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Creative Microwave Technology 

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 5 

NEW RAYTHEON MICROWAVE TUBE DEVELOPMENTS 

Miniature pulsed magnetrons 
for missile beacon appli-
cations are ruggedly con-
structed with integral mag-
nets. The RK-7461 is tun-
able from 9,300 to 9,500 mc 
and has minimum peak power 
output of 60 watts. It is 
1M in diameter and 21," long, 
and weighs only 6 ounces. 

QK -735 RK -7461 

The QK-735 is tunable from 
5,400 to 5,900 mc with mini-
mum peak power output of 
400 watts. 1M in diameter 
and 3M long, it weighs 8 
ounces. 

CIRCLE 182 
Reader Service Card 

* 

Designed for electronic 

countermeasures and FM/CW 
operations, the QK-625 BWO 
provides a minimum CW pow-
er output of 180 watts and a 
nominal CW power output of 
250 to 350 watts over the 
2,500 to 3,000 mc band. The 
tube is voltage tunable over 
the entire range with tuning 
sensitivity of approximate-
ly 0.4 mc/volt. Liquid-
cooled, the QK-625 BWO is 
equipped with an integral 

permanent magnet, and can be 
mounted in any position. 

CIRCLE 180 
Reader Service Card 

* * 

Small- signal e01.1.2 of 112 to 
35 db in microwave relay 
links is achieved by means 
of a new compact traveling 
wave tube amplifier -- the 
QK-542. This permanent-mag-
net focused CW tube has nom-
inal saturated power output 
of 5 watts over 5, 900 to 7,400 
mc. An integral UG 344/U 
waveguide-type flange is 
supplied as standard. With 
an optional coaxial output 
coupler the QK-542 covers 
4,000 to 8,000 mc. 

CIRCLE 183 
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A Leader in Creative Microwave Technology 

Ideal for linear accelera-
tors and high-power radar 
systems. The QK-783 and 
QK-622 Amplitrons operate 
over the 2,700-2,900 mc and 
2,900-3,100 mc bands, re-
spectively, at a peak power 
of 3 megawatts and a typical 
efficiency of 75. Because 
no heater is required, these 
tubes are capable of excep-
tionally long life. RF gain 
is 8 db under rated condi-
tions, and as high as 12 db at 
lower peak power outputs. 
Phase pushing figure is less 
than 0.5 degrees for a l. 
variation of anode current. 

CIRCLE 181 

Reader Service Card 

Compiled as a Raytheon serv-
ice to the field new Con-
solidated Data Booklet 
contains comprehensive in-
formation about principal 
unclassified magnetrons, 
klystrons, backward wave 
oscillators and special 
purpose tubes manufactured 
by Raytheon. Characteris-
tics presented include max-
imum ratings, typical oper-
ating values, band or 
frequency ranges and other 
essential data for micro-
wave engineers and purchas-
ing departments. 
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Widest Option in 
Low-Power Rotary Switches 
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METAL PARTS AND FINISHES 

STANDARD COMMERCIAL—Punched steel parts are lead-
coated, cold- rolled steel. Parts such as nuts, lockwashers, 
etc., are cadmium- plated steel. Shafts may be cadmium-
plated steel, brass, or aluminum. Brass parts are unplated. 

CONTACTS 

Famous Oak dou-
ble wiping, high-
pressure design. 
Riveted or eye-
leted in place and 
keyed from turn-
ing. Rotors short-
ing or nonshorting. 

AC SNAP SWITCHES 
—36 models for use 
on most switch types. 
All are UL approved. 

BEARING STRAPS— 
Added shaft support 
on long switches. Steel, 
brass, and phenolic. 

MOUNTING BRACES 
—Prevents frame twist 
on long switches due 
to torsion. 

/ 

TROPICAL OR 50-HOUR SALT SPRAY MILITARY SPECIFICA-
TIONS—All steel and brass parts are cadmium-plated and 
chromate-dipped. Stainless steel parts are passivated. 

200-HOUR SALT SPRAY MILITARY SPECIFICATIONS—All 
brass parts are nickel plated. All stainless steel parts are 
passivated. Shafts, washers and index springs, balls 
and plates are stainless steel. 

TYPE 1— Contacts are spring brass, silver-plated. Rotors 
are brass, silver-plated. Temperature limit: 100°C constant 
ambient. 

TYPE 2—Contacts, spring tempered- silver alloy. Rotors, 
coin-silver alloy. Temperature limit: 100°C constant 
ambient. 

TYPE 3—Contacts and rotor blades made of Oak alloy 

POTENTIOMETERS— ELECTROSTATIC 
Customers' choice. SHIELDS— Used be. 
Mounts on rear of Oak tween sections. Sizes 
switches. Operates by and sha pes for all 
switch shaft or sepa- switches. 
rate concentric shaft. 

MFG. 
CO. 

1260 Clybourn Ave., Dept. D, Chicago 10, Illinois 

Phone: MOhawk 4-2222 

CMS-202. This is a special alloy for high temperature 
operation to 150°C. 

GOLD-PLATED CONTACTS—Type 1 or 2 contacts may be 
gold-plated .0002" thick. Not to be confused with gold flash. 

FOR PRINTED CIRCUITS— Standard Oak contacts with a 
lug extending from the terminal end. Lug inserts in board 
for dip soldering. 

SPECIAL SHAFTS— 
Hollow, dual-concen• 
tric, and triple-con-
centric for many 
switches. 

When your design calls for a low-power rotary switch, you want a 
unit that matches job requirements exactly— not an "almost- fit. But 
in the process you don't want the switch to involve a lot of extra tooling 
and delay either. At Oak, the above options, plus numerous other 
alternatives in construction, are pretooled for economy, service, 
and convenience. 
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Lambda Power Supplies specified 
for newest radar installation 
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"Off-the-shelf" Lambda power supplies 
—modified only with special panels, MIL 
meters and tubes— will be part of the 
complex radar equipment housed in the 
85-foot tower at Thomasville, Alabama, 
one of four identical installations. 

Meet MIL- E 4158 environmental test requirements 
Sperry Gyroscope Co., operating under the technical guidance of the 
Rome ( N.Y.) Air Development Center, is producing the new SAGE 
radar equipment (AN/FPS-35). The power supplies employed to 
power transmitters and receivers must be able to pass stringent tests. 

Sperry's choice: Lambda's COM-PAKr already widely used as a 
component in many rocket and missile programs. 

All Lambda stock industrial power supplies are made to MIL quality 
and guaranteed for five years. They are pictured and described in a 
new 32-page catalog. Write for your copy. 

LLAMBDA ELECTRONICS CORP. 
11-11 131 STREET • COLLEGE POINT 56, NEW YORK 

INDEPENDENCE I-8500 CABLE ADDRESS: LAMBDATRON, NEW YORK 
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COMPONENT RESEARCH 8z DEVELOPMENT. Fear of some com-
ponent manufacturers continues to be that they may suddenly find 
a large portion of their conventional product line made obsolete by 
radical technological change. How much basis is there for this fear, 
and what can be done to reduce it? 
Three important trends have been slowly but surely gaining ground 

in the design of electronic equipment: packaged circuits, miniaturiza-
tion and microminiaturization. 
Packaged circuits involve putting several components together in 

a functional unit. Some manufacturing responsibilities are thus 
transferred from the equipment manufacturer to the components 
maker. This approach lends itself well to equipment involving circuit 
redundancy, as in large-scale digital computers. It lends itself less 
well, at least at this moment, to some other types of equipment. 

Miniaturization involves use of smaller components. By and large, 
component manufacturers themselves have led the way in this direc-
tion, with an assist from the military that has led to increased con-
sumer demand. But the practical limit appears to be the size of the 
largest component in a piece of equipment, such as the loudspeaker 
in a radio or the picture tube in a tv set. 

In microminiaturization, the newest of the three approaches, the 
conventional component could disappear entirely. Among the 
methods of fabrication are vacuum deposition of resistive and con-
ductive films to form passive circuits to which transistors are then 
joined, and fabrication of monolithic circuits from single semi-
conductor blocks in a manner that simultaneously provides both 
passive and active components. And there will be more such 
approaches, not necessarily limited to semiconductors. 
Thus far, microminiaturization has been aimed largely at special-

ized military and scientific applications. Most developments are still 
in the laboratory stage. The difficulty of obtaining inductance is one 
problem to be overcome. Another is the dissipation of heat. 

We're obviously talking about a revolution, but not a sudden one. 
One answer to fear of change, where it exists, is to keep abreast of 
these new techniques. A solid-state research group is a good invest-
ment, and one that pay off in many other ways. 

Coming In Our October 2 Issue . . . 

HIGH MAGNETIC FIELDS. In electronics and physics research 
laboratories, equipment for the generation of magnetic fields of high 
intensity is an indispensable tool. In nuclear resonance measure-
ments, maser research, plasma studies for thermonuclear fusion, 
investigation of the energy-band structure of semiconductors, and 
in millimeter and sub-millimeter wave radiation for communications 
and missile detection, the generation of magnetic fields is essential. 
According to H. H. Kolm, of MIT's Lincoln Laboratory, activity in 
these fields has stimulated much interest in the problem of genera-
tion of high continuous fields over large volumes. Kolm's survey 
of the state of the art points up the need for sophisticated instru-
mentation and complex electronic equipment in this area. 

SENSITIVE TRANSDUCER. A crystal oscillator circuit, using only 
one tube, is described by L. J. Rogers of the special instrumentation 
division of Union Carbide. This simple yet sensitive device is used 
in conjunction with a small, nonhazardous sensing head, which can 
be remote from the oscillator and other parts of the system. Trans-
ducers constructed with this system can measure pressure, displace-
ment or temperature in chemical plants or other hazardous locations. 
Use in medical research or in aircraft and missile guidance appears 
feasible. 
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SPRAGUE® RELIABILITY 
in these two dependable 
wirewouncl resistors 

MINIATURE 

VITREOUS-ENAMEL POWER RESISTORS 

Sprague's new improved construction gives even 
greater reliability and higher wattage ratings to fa-
mous Blue Jacket miniature axial lead resistors. 
A look at the small actual sizes illustrated, em-

phasizes how ideal they are for use in miniature 

NEW SMALLER SIZE 

KRIM 
INSULATED-SHELL POWER RESISTORS 

New Koolohm construction features include welded 
leads and winding terminations—Ceron ceramic-
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electronic equipment with either conventional wir-
ing or printed wiring boards. 

Get complete data on these dependable minified 
resistors, write for Engineering Bulletin 7410. 

TAB-TYPE BLUE JACKETS: For industrial applica-
tions, a wide selection of wattage ratings from 5 to 
218 watts are available in Sprague's famous Tab-
Type Blue Jacket close-tolerance, power-type wire-
wound resistors. Ideal for use in radio transmitters, 
electronic and industrial equipment, etc. For com-
plete data, send for Engineering Bulletin 7400A. 

KOOLOHM 

7W 

insulated resistance wire, wound on special ceramic 
core—multi-layer non-inductive windings or high 
resistance value conventional windings—sealed, in-
sulated, non-porous ceramic outer shells—aged-on-
load to stabilize resistance value. 

You can depend upon them to carry maximum 
rated load for any given physical size. 

Send for Engineering Bulletin 7300 for complete 
technical data. 

SPRAGUE ELECTRIC COMPANY 
35 MARSHALL STREET • NORTH ADAMS, MASS. 

SPRAGUE® 
THE MARK OF RELIABILITY 

SPRAGUE COMPONENTS: RESISTORS • CAPACITORS e MAGNETIC COMPONENTS 0 TRANSISTORS 

INTERFERENCE FILTERS • PULSE NETWORKS 0 HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
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Here are the "basic ingredients" in 
some of today's most advanced design 
concepts . . . Norton Ceramic Ma-
terials. Exceptionally versatile, these 
exciting materials are meeting operat-
ing requirements of products and proc-
esses across industry. 

Norton Ceramic Materials offer de-
sign engineers a wide range of out-
standing physical, chemical, thermal, 
and electrical properties. What's more, 
they provide interesting combinations 
of these properties. For example: 
CRYSTOLON* silicon carbide provides 
high thermal conductivity as well as 
exceptional thermal strength; ALUN-
DUM* aluminum oxide has excellent 
chemical stability in addition to good 
abrasion resistance; MAGNORITE* mag-
nesium oxide offers high purity, ther-
mal and electrical resistance; fused 

Dynamic Ideas in Engineering... 

—;":-

thrive on Norton ceramic materials 

zirconium oxide is today's highest 
melting point material available in 
tonnage quantities and it's immune to 
both reducing and oxidizing atmos-
pheres. And each product has many 
other invaluable properties. 
Think of Norton Ceramic Composi-

tions as essential components in 
equipment for metal and chemical proc-
essing, electrical, electronic, ceramic 
and nuclear applications . . . as "the 
answer" to literally hundreds of design 
problems. They're manufactured to 
meet highly exacting standards of 
purity, density, shape, size and wear 
resistance . . . available in granular 
and in fabricated form to meet your 
requirements efficiently and economi-
cally. For complete details, write for 
"Norton REFRACTORY GRAIN". NORTON 
COMPANY, Refractories Division, 938 
New Bond Street, Worcester 6, Mass. 

'Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 

IFIEfROls--7)11 
REFRACTORIES 

Engineered... R ... Prescribed 
Making better products... to make your products better 
NORTON PRODUCTS Abrasives • Grinding Wheels • Grinding Machines • Refractories • Electrochemicals — BEHR-MANNING DIVISION Coaled Abrasives • Sharpening Stones • Pressure- Sensitive Tapes 
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MOLDED 
TAPER 
BLOCKS 

FORMED & SOLID 
TAPER PINS 

FOR i4 TIGHT FIT IN A TIGHT SPOT... 

If miniaturization has put your circuits in a tight spot, you can build reliability right into them with the AMP 

Taper Technique . . . formed taper pins or new solid, pre- insulated taper pins ... two-piece or molded one-piece 

stackable blocks .. . plus a wide assortment of taper receptacles. 

The AMP Taper Technique offers the most complete line of taper products available plus many extra features. 

A three-and-a-half degree taper assures the firmest fit of pin in block. A-MP Pull-Test Insertion Tools assure the 

proper seating of pins. Hand and Automachine crimping tools assure uniformity of pin attachment to your 

circuit leads. 

And—with the addition to the AMP Taper Technique of the new Solid Pre- Insulated Diamond Grip Taper Pin 

and the new one-piece warp-free block, you can have the greatest flexibility of product choice for your circuit 

design and manufacturing operations. 

You can concentrate more circuits in a smaller space—and be sure of reliability when you use the AMP Taper 

Technique. Send for our new catalog today. 

AM F liturfroRps iipeete 
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
A•MP Products and engineering assistance are available through subsidiary companies in: Australia • Canada • England • France • Holland • Japan 
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Electronics Progress through 
Chemistry and Metallurgy 

sharpen man's "vision" in the infrared 

Scientists have long known that 
germanium and certain other 
crystalline materials, though 
opaque to visible light, are trans-
parent to infrared radiation. These 
rays now can be focused and 
directed as readily as light rays 
. . . by lenses and prisms made 
from cast germanium blanks. 

Sylvania has perfected a procAss 
by means of which germanium of 
high purity is cast in forms suit-
able for optical purposes . . . in 
sizes hitherto impracticable to 

RADIO RADAR 

manufacture (See panel for sam-
ples of work already delivered 
and in process). 

Sylvania cast germanium is now 
in use in vital infrared systems 
. . . passive radar, missiles, recon-
naissance equipment, spectro-
scopic devices, etc. Its industrial 
applications are just beginning 
to be explored. 

As a prime supplier of both 
single crystal and polycrystalline 
germanium in all its usable forms, 
Sylvania invites your inquiries. 

eSYLVANIA*G  

INFRA-
RED 

VISIBLE 
LIGHT 

ULTRA 
VIOLET 

.....,:esmzem:»).».ezeseeemeek:,,,es,›»meniszemei 
e, 
e Transparency range 

2-15 microns 

Discs 
to 8IA" dia., 
6" thick 

Domes 
to 81/2 " dia., 
6" high 

Strips—odd shapes 
to 16" length 

Rods and 
cylinders 
to 1/2 " dia., 
24" length 
(Larger diameters 
in shorter lengths) 

Sheets 
to 8"x 16" x 1/2 " 

L46552:1c%etietke+MeMekteeeMees .,:fflre, 

SYLVANIA ELECTRIC PRODUCTS INC. 

Chemical & Metallurgical Div. 
Towanda, Penna. 

Subsidiar, of 

GENERAL TELEPHONE & ELECTRONICS 
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Experience—the added alloy in A-L Electrical Steels 

Higher permeability values now guaranteed 
for Allegheny Ludlum's Moly Permalloy 

Means new, consistent and predictable 

magnetic core performance 

Molybdenum Permalloy nickel-iron strip is now available 
from Allegheny Ludlum, with higher guaranteed perme-
ability values than former typical values. For the buyer, 
this new high quality means greater uniformity . . . more 

consistent and predictable magnetic core performance. 

This higher permeability is the result of Allegheny 
Ludlum's intensive research on nickel-bearing electrical 
alloys. A similar improvement has been made in AL-4750 

strip steel. A-L continues its research on silicon steels, 

WSW 7490 

including Silectron, well-known grain-oriented silicon 
steel, and other magnetic alloys. 

Complete facilities for the fabrication and heat treat-
ment of laminations are available from Allegheny Ludlum. 

In addition, you can be assured of close gage tolerance, 
uniformity of gage throughout the coil, and minimum 
spread of gage across the coil-width. 

If you have a problem relating to electrical steels, 
laminations or magnetic materials, call A-L. Prompt tech-
nical assistance will be yours. And write for more in-
formation on Moly Permalloy. Allegheny Ludlum Steel 
Corporation, Oliver Building, Pittsburgh 22, Pa. 

Address Dept. E-2I. 

ALLEGHENY LUDLUM 
STEELMAKERS TO THE ELECTRICAL INDUSTRY 

Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 

Export distribution, Laminations: AD. AURIEMA, NYC 4 
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EIMAC PIONEERED INTERNAL—ANODE TETRODES 

PERFORMANCE LEADERS FOR OVER A DECADE 

De\cloped zind introduced to the in-
dustry in the mid 19 tO's. Eimac's line 
of internal-anode radial-beam tet rodes 
immediately received widespread and 
enthusiastic acceptance. Well over a 
million have been sold since that time. 
These tubes. quality leaders from the 
very start, still maintain that position 
through advanced processing tech-
niques. inherently sound design and 
continuing concern with production 
refinements. 

Clean electrode design, for example, 
and the exceptionally hard vacuums 
achieved on Eimac-developed rotary 

vacuum pumps. result in consistently 
reliable tubes with an exceptional 
ability to withstand high momentary 
overloads and peak powers. Rugged 
filament design with high reserve 
emission contributes greatly to their 
reliability and long life. 

Stable operation at high frequencies 
is assured by low inter-electrode ca-
pacitances and low lead inductances. 
Driver requirements and associated 
circuitry are simplified by the high 
power gain and low driving power 
requirements of these tube types. 

These features, plus other Eimac 

design innovations such as the Pyro-
vac* plate and non-emitting grids 
make Eimac internal-anode tetrodes 
your logical choice for new equipment 
designs, as well as tube replacements, 
when exceptional performance and 
reliability are required. Most types 
available for immediate delivery. 

•ReFi.tered Trademark 

EITEL-McCULLOUGH, INC. 

e lse • San Carlos, California 



BUSINESS THIS WEEK 

ELECTRONICS NEWSLETTER 

COMMUNICATIONS-TRACKING ANTENNAS will 
be installed for Project Courier—Army Signal 
Corps' orbiting teletypewriter relay station sched-
uled to go up this spring (ELECTRONICS, p 52, Sept. 
11). Hawaii and Puerto Rico are under considera-
tion as locations for antennas. The 28-ft diameter 
antennas are mounted on a 40-ft steel pedestal 
built on concrete pads 20 x 20 ft. Housed within 
each pedestal will be an instrumentation com-
plex that includes four racks of control equip-
ment, a control console, signal tracking display, 

plus azimuth and elevation indicators. The servo 
system provides for fast antenna control in local, 
remote and automatic tracking modes, and for 
"coasting" at a memorized rate when a temporary 
signal loss occurs. Other gear may be slaved to 
the antenna. Sector scan is provided in either 
remote or local operation modes, and secant cor-
rection is supplied for near-zenith tracking. An-

tenna system was designed and built by Radia-
tion, Inc. 

Electronic gear for extracting data from photographs of 
very low. contrast luis been devised by the Air Force 
and described in. a report just released by the Office of 
Technical Services, U. S. Department of C ttttt :tierce. 

RADAR ANTIJAMMING DEVICE developed by 
Temco Electronics division of Temco Aircraft 
with its own funds has just been classified by the 
Defense Department. But this much was already 
known: The device, attached to a radar, elimi-
nates natural as well as manmade interference, 
including random white noise. Black box design 
can be modified to accommodate any radar by a 

simple change in the final output circuit con-
figuration. Commercial possibilities include clear, 
close-in presentation of ships on a collision course 
and the filtering out of noise around air traffic 
control radars. Jamming caused by proximity of 
other radar installations is also counteracted. 

Strategic Air Command headquarters can now transmit 
weather temps of the northern hemisphere by facsimile 
to all SAC facilities in the U. S. in 28 minutes. 

MAGNETIC DOMAIN INTERACTION is basis of 
RV-2 airborne digital computer being developed 
by an Army-Navy Instrumentation Program 
(ANIP) team consisting of Douglas Aircraft, 
Servomechanisms, Varo Mfg. and Litton Indus-
tries. Servomechanisms, which has been research-
ing the use of magnetic domain interaction in 
thin evaporated films, says this approach "should 
do much to miniaturize digital circuitry and in-
crease its reliability." Magnetic domain memory 
and logic elements are fabricated by high vacuum 
thermal evaporation techniques. The RV-2 com-
puter is slated for completion in about two years. 

SECOND VENUS RADAR PROBE from MIT Lin-
coln Laboratory's Millstone Hill installation in 
Westford, Mass, took place this month. In the 
latest experiments, a lower sideband up-converter 
type parametric amplifier using a silicon mesa 
diode was substituted for the uhf maser which 
provided the low-noise receiving front end in the 
first series of interplanetary radar contacts 
(ELECTRONICS, p 35, Apr. 17, '59). Most favorable 
time in the new series came in first week of Sep-
tember, when Venus passed relatively close to 
earth. Runs were begun several weeks before, 
and were continued after the optimum date. 
Among the new experiments was an attempt at 
real-time digital processing of the signals. In 
the first series, signals were directed at Venus in 
February 1958; it wasn't until March 1959 that 
success was announced, after cross-correlation 
studies of the "frozen" data established genuinity 
of the return signals. 

NATIONWIDE CHAIN of large-scale computer 
service centers is planned by C-E-I-R, Inc., which 
now operates an independent commercial com-
puting service in Arlington, Va. Firm says it will 
install $25 million worth of computer gear in 
five cities, starting with three IBM 7090's in New 
York, Houston and Washington; Chicago will get 
a comparable machine next year, Los Angeles 
another one in 1961. 

During recent war gaine an IBM 704 computer at Stra-
tegic Air C mand headquarters Wade up individual 
flight plans for 2.100 bombers that took off from 70 
bases bound for different targets. The bombers had 
to fly through varying altitude and weather conditions. 
Work took 10 man hours, with three men working .3!.!2 
hours. Navigators would have needed about 3.000 man 
hours to do the job. 

LABORATORY EQUIPMENT for instructional use 
in high schools and colleges is being developed 
by universities, professional scientific organiza-
tions and research institutes under new National 
Science Foundation grants totaling $189,000. 
Among the aids: modified research gear for quan-
titative experiments on the properties of waves 
for college physics courses; an inexpensive dig-
ital computer easily assembled for mathematics 
courses; a set of about 30 instrument "building 
blocks" which illustrate fundamental principles 
involved in complex instrumentation and can be 

used to build 35 instruments for analytical chem-
istry; aids for instruction in design and use of 
analog computers. 

MINUTEMAN PCM TELEMETRY responsibility is 
now claimed by Radiation Inc. with the announce-
ment two weeks apart of two contracts from Boe-
ing totaling $5.9 million. 
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NEW FRO 

Wide Range 

KLYSTRON POWER SUPPLY— s475°° 

NARDA 

Operates more Klystrons 
than any comparable unit! 

This new Narda Wide Range Klystron Power 
Supply operates virtually all medium and low 
voltage Klystrons, as well as some high voltage 
tubes (at reduced power output). It literally oper-

ates more Klystrons, including Sperry and Varian 

tubes, than any other unit in its price range! 

What's more, all components, including tube 
sockets, are operated within manufacturers' rat-
ings. (Many other supplies exceed plate-cathode, 

• 250-700 volt Beam Supply, 0-65 ma. 

• 0-1000 volt Reflector Supply 

• Accurate Ten-Turn Dial Calibration 

• 5 mv max. Reflector Ripple 

• Diode Protection Circuit 

Model 438 

cathode- filament or socket- ground voltage 

ratings.) 

Want more information about this new Power 

Supply that gives you greater versatility and 

longer trouble-free service at lower cost? Then 

write us for complete spec sheets. Ask, too, for 

your free copy of our complete catalog. Address: 

Dept. E-6. 

FEATURES 

• Oil Filled Capacitors in High Voltage Filters 

• Square Wave Modulation 0-150 Volts, 300 to 
3000 cps. 

• Saw Tooth Modulation 0-150 Volts, 30 to 

180 cps. 

e Sine Wave Modulation 0-150 Volts, 60 cps. 

feATTe,, the narda microwave corporation 
118-160 HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6-4650 
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ALLIED'S 

New 
CRYSTAL CAN 

5 amp Relay 
GENERAL FEATURES 

Contact Arrangement: 
Two pole double throw. 

Contact Rating: 

d-c non-inductive—low-level 
up to 5 amperes at 29 volts. 

a-c non-inductive—low-level 
up to 2 amperes at 115 volts. 

a-c or d-c inductive-1 ampere 
at 29 volts d-c and 115 volts a-c. 

Initial Contact Resistance: 

.05 ohms maximum. 

Minimum Operate Sensitivity 
100 milliwatts with a contact 
rating of 2 amperes non-inductive. 

Ambient Temperature: 
— 65 °C to + 125 °C. 

Dielectric Strength: 

1,000 volts rms at sea level. 
450 volts rms at 70,000 feet. 
350 volts rms at 80,000 feet. 

Insulating Resistance: 
10,000 megohms minimum. 

Vibration: 

5-28 cps at 0.5 inch double 
amplitude and 28-2000 cps at 20 g. 

Shock: 50 g operational. 100 g mechanical. 

Operate Time: 

10 milliseconds or less at rated voltage at 25 °C. 

Release Time: 

5 milliseconds or less at rated voltage at 25 °C. 

Maximum Over-all Dimensions: 
height 1.0" length 0.8" width 0.4". 

Terminals: 

0.2 inch grid spaced. Plug-in printed circuit 
and hooked type solder terminals. 

Weight: 0.8 ounces maximum. 

Allied Type ..111-6D 

Actual Size 

Ole Belays.00 

ç) ALLIED CONTROL 
- 

ALLIED CONTROL 
ALLIED CONTROL COMPANY. INC., 2 EAST END AVENUE, NEW YORK 21, N.V. 

Write 

for 

Bulletin 

JH-6D 

tint. r 1 ,3 MI orn nee rentsier rA on 



WE1NSCHEL 
COAXIAL " 

TERMINATIONS 
DC to 10 KMC 

50 ohms 
Connectors: N, C, SC, INC and INC 

Individual VSWR calibrations sup-

plied at seven frequencies: DC, . 4, 

1, 2, 4, 7.5 and 10 KMC. 

Made with Weinschel Film Resis-

tors for maximum stability. 

es Type N 
" Connector 

; 

535-MN 

ee-73 

535- FN 

Type BNC 
Connector 

toe— 
(-

535-MB 535-FB 

eD8M 

TNC 
,j TypConnector 

›ruhel 

1 

Mt, 

535-MT 535- FT 

Type t- e- - 
Connector 

> " 1 

535-MC 535-FC 

Type SC 
Connector 

\ • 

535-MSC 535-FSC 

Weinschel Fixed Coaxial 

 • Attenuators cover the fre-
WE CO quency range of DC to 

12.4 KMC. Write for com-
plete catalog. 

Weinschel Engineering 
KENSINGTON, MARYLAND 

WASHINGTON OUTLOOK  

WASHINGTON—U. S. SPACE EXPERIMENTATION, still running at a fair head 

of steam, may be accelerated in the wake of the successful Soviet moon-
shot. U. S. scientists acclaim the shot as a major scientific achievement, 
also hope it will reverse the recent mild trend toward trimming space 

budgets. 

Four major space experiments are planned for the rest of this year by 
National Aeronautics and Space Administration. First, tentatively set for 
Sept. 30, is an earth satellite shot that will attempt to put some 91 lbs of 
instruments into orbit around the earth, primarily to measure radiation. 

The U. S. try for a moon satellite—to go around the moon and photo-
graph its hidden face—is scheduled for around Oct. 4. Then in late 
October or early November an attempt will be made to put a satellite into 
the same orbit as Venus—not around the planet, but in its orbital path. 
Another deep-space probe to go beyond the earth's gravitational pull 

is planned for later in November. And there will be more tests this year 
of the vehicles that will carry a man into space next year. 

Besides these NASA experiments, the armed services will also be con-
ducting space shots of their own. Late in September a communications 
satellite is scheduled to be launched. And additional polar-orbit satellites 
are planned by the Air Force in its Project Discovery series. 

Up to now, the U. S. space program has largely been run with makeshift 
military weapons, mostly modified Atlas, Thor and Jupiter missiles. By 
mid-1960, however, the first of a series of specially developed space 
launching craft will be coming into use. Result should be less trial and 

error, more firm and reliable experiment. 

• House Armed Services Investigations subcommittee, under Rep. F. 
Edward Hebert (D., La.), has completed separate inquiries into de-

fense contracting and into the defense industry's employment of 
retired military brass. The subcommittee is now hammering out 
recommendations to be made in January when Congress reconvenes. 

On the contracting side, the Hebert committee will probably 

recommend tougher verification of contractors' cost estimates and 
tighter military scrutiny of contract performance. Pentagon is 
already pushing through such measures administratively; legislative 
action would throw the weight of Congress behind the Defense 
Department's administrative moves. 

The new restrictions were generated by General Accounting Office 
disclosures that the government was overcharged a total of $42.2-

million during two years in 12 Air Force and 14 Navy contracts. 

• On the other issue—that of retired brass in defense industry—the 
outlook for Congressional action is not as clearcut. The question can-
not easily be clarified by statute. Besides, Congressional investigators 
were unable to come up with specific cases of procurement hanky-

pinky involving influence-peddling by retired brass. 

Present laws forbid retired officers from selling to the military. 
Hebert wants to spell out in law just what "selling" constitutes. He 
also wants to liberalize the rules restricting retired officers from 

taking civil service jobs. He thinks such action would retain military 
talents for the government, discourage defense industry recruitment 

of the retired brass. 

Some lawmakers are pushing for rules to bar retired officers from 
industry contact with military projects with which they were directly 
responsible while in uniform. But any new curbs are unlikely to 

discourage industry from hiring retired military men. 
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IrM, 

TECHNICAL DATA: 

Maximum DC Maximum Average Maximum Forward 
Diode Inverse Operating Forward Current Voltage Drop 
Type Voltage @25°C @ 25°C 

(volts) (ma) (volts @ ma) 

1N645 225 400 1.0 @ 400 

1N647 400 400 1.0 @ 400 

1N649 600 400 1.0 @ 400 

1N677 100 400 1.0 e 400 

1N681 300 200 1.0 @ 200 

1N683 400 200 1.0 @ 200 

1N685 500 200 1.0 @ 200 

1N687 600 200 1.0 @ 200 

OTHER CLEVITE DIVISIONS. 
Cleveland Graphite Bronze • Brush Instruments 

• Clevite Electronic Components • Clevite Harris Products 
• Clevite Ltd. • Clevite Ordnance • Clevite Research Center 

• Texas Division • Intermetall G.m.b.H. 

Clevite offers silicon rectifiers 
designed for maximum reliability 
in the severest military and 
commercial applications. 

Check these features: 

HIGH DISSIPATION — - 

SUBMINIATURE GLASS PACKAGE 

HIGH VOLTAGE — • ,L wolfs 

HERMETICALLY SEALED 

HIGH TEMPERATURE OPERATION 

up to 150 ma at 150 C 

For details, write for Bulletin B217A-3 

A DIVISION 

  CLEVITE 
TRANSISTOR PRODUCTS 

CIRCLE 15 ON READER SERVICE CARD 

241 CRESCENT ST., WALTHAM 54, MASS. 

TWinbrook 4-9330 



Humphrey potentiometer 

measures position of 

vernier rockets on Atlas 

The above photograph of a vernier 
rocket on the Atlas intercontinental 
ballistic missile shows the installation 
of the Humphrey RP-23 linear poten-
tiometer. This transducer measures the 
vernier engine pitch and roll displace-
ment for the telemetry system. The 
signal is fed to the telemetering pack-
age for transmission to the ground, 
providing an exact record of the ope-
ration of the vernier engine pitch-roll 
motion during missile flight. 
The Humphrey RP-23 linear poten-

tiometer offers extremely low resolu-
tion, down to less than 1/1000 of an 
inch. Accuracy is better than . 1%. It is 
completely pressure-sealed in a stain-
less steel case to withstand tough en-
vironmental conditions. Service life of 
the potentiometer is in excess of one 
million cycles. 

Humphrey makes a complete line of 
linear and sector potentiometers for 
severe duty applications. Typical of 
the environmental conditions they are 
meeting in current missile applications 
are vibration 25 G. 10 to 2,000 cps, 
and shock of 100 G while operating. 

Humphrey Potentiometers are avail-
able in a wide selection of standard 
models. Precision pots such as the 
RP-23 shown here are available for 
immediate shipment. Specialized types 
to your specifications can be built on 
short notice. Development, qualifica-
tion and production of hardware on 
the RP-23 all took place in 60 days. 

Phone or write today for informa-
tion on Humphrey ruggedized preci-
sion potentiometers. Humphrey, Inc., 
Dept. E-99, 2805 Canon Street. San 
Diego 6, Calif. 

liumphreq Inc. 
LLECTRO - MECHANICAL INSTRU MENTS 

GYROSCOPES. ACCELEROMETERS, POTENTIOMETERS 

WHEN OTHERS CAN'T-HUMPHREY CAN! 
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One of the earliest and most basic break-
throughs in fastener design was the common 
safety pin. And, although DOT is not a manu-
facturer of safety pins, many a DOT industrial 
fastener has had an equally revolutionary effect 
on modern fastening technique. Hundreds of 
different DOT fasteners have created relatively 
minor revolutions in specific industries. 

A DOT fastener may save a few man-
minutes of labor. It may save material. Or 
it may improve product performance and 
hence saleability. But multiply each small im-
provement by the number of units in a true 
mass-production operation and the savings 
really pile up to impressive proportions. 

Rather than spend your own design staff's 
time on fastening problems, it might pay you 
well to call in DOT. You'll have at your serv-
ice a design and production organization with 
large-scale facilities for genuine mass-produc-
tion of special-purpose fasteners and self-
fastening devices of all kinds. 

Supplementing the Carr Fastener Company 
are a number of other plants which form the 
United-Carr Fastener group. They are located 
in the principal production centers of the 
United States, Canada, England and Australia. 
Your nearest United-Carr Field office ( see be-
low) is no further away than a telephone call 
from your desk. 

CARR FASTENER COMPANY 
Cambridge 42, Massachusetts 

Offices In: 
Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse 
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Here's how to pick 

the best DIODES 
for your money 

Price is no clue when diodes sell for about the same, and just 
looking at them tells nothing. But if you ask the right ques-
tions about the three key factors in the production of quality 
germanium gold bonded diodes, you have your clues to more 
long-term reliability for your money. Here they are: 

BAKING TIME AND TEMPERATURE 
bear a direct relationship to long-term stability. You get a measure 

of the quality of diodes by asking: "How long do you bake, and 

at what temperature?" (All GT diodes are baked at 140°C for 
at least 96 hours—the highest and longest in the industry!) 

STRICT, STATISTICAL, HISTORY LOGGING 
traces the progress of every single wafer made 

from each ingot of germanium. At GT, if a few wafers fail to 
pass the stringent GT quality tests along the way, then 

all from the ingot are suspect and can be identified and 
pulled out. There are no "stowaways" in a 

shipment of GT quality diodes. 

LEVEL OF TESTING STANDARDS 
reveals the level of quality. Ask about "everyday" 

test standards. ( In the GT Seal Test, diodes are 
submerged in a penetrant-dye solution for 24 hours 

under 75 psi. This test is so sensitive that 
it will reveal a leak so small it would take over 300 

years for 1 cc of gas to diffuse through the case.) 
All GT quality tests- 100% electrical, 100% shock 

and vibration, and 100% temperature cycling 
—are at the highest industry level... 

and as a final mark of quality, the color bands 
on GT Germanium Gold Bonded 

Diodes are baked on to stay. 

GT is equipped to supply diodes tested to 
individual customer requirements, 

such as JAN Qualification Inspection Tests 
and many others. 

To get the full measure of quality in 
Germanium Gold Bonded Diodes, 

see your GT representative; or write directly to 

the company with know-how NOW. 

, 

' 
TRANSI-- TOR CORPORATION 

1-27 138th Place, Jamaice 35, New York 

FOR IMMEDIATE DELIVERY FROM STOCK. CONTACT YOUR NEAREST AUTHORIZED 

GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING 

CORP.. 91-27 138TH PLACE. JAMAICA 35. NEW YORK. FOR EXPORT: GENERAL 

TRANSIST0i1 INTERNATIONAL CORP.. 91-27 130TH PLACE. JAMAICA 35. NEW YORK. 

PRECISION MAGNETIC RECORDING HEADS AVAILABLE FROM 

GENERAL TRANSISTOR WESTERN CORP 6110 VENICE BLVD . LOS ANGELES. CALIF. 

111 CIRCLE 1R AN RFAAFR (FRVIrr (non Aoro ne Inca - en er.rnet•iffee 



-the Standard Line that's Deep-Drawn 
to Precision Standards* 

DESIGNERS! 
For precision quality 
at commercial prices, 
consult the new HUDSON 
catalog. Call or write 
for this cost and time-
saving handbook, today! 

to_ 

a  , 

*The Most Complete Line 

in the Industry, too! 

HUDSON STANDARD CASES AND COVERS offer 
a quick, economical solution to your military and commercial 
closure problems. Components of mu metal, nickel-silver, 
aluminum, brass, copper, steel and stainless steel are available 
in any required finish. 

HUDSON STANDARD TOOLING saves you time and 
money on all but the most unusual closure applications. 
Check your requirements with HUDSON engineers, now! 

Hudson Tool 8t Die Co • Inc 
18-38 Malvern St., Newark 5, New Jersey 

Telephone: MArket 4:1802 
Teletype: NK 1066 

Prechron Mete Components for Eiedronier, Nucleonics, Avionics and General Industrial Applications' 

3 MODERN PLANTS TO SERVE YOU 

suslems 2 e 



How to put wings on a warehouse 

Giving overseas air bases what amounts to local warehouse service on 
important parts is an Air Force objective. Its present system has slashed 
delivery schedules up to 20 times...saved taxpayers several billion dollars 
over the past decade. To improve it further, Douglas has been selected to 
develop specifications for a comprehensive Material Handling Support 
System involving better communications, control, cargo handling and 
loading, packaging and air terminal design. Douglas is well qualified for 
this program by its more than 20 years in all phases of cargo transport. Air 

logistics is only one area of extensive Douglas operations in aircraft, missile 
and space fields in which outstanding openings exist for qualified scientists 
and engineers. Some are listed on the facing page. 

'Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa 

Monica and Long Beach Divisions, go over air transport needs relating 

to advanced cargo loading techniques with noUGLAS Donald W. Douglas, Jr., President of 

JETLINERS• MILITARY AIRCRAFT Ill CARGO TRANSPORTS • MISSILE SYSTEMS • SPACE SYSTEMS II AIRCOMB • GROUND-HANDLING EQUIPMENT 

20 CIRCLE 20 ON READER SERVICE CARD SEPTEMBER 2% 1959 • ELECTRONICS 



FINANCIAL ROUNDUP 

Sales Increases Announced 
SALES for Eitel-McCullough, San 
Carlos, Calif., are up 66 percent 
for the first half of the firm's fiscal 
year, compared to the same period 
last year. Sales for the latest 
period amounted to $12,047,746. 

Earnings were 90 cents a share, as 
compared with the two cents a 
share deficit for the initial half of 
1958 and the 26-cent total reached 
last year. Total 1958 sales came 
to about $16 million, while com-
pany predictions for total 1959 
sales are in excess of $25 million. 
This prediction is partly based on 
a backlog of about $9,700,000, com-
pared with $7,100,000 a year ago. 

• Smith-Corona Marchant re-
ports net sales of $90,411,280 for 
the fiscal year ended June 30, 1959. 
Sales in the previous year were 
$87,145,774. Net earnings de-
creased to $551,396, equal to 30 
cents a share, compared with $2,-
244,258 or $1.38 a share for last 
year. Company officials attribute 
the dip to building programs and 
accelerated research and engineer-
ing activities which added to oper-
ating expenses. As an example, 
they cite R&D expenditures of $4.3 
million, as compared with $2.8 mil-
lion in 1958. 

• Chicago Aerial Industries. Mel-
rose Park, Ill. manufacturer of 
drone and manned aircraft re-
connaissance systems, airborne 
data displays and missile guidance 
systems, reports sales for the first 
half of this year of $6,007,478, a 
60-percent increase over the first 
half of 1958. Earnings per share 
and total earnings were up 80 per-
cent to 76 cents and $400,525, 
respectively. Backlog is counted 
at over $6 million, mainly in pro-
duction orders for precision avion-
ics equipment. 

• Industrial Electronic Hard-
ware Corp., New York, reports net 
sales for its fiscal first quarter 
amounting to $854,211. This com-
pares with a total of $547,583 in 
the similar quarter of 1958, a gain 
of about 56 percent. Net profits 
totaled $33,573, equal to 51, cents 

a share. Net profits in the first 
quarter of last year were $8,066 
or 1.3 cents a share on the com-
pany's 611,568 outstanding shares 
of common stock. 

• Telemeter Magnetics, Inc., Los 
Angeles, announces acquisition of 
Invar Electronics Corp., Pasadena, 
Calif., manufacturer of solid state 
power supplies and electronic in-
struments. Company officials say 
the move will provide Invar with 
financial support for development 
of new products and extension of 
present product lines. No changes 
in personnel or management are 
contemplated as a result of the 
acquisition. 

• Granco Products, Inc., New 
York, reports sales of $3,070,486 
for the fiscal year ended June 30. 
This represents a 38-percent in-
crease over the previous fiscal 
year. Net earnings for the period 
were $49,152 this year, compared 
with $2,812 for last year. The firm 
makes f-m radio receivers. 

25 MOST ACTIVE STOCKS 

Int'l Tel & Tel 
Sperry Rand 
Raytheon 
RCA 
Burroughs 
Gen Elec 
Arco Corp 
Gen Tel 8 Elec 
Westinghouse 
Univ Control 
Zenith Radio 
Elec 8 Mus Ind 
Texas Inst 
Gen Dist 
Standard Coil 
Litton Ind 
Gen Dynamics 
El-Tronics 
Reeves Sndcrft 
Beckman hut 
Philco Corp 
Siegler Corp 
Gen Transistor 
Dynamics Corp 
Victoreen Rust 
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 & Co. 

WEEK ENDING SEPTEMBER 11 

SHARES 
(IN 100's) 

776 
721 
686 
647 
607 
529 
516 
443 
427 
406 
329 
317 
314 
296 
282 
265 
255 
243 
223 
2-14 
204 
193 
190 
173 
172 

HIGH LOW CLOSE 
33 301/4  321/2  
227/8 22 223/8 
483/8 431/2  43% 
591/2  557/8 581/2 
31% 301/8 301/4  
781/2  75% 781/4 
137/e 131/8 131/4  
711/2  693/e 705/a 
901/4  855/8 883/e 
171/4  16 161/8 
1043/4  991/4 1001/2  
71/4  7 71/4  

136Wa 1267/e 132 
233/8 203/4  22% 
161/8 143/e 161/8 

1183/4 1101/2  1145/8 
49 463/4  471/4 
1% 13/a 11/2  
77/8 7118 731 

543/8 503/8 52 
251/4 23% 24 
27Wa 251/4 261/a 
351/2  321/2  341/4  
87/a 83/8 81/2  
143/a 13 133/4 

STOCK PRICE AVERAGES 
(Standard & Poor's) Sept. 9, Aug. 12, Change From 

1959 1959 One Year Ago 
Electronic mfrs. 84.58 87.95 + 43.9% 
Radio & tv mfrs. 103.16 111.15 +82.11% 
Broadcasters 91.89 99.29 +33.7% 

Put wings on your 

future, too. 

DOUGLAS AIRCRAFT COMPANY 
MISSILES AND SPACE SYSTEMS 

has immediate openings 

in the following f ields— 

Electrical and Electronics: 
Control System Analysis & Design 
Antenna & Radome Design 
Radar System Analysis and Design 
Instrumentation 
Equipment Installation 
Test Procedures 
Logic Design 
Power System Design 

Mechanical Engineering — 
Analysis and Design of the following: 
Servo Units 
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 

Aeronautical Engineering: 

Aerodynamic Design 
Advanced Aerodynamic Study 
Aerodynamic Heating 
Structural Analysis 
Strength Testing 
Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 
Design of Complex Structure 
Trajectory Analysis 
Space Mechanics 
Welding 
Metallurgy 

Physics and Mathematics: 
Experimental Thermodynamics 
General Advanced Analysis in 

all fields 
Computer Application Analysis 
Computer Programming and 
Analysis 

Mathematical Analysis 

For full information 

write to: 

Mr. C. C. LaVene 

Box F-620 

Douglas Aircraft Company, Inc. 

Santa Monica, Calif. 
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Helping to keep 
computers compact• • • 

The space and weight saving characteristics of Gamewell 
Sinusoidal Potentiometers make them a popular choice for 
equipment employing sine-cosine operations. Far lighter and 
more compact than gears, cams, and other complicated mechan-
isms, they're widely used in analog computers, data converters, 
Tacan systems, and radar components. Wire wound card and 
double brushes produce sine-cosine functions with a smoothness 
and precision unobtainable by other resistive methods . . . ideal 
for low frequency sine wave generation. 

Solve your prototype problems with Gamewell Precision 
Potentiometers. A wide range of linear and non-linear models 
including servo, precision, and trimmer types. Emphasis on 
"specials." Engineering assistance upon request. Write THE 
GAMEWELL COMPANY, Dept. 13E, Newton Upper Falls 64, Mass. 

CONDENSED SPEC 

OF RVG-30X5-4POT 

Resistance 16,000 ohms± 5% 

Conformity 1  0% peak to peak 

Starting Torque 0  5 oz, in. max. 

Angular Accuracy   ±0.7° 

Weight 2 oz. max. 

Mechanical Rotation   Continuous 

Electrical Rotation 360° 

Nominal Life 350,000 cycles 

C"--1 

r—e--111 

<IMB! 

114 

Zanewelle 
PRECISION POTENTIOMETERS 

INTEGRALS OF 
HIGH PERFORMANCE 
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INTERNATIONAL RECTIFIER CORPORATION 

Miniature Voltage Reference Packs Maintain 
Voltage Regulation to within 0.01%! 

644 Zener Diode Types 
Offer Advantages to Every 
Voltage Regulator Circuit 
As compared to other voltage refer-

ence elements, the silicon diode regu-
lator has a longer life expectancy be-
cause of it, mochanieul ruggedness. It 
does not deteriorate under storage nor 
age during its operating life. Small size 
and light weight make its use in air-
borne or portable  equipniciit especially 
desirable from manv standpoints. 

International Re.ctifier Corporation 
now offers an extensive line of zener 
types numbering 644 in seven basic 
styles. From the miniature type rated 
at 750 milliwatts to the precision 
1N430 reference element types, all are 
manufactured to meet the most rigid 
military requirements. See how these 
all- welded, hermetically sealed diodes 
eon improve your circuit design. . . . 

CIRCLE READER SERVICE CARD NO. 155 

REF-PAK MODEL 411V8 
Standard 3111, Transformer Case 

Designed around the highly stable 
1N430 silicon reference element, these 
miniature reference supplies may be 
considered to be the solid state equiva-
lent of the standard cell. A high degree 
of stability is attained by maintaining 
a precise constant current through the 
reference element, regardless of tem-
perature or line voltage variations. 

Ref-Paks will operate directly front 

ZENIAC Provides a Shortcut to the 

Application of Silicon Zener Diodes 
A flip of the Zeniac selector 

switch quickly tells you the exact 
diode required in complex 
breadboard circuitry. This 
unique innovation — the first 
semiconductor substitution box 
in history — has been designed 
specifically to aid system design 
groups by saving valuable lab 
time in the application of zener 
diodes. 
Two units are available. each 

housing 11 diodes in voltage 
steps from 3.9 thru 27 volts. 
Model A Zeniac is rated at 1-
watt; Model B is rated at 10-
watts. Both are note in stock at 
your Authorized Distributor. Ask 
for details on this time sorer . . . 

READER SERVICE CARD NO CIRCLE 157 

REF-PAK MODEL RV 8-1'C 
Special Housing for insertion into 
printed circuit b1 tards. 

an unregulated power source ... main-
tain voltage regulation to within ± 
0.01%! Output voltages of either 8.4 or 
16.8 volts de are available in 5 distinct 
types that allow operation front 28 or 
115 volt dc, 400 and 60 cycle power 
supplies. Temperature coefficient of 
these devices is ± 0.0017.1°C front 
—55° to + 100°C. 
For complete details ask for SR-401. 

CIRCLE READER SERVICE CARD NO. 156 

Technical Service Provides 
XY Plot of Reverse Breakdown 
Characteristics of Each Diode 

in all Prototype Orders 

To eliminate guesswork and tedious 
testing on your part, every zener diode 
sent on prototype orders will be accom-
panied by a specially plotted XY re-
cording of its exact breakdown voltage 
point! This permanent record can come 
in mighty handy when it's tinte to 
match diodes or reorder to the same 
specs. This is just one of the many 
application engineering services we are 
prepared to extend to you at all times! 

W rite to the factory for Bulletin 
SR-250-A, a four page technical article 
describing the characteristics of zener 
diodes, how to select them, and appli-
cation data with circuit schematics. 

FOR SA.E DAY SERVICE' ON PRODUCT INFORMATION DESCRIBED Aeçvc. sENn RFn ,F5T LET'FC,1,9CAL 

EXECUTIVE OFFICES: EL SEGUNDO. CALIFORNIA • PHONE OREGON 5.•201 • CARLE ITECTUSA 

BRANCH OFFICES: NEW YORK CITY AREA OFFICE: 132 E. 70th St.. TRafalgar 9.3330 • NEW YORK STATE AREA OFFICE: 2366 James Si.. Syracuse N Y . 140e,d 3 1441 • OHICA30 AREA OFFICE! 
205 W. Wacker Pr,. FRanklm 2,3888 • NgW ENCLAND AREA OFFICE. 17 Dunster Vt, Cambhdge. Mass.. UNlyersoty 4.6520 • PENNSYLVANIA AREA OFFICF: Suburban Square Bldg.. Ardmore. Pa.. 
Midway 9.1428 • MICHIGAN AREA OFFICE • 1799 Cool.dge Berkle, MIch.. Lincoln 9.1144 • IN CANADA. Internatmnal Rect.t.er of Canada. Ltd., 1581 Bank St., Ottawa, Ontarm, Regent 3.6880 

WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS • SELENIUM • GERMANIUM • SILICON 



PUTTING MAGNETICS TO WORK 

Vive la différence in Hy Mu 80! 

I 1,1111,11q1 I I 

For greater sensitivity—Magnetics, Inc. makes Round Hy Mu 80 for more output at low flux densities 

For greater gain—Magnetics, Inc. makes Square Hy Mu 80 for more voltage amplification 

There's an important difference in the two basic kinds of 
Hy Mu 80, Round Loop and Square Loop. By taking advan-
tage of It, you design magnetic amplifiers with better perform-
ance and efficiency characteristics. We stock standard tape 
wound cores made of both, to be sold at non-premium prices. 
We want you to order the right kind. 

Round Hy Mu 80 is demanded when flux densities are down 
around the 10 to 50-gauss level. Its high initial permeability 
results in great sensitivity. It also means fewer windings, thus 
smaller sizes. Combine higher inductance, great sensitivity and 
small size, and if you are a designer of devices like low level 
transformers or thermocouple amplifiers, then you want Round 
By Mu 80 tape cores. 

On the other hand, if you design sensitive high gain magnetic 
amplifiers you need Square Hy Mu 80. The transfer curve is so 

linear and so nearly vertical that a minute change in input 
produces an extremely sharp response. When only a small bias 
supply is available, you get a lot more amplifier per dollar. 
Preamplifier designers are among our best customers. 

So vive la diférence! Order the right Hy Mu 80 for your needs. 
We'll supply either, and what's more, we'll supply them 
quickly. Want the full story? Write Magnetics, Inc., Dept. E-71, 
Butler, Pennsylvania. 

MRORETICS inc. 
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2N1069 2N1010 

IGH POWER LOW SATURATION RESISTANCE NPN SILICON TRANSISTORS 
alicon Transistor Corporation is now delivering diffused-junction, 
N silicon mesa transistors. These new high power— low saturation 
istance transistors operate in the temperature range of —65° C to 
75° C for a wide variety of military and industrial applications where 
ik reliability and high temperature characteristics are required. Maxi-
m saturation resistance for the 2N1070 is 0.67 ohms at a collector 
rent of 1.5 amps., the 2N1069 is 2 ohms maximum at the samecurrent. 

RATINGS 

'ower Dissipation 50 watts 
CO 60 voltS 
'Ef30 9 volts 

CEO 45 volts 

7, 4 amperes 

'eo 

TYPICAL SATURATION RESISTANCE 

Applications: Since these STC transistors feature low saturation 
resistance they are ideally suited for switching applications as well as 
relay replacements and controls, solenoid actuators, power convertors, 
power switches, high level D.C. amplifiers, power supply regulators, and 
Class A and B power amplifiers. 

For complete specifications, request STC Form 1953. Write also for 
engineering bulletins on STC's full line of silicon glass diodes. 

D 
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CIRCUIT BREAKERS, 

PRECISION THERMOSTATS, 

SWITCHES and OVERHEAT PROTECTORS' 

For Electronic, Radar and Radio Equipment, Ground 

Support Equipment, Missiles and Aircraft Controls 

KLIXON KX-5 SERIES 
PRECISION SWITCHES 

Hermetically sealed snap-acting 
limit switches. Seal uses metalized 
ceramic terminal inserts and metal 
diaphragm. Switching element, one-
piece sine blade. Steel case with-
stands high impact and compression 
loads. High temperature resistance 
to 375°F. Vibration resistance to 25 
g's, 0-2500 cps. Ratings to 10 am-
peres, 115 VAC or 30 VDC resistive. 
25,000 cycles minimum life. Ambient 
temperatures range, —65°F to 
+375°F. Weight 1 oz. Variety of 
actuators available. 

NEW KLIXON 06160 
SIMULTRIP• CIRCUIT BREAKER 

Thermal type, three phase. Inter-
rupts high AC short circuits ... trips 
quickly . . . provides simultaneous 
tripping of all three phases should 
any one phase become overloaded. 
Phases can be different ratings. 
Ratings 5 to 60 amperes. 120/208 
VAC, 60/400 cycle systems and 
220/440 VAC, 60/400 cycle systems. 
Weight 227 grams. Minimum AC 
rupture capacity 2500 amperes, 1 0, 
120 VAC, 400 cps. Ultimate trip ig 
77°F, 105-130%. 200% trip, 10-65 
seconds. 
*Trade Mark 

NEW KLIXON MI 
PRECISION THERMOSTAT 

Hermetically sealed, vibration re-
sistant, snap action. Gold plated 
contacts for dry circuit applications. 
Conforms with MIL- E-5272A and 
MIL-T-5574A. Preset and non-
adjustable. Temperature settings 
from —65°F to +400°F. High dielec-
tric strength 1250 VAC. Ratings up to 
7 amperes, 30 VAC/DC resistive; 
or 6 amperes, 125 VAC; or 3 am-
peres, 250 VAC. Weight 5 grams. 
Special high- reliability version with 
low differential (9°F) available. 

KLIXON D7270-07271 
CIRCUIT BREAKERS 

Two miniature breakers different 
only in actuators. Simple trip-free 
design about ! i the size of MS25005 
and MS25017. Only three moving 
parts — actuator, slide and thermal 
disc. Ratings 3 to 35 amperes; weight 
1.5 ozs. High rupture capacity 3500 
amperes, 120 VAC, 400 cps; 4,000 
amperes, 30 VDC. 

KLIXON Circuit Breakers, Precision Switches, 
Precision Thermostats and Overheat Protectors are 
small in size and light in weight; they respond 
quickly and with accurate repeat performance; they 
have ample capacity to handle a wide range of elec-
trical loads; their calibrations stand up in the face 
of severe environmental conditions. 
Competent Metals & Controls engineers at the 

NEW KLIXON 2862 
PRECISION THERMOSTAT 

Positive temperature control for 
three-phase systems. Hermetically 
sealed, fixed temperature, snap 
action. Controls three phases simul-
taneously. Temperature settings 
from —65°F to +325°F. Minimum 
differential: 25°F. Rating 5 amperes, 
120 VAC. 60/400 cycles. Variety of 
mounting brackets available. 

KLIXON SINGLE-PHASE 
INHERENT OVERHEAT 

PROTECTORS 
Protect transformers, solenoids, 
electric motors against excessive 
temperatures. Responsive to both 
temperature and current. These 
types are for single-phase inductive 
equipment with maximum continu-
ous operating temperatures up to 
225°C. Maximum rupture capacity 
is 750 amperes, 200 VAC, 400 cycle. 
Available in automatic and non-
automatic reset types. 

NEW KLIXON 7274 
MICRO-MINIATURE 
CIRCUIT BREAKER 

Simple push-pull, trip-free design. 
Available as shown SPST with 6/32 
screw-type terminal or mounting to 
replace PIAF-1357 front-mounted 
fuse. Also SPOT with N/O auxiliary 
contacts and 4 solder terminals. 
Exceptionally small — height 1.420", 
width 0.744", depth 0.562". Ratings 
1/2 to 5 amperes. Ultimate trip 
77°F, 115-145%. 200% trip, 2-15 
seconds. Vibration resistance 10 g's, 
10-500 cps. Shock resistance 25 g's. 
Weight only 0.9 oz. 

NEW KLIXON THREE-PHASE 
INHERENT OVERHEAT 

PROTECTORS 
Designed to match the thermal and 
electrical characteristics of inductive 
equipment, they prevent protected 
components from reaching destruc-
tive temperatures without limiting 
useful output. For 3- phase equip-
ment with maximum continuous 
operating temperatures up to 225°C. 
Maximum rupture capacity is 400 
amperes, 200 V, 400 cycles. Available 
in open and hermetically-sealed 
construction in automatic and non-
automatic reset types. 

factory and in the field will gladly make test appli-
cations of the KLIXON Line. Write for "KLIXON 
Controls for Electronic Equipment, Aircraft and 
Guided Missiles" Catalog. 

M ETALS 8c CONTROLS 
5009 FOREST STREET. ATTLEBORO. MASS.. U. S. A. 

A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 

SPENCER PRODUCTS: Klixone Inherent Overheat Motor Protectors • Motor Starting Relays • Thermostats • Precision Switches • Circuit Breakers 
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Model 271 

Why compromise on your panel 
or switchboard instrumentation? 
SPECIFY WESTON: The finest instruments available ... 

combining long-range economy, lasting quality 

Model 273 

Model 921 

A-C voltmeters 

A-C ammeters 

A-C milliammeters 

A-C rectifier-type instruments 

D-C voltmeters 

D.C. ammeters 

D-C micro- and milliammeters 

D-C millivoltmeters 
Polyphase wattmeters•varmeters 

D-C & single-phase A-C 
wattmeters 

Single & polyphase power 
factor meters 

Frequency meters 

Thermo instruments 

Synchroscopes 

o, 
, r 40 
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The widest range of SHAPES, TYPES and SIZES* 

IF 

20 

Model 610 

Over 70 years' leadership in electrical 
measurement . . . that's the tradition behind 
each of these instruments .. . the reason for 
the world-wide preference they've earned. 
You'll find just the model to meet your switch-
board or panel needs in the Weston Catalog 
— including all versions of the famous instru-
ments pictured on this page. 

A DAYSTROAI UNIT 

IMP 

Model 643 Model 741 

For specifications . . . information . . . or 
the address of your nearest distributor, con-
tact your local Weston representative . . . or 
write to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. In Canada: 
Daystrom Ltd., 840 Caledonia Rd., Toronto 
19, Ont. Export: Daystrom Int1,100 Empire 
St., Newark 12, N. J. 

WESTON 

WORI n I EADER IN MEASUREMENT AND CONTROL 

-1 Weston offers the broadest panel instrument coverage in the industry . . . in terms of shapes, scale lengths, ranges, accuracies, sensitivities and sizes. 
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RI 
WAVEGUIDE 
FERRITE 
ISOLATORS 

Specially designed to offer maximum 

isolation with minimum insertion 

loss, six broadband isolators cover 

a frequency range of 3.95 to 26.5 

KMC/S. 
Conservatively rated at 5 watts, 

these rugged units can dissipate 

FIVE TIMES as much power with 

only temporary electrical character-

istic degradation. 

PRO FREQUENCY MINIMUM LENGTH 
TYPE (KMC/S) ISOLATION (INCHES) 

1205 3.95-5.85 16 db 814 
1204 5.85-8.20 20 db 61/8 
1206 7.05-10.0 24 db 5 
1203 8.20-12.4 30 db 61/4. 

1208 12.4-18.0 24 db 6 
1209 F1 18.0-26.5 24 db 41/2  

Complete specifications on the PRD 

Type 1203, 1204, and 1205 are con-

tained on page A-21 of the PRD Cata-

log E-8. For a copy of this 160 page 

designers' workbook containing data 

on hundreds of quality microwave 

instruments from PRD, the company 

that's FIRST IN MICROWAVES, 

send your request on your company 

letterhead please. 

If you want specifications on PRD 

Waveguide Ferrite Isolators, simply 

fill out inquiry card in this magazine. 

POLYTECHNIC RESEARCH 
• & DEVELOPMENT CO., INC. 

Factory & General Office: 
202 Tillary St., Brooklyn 1, N. Y. 

Ulster 2-6800 
Western Sales Office: 
2639 So. La Cienega Blvd., los Angeles 34, Calif. 

TExas 0-1940 

MARKET RESEARCH 

New Statistical 
WITH THE REVISED Standard Indus-

trial Classification manual unlock-
ing the floodgates, a new stream of 
electronics industry market statis-

tics will soon be flowing. 
Bureau of Census will issue its 

first preliminary industry report on 
the 1958 Census of Manufactures 

in December. All preliminary re-
ports on electronics industry prod-
ucts will be issued between Decem-
ber and the following March, says 
Clarence Olsen of the Bureau's 
Industry Division. 

Census industry reports, which 
include value of shipments, number 
of employees and establishments 

plus other statistics, are valued for 
their reliability. They are prepared 
from data reported to Census by 
all U. S. manufacturing firms. 

Fills Barren Areas 

The new Census of Manufac-
tures will fill many statistical areas 
that have been nearly barren of 
factual market data since the pre-
ceding 1954 Census. 
For instance, 1958 Census data 

on electrical measuring instru-
ments will fall on electronics in-

dustry market planners like manna 
from heaven. 

Also, the final 1958 industry re-
ports, which will be issued be-
tween May and July of 1960, will 

supply our industry with more 
usable data than the 1954 Census. 
Reason: the final reports will also 
provide data based on the 1957 re-
vised Standard Industrial Classifi-
cation manual. 
The 1957 revision created a 

number of new electronics indus-
try statistical groups, including: 
Radio and TV receiving sets; Ra-
dio and TV transmitting-signal-

ling apparatus; Radio and TV 
receiving tubes—except cathode 
ray; Cathode ray tubes; Trans-

mitting-industrial electron tubes 
and Electronic components. 

New Look 

But this is only part of the 
story. Both the Bureau and other 
divisions of the Department of 
Commerce are looking at the elec-

Facts Coming 
trical-electronics industry in a 
new light. 
Bureau is becoming increasingly 

responsive to industry requests for 
a public source of statistical infor-
mation in the approximately five-
year intervals between issuance of 
major reports. 

It hopes to help plug this five-
year gap by adding more electrical-
electronics industry surveys to its 
annual special survey program. 

Several new electrical-electronic 
products may be introduced to the 
program with surveys of 1959 ac-
tivities. There are good prospects 
that other products from our in-
dustry will be added in future 
years. 

Other Plans 

Also, conversations are now going 
on among Census, Business and 
Defense Services Administration, 
Electronic Production Resources 
Agency and industry trade associ-
ations on ways to provide the in-
dustry with more complete and 
more timely military and industrial 
electronics statistics. 
Government is currently survey-

ing electronic component shipments, 
backlogs through a joint survey by 
EPRA and BDSA. Plans have not 
yet jelled. But new components 
survey could turn out to be an ex-
pansion of the joint survey, or a 
new survey. 

In addition, all government sta-
tistical centers have been knee-deep 
in eorts to penetrate the military 
electronic statistical barrier. 
BDSA is putting finishing touches 

on its first survey of electronic end-
equipment sales. This survey will 
include separate industrial and mil-
itary sales totals. 
EPRA, which just published a 

detailed report on military tran-
sistor requirements, hopes to fol-
low up this effort with similar re-
ports on other products. 

FIGURES OF THE WEEK 

LATEST WEEKLY PRODUCTION FIGURES 

(Source: EIA) 
Sept. 4, 
1959 

Television sets 141,550 

Radio sets, total 369,035 

Auto sets 125,087 

Aug. 7, Change From 
1959 One Year Ago 
121,581 + 25.27% 

184,692 + 34.39% 
39,219 + 36.35% 
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HIGH-SPEED COMPUTER SWITCHING TRANSISTORS 

SILICON DDMT—Double Diffused 
Mesa Transistor ... . now available 
from Hughes to solve your high-speed 

switching problems. This new silicon PNP transistor, which oper-
ates at low and medium current levels, gives you a cut-off fre-
quency greater than 50 megacycles. In addition, Beta—as a 
function of collector current — is flat over 80 per cent of the 
operating range. 

Two other advantages: 1. This Hughes transistor offers you 
all the desirable characteristics inherent in the solid state diffusion 
technique. 2. The tiny flexible leads of its gold plated package 
may be soldered directly into circuits or used with standard 
plug-in sockets. 

This new device, while designed primarily for computers, is also 
an excellent amplifier and oscillator, lending itself to an unusually 
broad range of applications. 

As in all Hughes semiconductor devices, reliability has been 
specifically designed into this mesa transistor. They are manufac-
tured in the new multi-million dollar Hughes Semiconductor facil-
ity .... using the finest equipment and newest techniques. 

Your inquiry regarding these transistors will be given prompt 
attention. Just write or call the Hughes sales office nearest you. 

rt.* 

They are located in: 

Boston, 4 Federal Street; Woburn, Mass.; WElls 3-4824 
Minneapolis, 6121 Excelsior; Minneapolis 16, Minn.; WEst 9-0461 
Newark, 80 Mulberry Street; Newark 2, N. 1.; MArket 3-3520 
San Francisco, 535 Middlefield Road; Palo Alto, Calif.; DA 6-7780 
Syracuse, 224 Harrison Street; Syracuse 2, N. Y.; GRanite 1-0163 
Chicago, 1515 N. Harlem Ave.; Oak Park, Ill.; NAtional 2-0283 
Cincinnati, 816 Swif ton Center; Cincinnati, Ohio; ELmhurst 1-5665 
Philadelphia, 1 Bala Avenue; Bala-Cynwyd, Penn.; MOhawk 4-8365 
Los Angeles, 690 N. Sepulveda; El Segundo, Calif.; OR 8-6125 

Or write, Hughes Products, Marketing Department, 
SEMICONDUCTOR DIVISION, NEWPORT BEACH, CALIFORNIA. 

For export, write: Hughes International, Culver City, Calif. 

SPECI F I CATIONS: Absolute Maximum Ratings (25°C) 

2N1254 2N1255 2N1256 2N1257 2N1258 2N1219 
BVcE0 15V 15V 30V 30V 50V 50V 
BVcoo 15V 15V 30V 30V 50V 50V 
BVEso 5V 5V 5V 5V 50V 3V 
Power Dissipation 250 mw 
Ambient Temperature —65°C 175°C 

SEMICONDUCTOR DIvISION 

Creating a new world with ELECTROÑICS 

1 HUGHES PRODUCTS 

1959. HUGHES AIRCRAFT COMPANY 

SEMICONDUCTOR DEVICES • STORAGE TUBES AND DEVICES • MICROWAVE TUBES • VACUUM TUBES AND COMPONENTS • CRYSTAL FILTERS • MEMO-SCOPE® OSCILLOSCOPES • INDUSTRIAL CONTROL SYSTEMS 
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DOUBLE YOUR RANGE! 
WITH ONLY ONE CHANGE 

You can now double the effective range of 
your X-band or S-band microwave system 
applications with no change in power require-
ments, no change in antennas, no change in 
other system equipment! 

How? By using Hughes PAX-1 or PAS-2B 
backward-wave amplifiers in your microwave 
systems you will achieve noise characteristics 
much lower than from any other traveling-
wave tube. The lower the noise level, the 

longer the effective range! 

Recent advances in electron gun design (re-
sulting from noise phenomena studies con-
ducted by Hughes R & D laboratories) make 
possible the extremely low noise characteris-

ON X-BAND AND S-BAND MICROWAVE SYSTEMS 

--- tics of the Hughes PAX-1 and PAS-2B tubes. 

— In your microwave system applications, these 
— amplifiers alone offer you advantages not 

obtainable by any combination of other low-
- noise devices. 

— Only one voltage to vary...Another impor-
tant feature of the PAX•1 and PAS-2B back-
ward-wave amplifiers is a narrow, electronic-

- ally tunable passband covering the entire 
X- band or S-band spectrum. This feature auto-
matically provides image rejection, excellent 

— selectivity and anti-jamming capability. And, 
_ once the initial setup has been made, only 

the tuning voltage needs to be varied for corn-
_ 

plete operation. 
/ 

SPECIFICATIONS: PAX-1 PAS-2B 
(X•Band) (S- Band) 

Minimum noise figure 4.5 db under 4.0 db 
Gain over 20 db 10.25 db 
Tuning voltage 420.650 v 180.1150v 
Maximum voltage 1500 v 2750 v 
Bandwidth 12 Inc 11 mc 
Input-output isolation over 50 db over 50 db 
Filament power 6 w 10 w 
Magnetic field 1300 gauss 1000 gauss 
Saturation power output 0.2 mw 1 mw 

Write now for detailed specifications on the PAX-1 
and PAS-28: HUGHES PRODUCTS, Electron 
Tube Division, International Airport Station, Los 
Angeles 45, Calif. For export information, write: 
HUGHES INTERNATIONAL, Culver City, Calif. 

ELECTRON TUBE DIVISION 

Creating a new world with ELECTROÑICS 

HUGH ES PRODUCTS 

1 

ITS. HUGH.. AIRCRAFT COMPANY 

SEMICONDUCTOR DEVICES • STORAGE TUBES AND DEVICES • MICROWAVE TUBES • VACUUM TUPES AND COMPONENTS • CRYSTAL FILTERS • MEMO-SCOPE OSCILLOSCOPES • INDUSTRIAL CONTROL SYSTEMS 
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If you're looking for a high-performance crystal filter 
At your service is a group of highly talented Hughes 
Crystal Filter engineers who specialize in solving difficult 
network problems. These men can design and produce a 
crystal filter to meet your most exacting requirements! In 
addition, Hughes offers you tremendous production 
capacity— over 10,000 filters per month of a single type. 
With Hughes Crystal Filters you get: 
Precise Selectivity— Eliminates cross talk between chan-
nels, makes new systems possible. 
Small Size—Reduces overall equipment size, makes filter 
more reliable by eliminating air space, results in higher 
stress factor. 

High Frequency— Saves circuit costs, eliminates the need 
for double conversion. Center frequencies 30 kc to 40 mc. 

Low Passband Ripple—Eliminates errors in information, 
enables end equipment to be more precise. 

Wide Temperature Stability— Provides flexibility of use, 
contributes to high reliability. 

Low Insertion Loss — Enables system to operate on low 
signal level— thereby combating noise and cutting cir-
cuit costs. 

To avail yourself of the Hughes applications engineer-
ing service, or for additional information concerning 
performance levels please write: HUGHES PRODUCTS, 
Industrial Systems Division, Marketing Dept., Inter-
national Airport Station, Los Angeles 45, California. 
For Export, write: Hughes International, Culver City, 
California. 

See Crystal Filters and other Hughes Products at WESCON: Booths 3012,18. 

Creating a new world with ELECTROINITICS 

I HUGHES PRODUCTS 

 -J 
0 1959. HUGHES AIRCRAFT COMPANY 

SEMICONDUCTOR DEVICES • STORAGE TOPES AND DEVICES • MICROWAVE TUBES • VACUUM TUBES AND COMPONENTS • CRYSTAL FILTER, • MEMO- SCOPE® OuCULOSCOPES • IND,TRIAL CUNTAOL COSTEAS 
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GENERAL ELECTRIC GL-7398* 
VOLUME PRODUCTION, AVAILABLE 

*formerly designated 2-5300 

Voltage-tunable magnetrons 
now available are indicated by 
solid areas. Other develop-
ments are shown by cross-
hatched areas. 
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voltage- tunable magnetron spectrum chart 
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VOLTAGE-TUNABLE MAGNETRON IN 
FOR IMMEDIATE DELIVERY! 

2.0 watts 

Base Line 

The General Electric GL-7398 voltage-
tunable magnetron, a complete RF power 
source ideal for FM modulation, is now in 
volume production and available for imme-
diate delivery. Moreover, samples are cur-
rently available or can be developed by use 
of proved technology to meet any need 
within the frequencies charted on the op-
posite page. The GL-7398 is designed for 
use in many applications, such as: 

FM telemetering or video transmission 

Beacon transmitters 

Local oscillators in electronically tunable radars 

Drivers in pulse- to- pulse frequency- shift radars 

FM altimeters 

Broad-band signal generators 

Countermeasure transmitters 

Drivers for countermeasure amplifiers 

Output frequency can be varied linearly 
over a range of nearly 2 to 1 by sweeping 

2200 mcs 3850 mcs 
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the anode voltage. Power output is rela-
tively flat at a minimum of 2 watts. The 
GL-7398 is a rugged, compact, packaged 
unit with these characteristics: 

Anode voltage at 3 kmc — 1250 volts 

Anode current 

Frequency range 

Tuning rate 

FM rate 

Weight 

— 10-20 ma 

— 2200-3850 mcs 

— approx. 3 mcs/volt 

— 10 mcs or higher 

— 3.1 lbs. 

By use of internal narrow-band circuits, 
a variation ( Z-5321) is available which 
gives a minimum of 10 watts power over a 
200 mc bandwidth at a factory-predeter-
mined centerpoint in the 2 to 4 kmc band. 
Other variations with built-in attenuators 
for local oscillator applications can be sup-
plied (Z-5360 and Z-5266). Power Tube 
Department, General Electric Company, 
Schenectady, New York. 

Typical power — frequency of 
the GL-7398 shows power 
constant over the full band to 
within plus-or-minus 3 db. 

Progress /s Our Most /mporiant Product 

GENERAL E ) ELECTRIC 
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MICRO STAMPING 

COMPANY 

Quality Manufacture depends 

on Quality Materials... 

Quality radio tube stampings for the nation's lead-
ing electron tube manufacturers are fabricated from 
General Plate Clad Metals by Micro Stamping Com-
pany, Maplewood, N. J. . . . one of industry's most 
reliable suppliers. 

Mr. E. A. Ardolina, President of Micro Stamping 
Company, has this to say about General Plate 
materials ... "The General Plate Clad Metals we use are 
satisfactory in every way. Tolerance and consistency are 
always excellent." 

General Plate Clad Metals for tube applications 
include: 

ALIRON® — aluminum alloy clad to both sides of 
low-carbon steel. ALIRON is considerably less ex-

uses General Plate Clad Metals 
pensive than nickel. Its lower density gives approxi-
mately 30% more parts per pound of strip. The inner 
steel layer insures adequate ductility. 
ALNIFER® — low-carbon steel clad on one side with 
aluminum alloy and the other side with grade 330 
nickel. Used for close-spaced tubes. Matte finish 
aluminum blackens during bombardment to pro-
vide maximum radiation properties. 
NIFER® — Grade 330 nickel clad on both sides of 
low-carbon steel. Used as an alternate for pure 
nickel strip. 

For detailed information, write for new catalog, 
"Clad Metals for Semiconductor, Radio Tubes, 
Spring and High Temperature Applications." 

M ETALS ek CONTROLS 
1309 FOREST STREET, ATTLEBORO. MASS.. U.S.A. 

A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
GENERAL PLATE PRODUCTS: Clad Metals . Electrical Contacts • Truflex® Thermostat Metal • Platinum Metals • Reactor Metals • Radio Tube & Transistor Metals 
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... and now you can buy at Factory Prices from your 

RCA INDUSTRIAL TUBE DISTRIBUTOR 

This engineer wanted RCA Industrial Tubes in a hurry. A phone 
call was placed and he got them in a hurry—locally from his RCA 
Industrial Tube Distributor. 

Fast service, in many cases same day delivery, is a practice of 
the RCA Industrial Tube Distributor. And now, he can offer the 
designer and manufacturer of electronic equipment off-the-shelf 
delivery of industrial tubes at factory prices. That's a combina-
tion that's hard to beat—and it only takes a phone call. When 
the need arises for power and gas tubes, industrial receiving 
tubes, photosensitive devices, cathode-ray tubes.., in fact almost 
any RCA industrial-type tube...you can get them fast from your 
RCA Industrial Tube Distributor. Keep him in mind. He's set 
up to give you "one-stop" service for your small production runs 
and laboratory requirements. 

And you'll be pleased with the extra service 
this man offers you: 

• immediate delivery of new RCA developed 
types 

• orders filled from factory-fresh tube stocks 

• practical product information— regularly 

• helpful RCA technical assistance 

•a specialist who understands your prob-
lems and electronic needs 

Give your local RCA Industrial Tube Distrib-
utor a call today. You'll be glad you did. 

RADIO CORPORATION OF AMERICA 
Electron Tube Division Harrison, N. J. 

cj 

Ç For the nome of your nearest 
Industrial Tube Distributor 

call Western Union by ' Phone 
and ask for Operator 25. 
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Only GENERAL CERAMICS offers a complete line of 

HIGH FREQUENCY FERRITE CORES 
Make G-C your single source for a complete line of H- F 

ferrites ranging in frequency from 300 Ice to 220 mc. 

Ferramic® Q-1, Q-2 and Q-3 materials, 
developed and introduced by G-C, fea-
ture exceptionally low losses, tempera-
ture stability and high permeability. 
Whether your ferrite requirement is for 
the commercial entertainment industry, 
military, ground or air borne communi-
cation equipment or industrial electronic 
applications, G-C will meet your needs 
with the broadest line of high frequency 
ferrite materials and in the shapes you 
require. 

This curve demonstrates the exceptional 
qualities of G.C's "Q" family of materials 

—high permeability and low loss. 

Q-2 Material 

10' 
0 vs Frequency 

vs Frequency----. 

fiÏ 
• I  2 

FE RRAMIC• 15 

Q 3 10' 

Q -1 Material 

Ideally suited for IF transformers 
at 455 kc and antenna cores from 
500 kc to 1700 kc. 

Magnetic properties include: Initial 
permeability at 1 mc/sec. — 125; 
Maximum permeability- 400; Satu-
ration flux density-3300 gauss; re-
sidual mag.— 1800 gauss; coercive 
force — 2.1 oersted; temperature co-
efficient of initial permeability — 
.10%/°C max; Curie point — 350°C; 
vol. resistivity — high; loss factor at 
1 mcs/sec. — .000020; loss factor at 
5 mcs/sec.— .000050. 

Standard Ferramic parts in various 
sizes and shapes offer a dependable, 
quick solution to design problems. 
Custom parts can be produced to 
your specifications. Contact General 
Ceramics' engineering advisory 
service. Our staff is ready to dis-
cuss your problems and make rec-
ommendations. This material produces excellent re-

sults in TV receiver IF applications 
at 45 me; and FM radio applications 
at 10.7 me. 

Magnetic properties include: Initial 
permeability at 1 mc/sec.— 40; Max-
imum permeability — 115; Satura-
tion flux density— 2400 gauss; re-
sidual mag. — 750 gauss; coercive 
force- 4.7 oersted; temperature co-
efficient of initial permeability — 
0.10%/°C max; Curie point-450°C; 
vol. resistivity — high loss factor at 
10.0 me/sec.— 0.000085; loss factor 
at 50.0 mc/see.— 0.000017. 

Q-3 Material 

The exceptionally high Q, excellent 
temperature stability and high per-
meability of Q-3 ideally suits it for 
applications in the 88 me-108me FM 
band and television RF frequencies 
from 50 mc-216 mc. 

Preliminary specifications include: Ini-
tial permeability it.— 14 ; Maximum 
permeability — 42; Saturation 
flux density B. — 2600 gauss; Resid-
ual magnetism Br — 1470 gauss; Co-
ercive Force — 21 oersted; Q at 100 
me- 250; Q at 150 me- 150; Q at 
200 me- 70; Resistivity high; Curie 
point 330°C: Temperature coefficient 
of — .09%/°C max. 

 "1 

A New 16-page 

FERRITE PARTS CATALOG 

11•001.01MO 
POINT, 

is available to en-
gineers by request 
on company letter-
head, It contains 
complete engi-
neering data on 
stock parts and 
materials. When 
requesting your 
copy, please ad-
dress Dept. E. 

General Ceramics Corporation Erif,==i1. 
irldUStfIJI CeI21111C5 for Indust.' Progress . Since 1906 

KEASBEY, NEW JERSEY ( Near Perth Amboy) — Telephone: VAlley 6-5100 
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for an extension in Reliability 

engineered... 

CANNON PLUG/HARNESS SYSTEMS 

SINGLE RESPONSIBILITY FOR PERFORMANCE OF PLUG/HARNESS SYSTEMS...RELIABILITY GUARANTEED! 

• CANNON PLUG/HARNESS SYSTEMS are designed and manufac-

tured under rigid, quality-controlled conditions in a separate, 

highly specialized facility completely equipped to handle all 

phases of design, development and manufacture. As a single 

source supplier for both plugs and harness assemblies, Cannon 

can assume complete responsibility for the reliability of the 

"Cannon Plug/Harness System" as a whole. 

• COMPLETE TESTING FACILITIES: Extensive testing equipment is 

also available to duplicate environmental conditions. These in-

clude vibration tests, temperature cycling tests, and heat flux 
tests duplicating heat re-entry conditions. Each system is 100% 

tested for continuity and for high potential and insulation resist-

ance, shorts or grounds as well as humidity, VSWR, contact 

retention, etc. Certified test reports are available. 

• SPECIAL DESIGN SERVICES: Because Cannon is a single source 

supplier of the plugs and completes the termination, it is pos-

sible to select and recommend cables and termination tech-

niques designed to custom-match the proper plug for the 

assembly. The complete assembly can thus be manufactured 

and tested under conditions prohibited to single-source suppliers. 

• FASTER DELIVERY— NO COST PYRAMIDING: A special, separate fa-

cility devoted to umbilical and harnessing production offers the 

most up-to-date production techniques to provide the industry's 

fastest delivery— plus no pyramiding of costs. Customers draw 

on Cannon's capabilities as the world's largest exclusive manu-

facturer of electrical plugs. 

• FIELD TECHNICAL ASSISTANCE Experienced specialized sales en-

gineers are available to discuss and assist customers in the 

technical aspects of plug- harness system requirements prior 

to manufacture and after installation in the field. 

FOR FURTHER' INFORMATION on Cannon Plug/ Harness Systems write 

for Cannon Catalog HC - 1— Cannon Electric Company, 3208 Humboldt 

Street, Los Angeles 31, Calif. Please   

refer to Department 120 

CANNON ELECTRIC COMPANY 

—Factories in Los Angeles, Santa 

Ana, Salem, Toronto. London, Paris, 

Melbourne and Tokyo. 

Distributors and Representatives in 

principal cities of the world. 

CANNON 
PLUGS 
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Picture Flying Arrives 
Integrated instrumentation systems using contact analog display prom-

ise safe all-weather flying for both fixed and rotary-wing aircraft 

By WILLIAM E. BUSHOR 

DALLAS, TEX.— Problems of pre-
senting flight data to aircraft pilots 
are slowly but surely being solved. 
Recent advances were shown at the 
Army-Navy Instrumentation Pro-
gram ( ANIP) symposium held here 
last month. ( See ELECTRONICS, p. 
21, Sept. 18). 

Helicopters 

Demonstrations ( see photo) of a 
contact analog system for instru-
ment flying were given by Bell us-
ing their experimental RH-1 heli-
copter. A picture of the external 
world is presented to the pilot on a 
trichroic combining glass developed 
by North American's Autonetics 
division. The glass acts as a filter 
capable of reflecting one color while 
permitting others to pass through. 
The image projected on the tri-
chroic glass is formed by an op-
tomechanical generator designed by 
Bell. 
The pattern is continuously 

varied by altitude signals from 
Bendix-Pacific's sonic altimeter; 
roll, pitch and heading signals from 
conventional vertical and direc-
tional gyros; and velocity signals 
from Ryan's Doppler radar. All 
these motions are shown as an in-
tegrated picture. Thus the pilot can 
judge attitude, altitude, ground 
speed and compass heading. 
During a demonstration flight in 

the RH-I, I was able at all times to 
orient myself without reference to 
the outside world. Although judg-
ment of ground speed was some-
what difficult, experienced heli-
copter pilots have flown and landed 
blind. One item needing further de-
velopment is the altitude display— 
I found it extremely difficult to de-
tect changes in vertical position of 
the aircraft. 

Bell also displayed the RH-2 heli-
copter used as a research tool for 

eat 

Author tries contact analog flying. Special glasses make screen image more distinct 

evaluating performance of new in-
struments, controls and systems. A 
forward-looking obstacle radar sys-
tem built by DuMont was shown 
installed in the RH-2. This system 
is a pulsed radar in the millimeter 
wavelength region which permits 
flight under zero-zero weather con-
ditions at altitudes as low as 20 ft. 
I noticed that the. radar was able 
to detect with good resolution 
close-in objects, such as other heli-
copters parked immediately in 
front. A narrow beam-width and 
nearly hemispherical field of view 
are required. 

Sensors 

A new technique for air-speed 
measurement using radar and 
acoustics was shown by Midwest 
Research Institute. The system, 
unlike the conventional pitot tube, 
will be able to reach out beyond dis-
turbed air mass produced by heli-
copter rotary wings. An acoustic 

wave and g radar beam are sent 
out. The radar beam is reflected by 
the acoustic wave; the frequency of 
the electromagnetic energy re-
turned is automatically interpreted 
to give the pilot an instantaneous, 
accurate reading of air-speed. This 
technique also has meteorological 
applications. 

Displays 

Avion division of ACF described 
a device which automatically cor-
relates information fed into it by 
navigation computers and instru-
ments, and presents a tv picture in 
the form of a map of the terrain 
below the plane. An image of the 
plane projected over the map cor-
responds to the exact position of 
the aircraft. 

Another unit shown was a 
ground-plane generator built by 
DuMont. Its crt display simulates 
the earth's surface by coordinate 
grid lines of uniform spacing. Sys-
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tern contains high-speed analog 
computers capable of solving the 
equations required to describe the 
six kinds of helicopter motion: roll, 
pitch, yaw, change in altitude and 
translation in two directions rela-
tive to the earth. The pattern pre-
sented moves with the aircraft. 
The radar data converter system 

developed by DuMont converts. 
radar signals into tv-like displays 
and allows pilots to perceive depth 
of surrounding space outside air-
craft. System receives antenna 
pointing angles and target range 
from a special radar system. This 
information is stored in two electro-
static storage tubes alternately 

storing, reading out and erasing on 
successive antenna scans. Readout 
is accomplished by tv scan at stand-
ard EIA rates. Display appears 
as standard lap-dissolved picture 
where the output of one storage 
tube is dissolved into the output of 
the other. Apparent target range 
information is provided through a 
process of intensity coding of the 
targets; close targets are brightest; 
brightness decreases as range in-
creases. 

Supporting Research 

Va ro M;inufacturing it; exerting 
research efforts towards developing 
ultimate microcircuits through op-
timum utilization of electrical, 
magnetic and other properties of 
matter, and through elimination of 
all superfluous nonfunctional ma-
terials. Varo is also striving to ob-
tain a high degree of reliability by 
reducing process contamination, 

eliminating mechanical junctions 
and removing human factors in 
fabrication and assembly. 

Laboratory for Electronics is 
studying micromagnetic properties 
of vacuum-evaporated thin films 
and the dependence of these prop-
erties on other controllable or meas-
ureable characteristics. Practical 
objective is a new class of storage 
and display devices which depend 
on the detailed properties of domain 
walls and their motion. Such de-
vices are expected to be extremely 
compact, rugged and simple. 

Servomechanisms, Inc., is re-
searching thermoelectric materials 
with relatively high conversion effi-

STRIP 
CHART RECORDER ti 

WITH PUSH BUTTON SPEED CONTROL 

The Model 80 AUTOGRAF is a completely new laboratory type 
strip-chart recorder featuring instantaneous control of all operating 
functions. No gears to change, just push a button to select any one — 
of six different chart speeds. Start or stop chart, raise or lower .7r"'""'" y 
ink pen, locally or remotely. Glass door protected chart transport ' 
is mounted on a roll-out carriage for convenient chart service lielelen0 

Specifications 

Input Ranges: 5 MV to 100 volts in 10 cali-
brated steps plus transfer 
switch for stepless control. 

Zero Positioning: Full range zero set and one 
full scale of suppression. 

Input Resistance: 200,000 ohms/volt through 10 
volt range; 2 megohms on all 
higher ranges. 

Sensitivity: 0.05% of full scale. 
Accuracy and 
Resolution: 0,25%. 

Sales 

representatives 

in all 

principal areas 

Pen Speed: 

Standardization: 

Chart Speeds: 

Chart: 

Amplifier: 

Dimensions, 

Up to 1/4 second for full scale 
pen travel. 

Continuous precision electronic 
reference. 

2, 4, 6, 8, 15, and 60 inches/ 
minute; other speed combina-
tions available. 

Standard 120 foot roll; approx. 
10"x 6" visible area. 

Chopper input type. 

101/2 " high; 161/2 " deep, Stand-
ard 19" rack mounting. 

Our catalog includes a complete line of 
X-Y Recorders and Data Reduction Accossc ,Mç. 
We will be glad to send you one. 

F. L. MOSELEY CO. 
409 N. Fair Oaks Ave., Pasadena, California (Continued on p 43) 
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DEFINITELY DEPENDABLE! 

Aerocom's Dual Automatic Radio Beacon 

Reliability is built into every part of this 
dual 1000-watt aerophare unit. Ruggedly 
constructed and conservatively rated, it 
provides trouble-free unattended service, 
and at truly low operating and mainte-
nance cost. It operates in the frequency 
range 200-415 kcs, using plug-in crystal 
for desired frequency. 

Uses single phase power supply, nomi-
nal 220 volts, 50 or 60 cycles. Consists of 
two 1 kw transmitters with 2 keyers, 
automatic transfer unit and weatherproof 
antenna tuner. Each transmitter housed 
in separate fan ventilated rack cabinet, 
with controls in center rack cabinet. 

Nominal carrier power is 1000 watts. 

High level plate modulation of final am-
plifier is used, providing any desired level 
of modulation up to 100%. P-T switch 
interrupts tone, permitting voice opera-
tion. Operates in ambient temperatures 
from -35°C to 55°C, humidity up to 95%. 

Standby transmitter is placed in opera-
tion when main transmitter suffers loss 
(or low level) of carrier power or modu-
lation, or continuous (30 sec.) tone, or 
carrier frequency change of 5 kcs or 
more. Audible indication in monitoring 
receiver tells when standby transmitter 
is in operation. 

Antenna may be either vertical tower 
or symmetrical T type. 

Also avouable ;n 
50 WATT 
100 WATT 
400 WATT 

and 
4 KILOWATT 

models 
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VT4 

VT4N 

VT2E 

Popular, small Model VT2 (with overvoltage). Volts 
output: 0-120/132; amps output: 1.5... Model VT2N 
(without overvoltage). Volts output: 0-120; amps 
output: 1.8. This model delivers more current than 
existing transformers of comparable size and price. 

VT4E VT4F 

Models VT4 and VT4N provide output capacity greater 
than other units of comparable size and price. Model 
VT4 (with overvoltage). Volts output: 0-120/140; 
amps output 3.5 . . . Model VT4N (without over-
voltage). Volts output: 0-120; amps output: 4.75-

 -111111,11MBIMIMIr 
H mllitt,® VARIABLE TRANSFORMERS 

IC Complete Line Now Available 
from Stock 

Models VT8 and VTalloffer the heavy capacity demanded for general laboratory and industrial applica-
tions. Model VT8 (with overvoltage). Volts output: 0-120/140; amps output: 7.5 . . . Model VT8N 
(without overvoltage). Volts output: 0-120; amps output 10.0. Units available for 240-volt input also. 

Now you can get fast delivery from stock on 35 different 
models of Ohmite variable transformers. This newly ex-
panded selection covers a high percentage of industrial 
needs. In it you will find single and three-phase units, two 
and three-in-tandem assemblies ( not shown above), plus a 
variety of other cased and uncased models. 

Ohmite "v.t." variable transformers combine fresh think-
ing in design with traditional Ohmite quality. For example, 

Write for NEW Stock Catalog 30. 

oO 
RHEOSTATS RESISTORS RELAYS 

TAP SWITCHES TANTALUM CAPACITORS DIODES 

VARIABLE TRANSFORMERS R. F. CHOKES 

positive current transfer is achieved with direct brush to 
slip-ring, pig-tailed connection. Adjustable shafts on sizes 
VT4 and VT8 extend either to the brush or the base side. 
These two models also are interchangeable with competitive 
makes of comparable ratings. The "N" types in all three 
models provide additional current without overvoltage. The 
next time you need variable transformers, select from the 
line with advanced design—Ohmite. 

OHMITE MANUFACTURING COMPANY 
3610 Howard Street, Skokie, Illinois 

W.nAnnftAK.nn . n M.n. ••• • ••• • .••• ••• • • • •••• • • 



Measure dc currents 
0.3 ma to 1 ampere 

with 

No Breaking of Leads 
No DC Connection 
No Circuit Loading 

4284 CLIP-ON 

MILLIAMMETER. 

Think of the measuring convenience, time saved 
and accuracy gained when you don't have to break 
into a circuit, solder on a connection, or worry 
about probe loading. 

With the $ 428A Milliammeter and its new probe, 
you literally "clamp around" and read! You get 
maximum accuracy because there is no effective 
circuit loading from the 428A's dc probe. The in-
strument easily measures dc currents in the pres-
ence of ac. And insulation is more than adequate 
to insure safe measurements at all normal voltage 
levels. 

For extremely low current level measurement, sen-
sitivity can be increased by looping the conductor 
through the "jaws" of the 428A probe two or more 
times. 

Brief specifications are given here; for complete 
details and demonstration on your bench, call your 
$ representative or write direct. 

Probe clamps AROUND wire; measures by sensing magnetic field! 

Specifications 

Current Range: Less than 0.3 ma to 1 amp, 6 ranges. 
Full scale readings from 3 ma to 1 amp: 3 ma, 10 ma, 
30 ma, 100 ma, 300 ma, 1 amp. 
Accuracy: -± 3% -±- 0.1 ma. 
Probe Inductance: Less than 0.5 ah maximum. 
Probe Induced Voltage: Less than 15 mv peak. 
Effects of ac in circuit: Ac with peak value less than 
full scale affects accuracy less than 2% at frequen-
cies different from the carrier (40 KC) and its har-
monics. 
Power: 115/230 v -±- 10%, 50-60 cps, 70 watts. 
Size: Cabinet mount, 71/2" wide, 111/2" high, 141/4" 
deep. Weight 19 pounds. Rack mount, 19" wide, 7" 
high, 121/2' deep. Weight 24 pounds. 
Probe Tip Size: Approximately 5/8" x 7/16". Wire 
aperture diameter 3/16". 
Price: (Cabinet) $475.00; (Rack) $480.00. 

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

HEWLETT-PACKARD COMPANY 
1005A PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

HEWLETT-PACKARD S.A., RUE VIEUX BILLARD NO. 1, 
GENEVA, SWITZERLAND 

CABLE " HEWPAKSA" • TEL. NO. (022) 26. 43. 36 
CABLE "HEWPACK" • DAVENPORT 5-4451 
Field representatives in all principal areas 

6058 

Test the new 405A DC Digital Voltmeter 
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Beacon Extends Radar Range 

First radar beacon in FAA's plan for positive air-

ways control goes into New York area 

IMPORTANT ADVANCE in positive air-
traffic control was registered earlier 
this month with the dedication in 
New York of Federal Aviation 
Agency's air-traffic control radar 
beacon system. 

First four beacons, implementing 
already-installed long-range and 
airport-surveillance radars, went 
into the ever-problematical New 
York complex of airports—one each 
at Newark, LaGuardia and New 
York International ( Idlewild), and 
the fourth at the New York Air 
Route Traffic Control Center, also 
at Idlewild. 

These four cost substantially 
more than the quarter-million-dol-
lar price tag to be put on the pro-
duction models of the beacon. The 
higher initial costs paid for a lot 
of test, evaluation and R&D, includ-
ing development of a "defruiter" to 
keep the clutter from other beacons 
(called fruit) off the scopes. Air-
borne Instruments Laboratory divi-
sion of Cutler-Hammer worked with 

Picture Flying . . . 
(Continued from p 39) 

ciency. Much effort is directed to-
ward obtaining materials capable 
of retaining thermoelectric prop-
erties at very high temperature. 
Also being studied is the use of 
magnetic domain interaction in thin 
evaporated films as an approach to 
digital logic and memory elements. 
Success of such studies should do 
much to miniaturize digital circuits 
and increase their reliability. 
An ANIF research team made up 

of Douglas Aircraft, Servomecha-
nisms, Varo and Litton is develop-
ing the RV-2 airborne digital com-
puter, which will use principles of 
magnetic-domain interaction. This 
computer is scheduled for comple-
tion in approximately two years. 

FAA staff in the testing, evaluation 
and R&D. 

Coherent Defruiter 

The defruiter developed by AIL 
is a coherence device. The trans-
ponder returns a four-bit answer 
upon interrogation from the 
ground; the four bits are bracketed 
by spacing pulses. The bracket 
pulses are compared against a 
stored record of the transmitted in-
terrogation pulse. If successive 
bracket pulses do not match suc-
cessive interrogation pulses, the re-
sponse is junked. If they do match, 
a blip is artificially prepared for the 
ppi display. 

Since there are relatively few 
transponder-equipped planes flying 
(aside from military craft), and 
since many general-aviation craft 
may never be properly equipped, the 
system also presents primary radar 
returns. The primary return sig-
nal is delayed suitably to match the 
delay introduced by the transponder 
and the two sets of returns are 
superimposed on a common ppi dis-
play. 

Secondary returns ( beacon sig-
nals) are larger and clearer than 
primary returns from the same dis-
tance. Further, the 63 codes per-
mitted by the four-bit answer can 
be used to communicate informa-
tion—altitude, identification, posi-
tion, states of emergency—as the 
need for this information becomes 
more clearly established. 

Experience to date indicates that 
range of airport surveillance radars 
can be extended from 30 to 50 
nautical miles by the beacon, and 
range of terminal-area radars can 
be extended from 90 to 120 nauti-
cal miles at 10,000 ft. The beacon 
is a lower L-band system. 

Joseph Tippets, who runs FAA's 
Bureau of Facilities, said that his 
bureau will spend some $150-to-
$200-million annually during the 
next few years for buying new con-

trol gear—"principally electronic 
gear." By the end of fiscal 1961, 
FAA will have spent upwards of $1 
billion for new facilities, he added, 
pointing out that by then, spending 
for sophisticated air-ground com-
munications and navigation aids 
will have only begun. 

Radar beacon systems will be 
added to all long-range radars 
(whether FAA's or USAF's) which 
cover high-altitude flights; they 
will be working at the 13 air-route 
control centers before the end of 
this year. Then, as a second prior-
ity, they will be installed at the 
180-odd terminal radar locations. 
This will mean about 250 beacon 

installations for FAA, which adds 
up to about $70 million for ground 
stations alone. Airborne transpond-
ers cost about $2,000, and there 
doesn't seem to be much chance, 
ELECTRONICS learned, that the price 
can be substantially reduced. 
Few commercial craft are pres-

ently equipped with the needed air-
borne transponder. Eastern Air-
lines has outfitted its fleet, and a 
few other flag craft are outfitted, 
for a total of about 200 transpond-
ers thus far. The 600 transponders 
now on order will outfit about a 
third of the carrier fleet. New com-
mercial craft will come from fac-
tory with transponders installed. 

King Klystron 

Multi-million watt klystron is being placed 
in new Sage radar system. The tube, de-
veloped jointly by GE and the Air Research 
and Development Command's Rome Air 
Development Center, will produce hun-
dreds of times more power than the radar 
used to beam pulses to moon and back 
in 1946 
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(left) Shock Machine SM-010, 
with shock pulses up to 1000 g's, 
meets rigid specifications of WS-
107A-2 Environmental Test Re-
quirements for ballistic missile 
components. 
(above) Acoustic Noise Generator 
AG-012, producing up to 163 db 
of random noise, can be used 
singly or in systems with other 
speakers to meet specific testing 
requirements. 

(right) Environmental Test Fixture 
(two vievià shown) Is compact 
and versatile. Handles several 
specimens along three mutually 
perpendicular axes. Mounts on 
standard vibration exciters, cen-
trifuges and shock machines. 

n 

NOW AVAILABLE... AVAILABLE... 

USE-PROVEN ENVIRONMENTAL TEST EQUIPMENT 
A vco test equipment meets severe environmental testing requirements of ballistic missile program 

SHOCK TESTING. Shock Test Machine SM-010, first in a 

series of Avco-developed and use-proven shock test machines, 

answers broad categories of testing requirements. 

• Produces shock pulses up to 
1000 g's 

• Handles specimen loads up to 
100 pounds 

• Provides sawtooth, quarter-
sine, half-sine, square and tri-
angular pulses 

• Designed to permit easy du-
plication of particular shock 
pulse for repetitive testing 

• Use-proven in qualification 

testing of electronic and elec-
tromechanical units for major 
missile program 

• Occupies less than four square 
feet of floor space 

• Incorporates operator safety 
features 

• Shock pulses easily modified 
by changing lead pellet or rub-
ber pad decelerators 

• Provides capability 
cling for life testing 

of recy-

ENVIRONMENTAL TEST FIXTURE. This new unit was designed 
for general environmental lab use and has several advan-

tages over the conventional unit. 

• Mounts on vibration exciters, 
acceleration and shock test 
machines 

• Permits simultaneous testing 
of several small components in 
three planes 

• Both fixtures available in be-
ryllium to meet more stringent 
requirements 

• Virtually resonance-free up to 
2000 cycles 

• Two sizes available: TF-006-1 
(specimen size-6 x 6 x 434 
inches) handles specimens up 
to 6 pounds; TF-025-1 (speci-
men size-12 x 12 x 934 inches) 
handles specimens up to 25 
pounds 

ACOUSTIC NOISE TESTING SYSTEMS. Avco has pioneered in. 

the development of these systems, featuring the Avco 

Acoustic Noise Generator AG-012. 

• First noise generator to dupli-
cate random noise of rocket 
engine firing 

• Produces up to 160±3 db of 
random noise into a 4-inch 
progressive wave tube, there-
by providing most powerful 
single electrodynamic loud-
speaker available 

• Peak single frequency of 170 
db at 200 cycles per second 

• Adaptors available for chang-
ing to 4-, 6-, 12-, 18-inch plane 
wave tubes in minutes 

• Single electrodynamic loud-
speaker offers maintenance ad-

vantages over multispeaker 
systems 

• Designed for operation with 

existing vibration amplifiers— 
no additional capital equip-
ment required 
• Single Avco Noise Generator 
permits tests formerly requir-
ing up to 50 speakers 
• Single Avco AG - 012 becomes 
heart of complete noise testing 
system 

• Designed for progressive wave 
and reverberant chamber test-
ing 
• Frequency range from 20 to 
2400 cps 

Avco's line of Environmental Test Equipment is fully repre-

sented by local agents throughout the continental United 
States and the world. For further information write: 
Products and Services Department, Research and Advanced 

Development Division, Auco Corporation, Wilmington, Mass. 

11/C0 
geseech f idyanced De/elegy" 
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MOW Mt COA OIL Plitjüler 90 at AC? 

SPECIAL EDUCATION PROGRAMS 

DEVELOP CAREERS 

PROGRAM C 

gip fie 

ENGINEERING SUPERVISORS 

V A 

PROGRAM B 

( EXPERIENCED ENGINEERS 

PROGRAM A 

I 

RECENT GRADUATE ENGINEERS 

SPARK PLUG 

11)VANCED R&D GROUP 

AC's instrumentation projects offer you a bright 
future of growth and job satisfaction, if you qualify. 
You can work on the AChiever inertial guidance 
system or many other electromechanical, optical and 
infra- red devices. The finest " in house" training pro-
grams are available to you. And AC's new R & D 
group assures a position of leadership in space age 
developments. 

Three advanced education programs can help you 
enhance your professional status. AC offers them in 
addition to their educational assistance programs for 
men who wish to study for advanced degrees in 
nearby universities. 

Program A—for recent graduate engineers— gives 
you a solid foundation in the theory and application 
of inertial guidance systems and servomechanisms. 

Program B — for experienced engineers—consists of 
upgrading studies in inertial guidance, servomecha-
nisms, environmental problems, engineering math and 
physics, plus advanced state-of-the-art courses. 

Program C— for all engineering supervisors— involves 
management training developed by a team of AC 
executives and University of Chicago industrial rela-

tions experts. 

AC's new R & D Group is devoted to the Research 

and Development of advanced systems and com-
ponents. Current programs include many vital projects: 
interplanetary navigation and guidance; digital com-
puter development; advanced inertial sensors; passive 
electromagnetic detection, surveillance and navigation 
systems; guidance systems for ballistic missiles, space 
vehicles and aircraft. 

If you are a graduate engineer in the electronics, 
electrical or mechanical fields, or if you have an ad-
vanced degree in mathematics or physics, you should 

talk with the people at AC. Write the Director of 
Scientific and Professional Employment, Mr. Robert 
Allen, Oak Creek Plant, Box 746, South Milwaukee, 

Wisconsin. 

INERTIAL GUIDANCE SYSTEMS • AFTERBURNER FUEL CONTROLS 

BOMBING NAVIGATIONAL COMPUTERS • GUN-BOMB-ROCKET SIGHTS 

GYRO-ACCELEROMETERS • GYROSCOPES • SPEED SENSITIVE SWITCHES 

SPEED SENSORS • TORCIUEMETERS • VIBACALL • SKYPHONE 

THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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Peerless Electric Blowers perform 
an important and dependable cool-
ing function in radio and radar 
equipment at hundreds of airports 
all over the world. Isolated trans-
mitter equipment guiding aircraft 
in to safe landings must remain 
properly and continually ventilated 
to operate at peak efficiency. We 
are designing and building to cus-
tomer and government specifications 
all the zitne. Whatever your air flow 
requirements or application, it will 
pay you to consult Peerless Electric. 

Contact us today! 

We're interested in your inquiry! 

Electronic Cooling 
Aluminum Construction 

No-Corrosion 

Heavy Machinery 

Cooling 
Insulated For 
Temperatures 

FAN AND BLOWER DIVISION 

THE neitee44-ireectri.i C 0. 
FANS • BLOWERS • MOTORS 

W. MARKET ST. WARREN, OHIO 

Magnetic Ink Sorts 
New electronic data processing system designed 
for banks does not use magnetic tape 

Punched Mylar tape stores instructions 

PAOLI, PA.—This month Bur-
roughs started accepting orders 
for its Visible Record Computer 
(VRC), an electronic data process-
ing system that reads magnetic 
ink characters imprinted on bank 
checks, posts and totals customer 
ledgers without the intermediate 
step of putting the data on magnetic 
tape. 

The company reports 10- systems 
on order. They sell for $217,400, 
rent for $3,975 monthly. Production 

is just starting at Burroughs' 
Plymouth, Mich., plant. First de-
liveries are slated for early 1961. 

Applications 

The system is designed to handle 
checking accounts, or as bankers 
say: demand deposits. In addition 
it is expected to find use in savings 
accounts, mortgage and installment 
loan work. 

The manufacturer says the sys-

tern will pay for itself in a bank 
having 10,000 accounts. Reportedly 
life insurance companies and stores 
with heavy retail charge account 
business are also interested. 
The VRC fills out the Burroughs 

line of automatic data processing 
equipment for banks: mechanical 
bookkeeping machines for very 
small operations, semiautomatic 
Sensitronic machines for larger op-
erations, then the VRC and, finally, 
for large establishments, a mag-
netic-tape record computer ( TRC). 

How VRC Works 

Magnetic ink characters in the 
so-called MICR (Magnetic Ink 
Character Recognition) format 
adopted last year by the American 
Bankers Association automation 
committee are imprinted on checks 
by Burroughs subsidiary Todd. 
Blank checks are imprinted by a 
manual off-line imprinter at the 
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Checks 
bank. Magnetic heads ( one for each 
digit) on a rotating drum sense the 
character. The. signals are stored 
in delay lines and compared with 
character waveforms for recogni-
tion. 
The computer portion of the sys-

tem can perform 4,000 arithmetic 
operations a minute. The program-
ming units are controlled by in-
structions punched into Mylar 
tape; 2,500 steps are available. The 
output printer has 160 character 
positions, prints 200 lines a minute. 
The printer is electronically con-
trolled with a plugboard on console 
to select format. 
The unit uses 5,500 transistors 

of the medium-speed switching and 
audio power types; 50,000 other 
electronic components; and 75,000 
mechanical parts. Basic circuits are 
laid out on some 1,000 printed cir-
cuit cards. Wire-wrap joints are 
used throughout for interconnec-
tion. 

Maintenance is facilitated by a 
panel showing the condition of all 
binary circuits. Dials permit man-
ual set-up of the computer and step-
by-step operation for maintenance 
or troubleshooting. The Mylar tape 
program units are plugable to add 
flexibility to the computer. The sys-
tem reportedly took 100 engineer-
years, cost $5 million to develop. 

Tests Guidance 

'rest console and rate fable, built by 
Amelco, Inc. for Douglas, makes all 
dynamic measurements necessary to 
evaluate the Inertial Guidance Flight 
Controller prior to its installation in the 
Thor IRBM 

eekilitcve 
SPECIALTY SEALS 

High-temperature, Vacuum-tight 

PRECISION- MADE 
ceramic-to- metal hermetic seals 

For high temperatures, severe vibration and shock, 

CerMac Specialty Seals and Housings for semiconduc-

tor devices meet the most critical specifications, and 
are dimensionally accurate and uniform. They are pro-

duced in any quantity by an experienced organization 

employing modern equipment. Careful production con-

trol, inspection and testing assure highest quality. 
Send drawings for quotation. 

Representatives in Principal Cities 

CERAMIC-METAL ASSEMBLIES CORPORATION 

P. 0. Box E- 328 Latrobe, Pennsylvania 

Phone: Latrobe, Keystone 9-1757 
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"I wish I could have done something to help . . ." 

You can do something 

about traffic accidents! Drive safely yourself—obey the 

law. Sure. But you can do a lot more! Traffic accidents affect everybody. 

Reducing them is a community problem. Its solution calls for systematic, 

organized effort and cooperation with public officials — for teamwork and 

leadership. Here is where you cari help. Join with others who are working 

actively to promote safe driving and secure strict enforcement of all traffic 

laws. Make your influence count. Support your local Safety Council! 

Where traffic laws are strictly enforced, deaths go DOWN! 

Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 

48 SEPTEMBER 25, 1959 • ELECTRONICS 



Simplified, Accurate 
Broadband Measurements 
Frequency Range 500 KC to 250 MC 

The integral design of this RF bridge 
eliminates difficulties from leakage, 
hand effects or improper matching 
that can occur when several units 
must be interconnected to make 
measurements. Integrated within the 
250-A are an accurate, continuously 
tuned RF oscillator, high frequency 
bridge, amplifier-detector and null 
indicating meter. Connections to the 
unknown impedance are arranged 
for practically zero lead length. 
Equivalent parallel resistance and 
capacitance are read directly from the 
calibrated dials over the entire range. 

Typical Applications 

The RX meter provides a quick 
accurate means of measuring the RF 
resistance and reactance of a wide 
variety of materials, components and 
circuits. Measurements can also be 
made of the dynamic parameters of 
transistors, vacuum tubes and diodes 
under selected conditions of D.C. bias 
and operating levels. Measurements 
of antennas and antenna systems 
are readily convertible to series 
equivalents or VSWR. Transmission 
line characteristic impedance, 
attenuation and velocity of propaga-
tion are easily determined. 

CO-AX ADAPTER 
KIT TYPE 515-A 
Permits connec-
tion to the RX 
Meter bridge cir-
cuitbf any coaxial 
transmission line 
or fixture fitted 
with a type "N" 
male connector. 
PRICE: $38.50 
FOB Boonton, N. J. 

9* th 
.It/ ANNIVERSARY 

BRC Type 250-A RX Meter... 

Complete, Integrated, Self-contained— 

No External Units Required 

Specifications 

Frequency Range: 500 KC to 250 MC 

Frequency Accuracy: ±1% 

Resistance Range (Rp): 15 to 100,000 ohms (28" scale length) 

Resistance Accuracy: ± [2 — 200 . 

--- frequency (MC); R RX Meter Rp reading (0); 

5000 20 % + 0.2  

Q —   x 10-12 where C = RX Meter Cp reading (pia) 

Resistance Calibration: Increments of approx. 3% throughout 
most of range. 

Capacitance Range (Cp): 0 to 20 gpf (0.1 pf increments) 

Capacitance Accuracy: -I- (0.5 -I- 0.5F2* C° x 10-5)% -I- 0.15 AO 

"F =- frequency (MC); C = RX Meter Cp reading (µµf) 

Capacitance Calibration: 0.1 AO increments. 

Inductance Range (Lp): .001 µh to 100 mh 

Inductance Accuracy: Basic accuracy is capacitance accuracy 
given above. 

Test Voltage: 0 volts D.C. (50 ma permissible thru unknown 
terminals) 

0.1 to 0.5 volts RF (conveniently reducible to 20 mv) 

Price: $1525.00 F.O.B. Boonton, N. J. 

Precision Electronic 
Instruments since 1934 
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General Electric Semiconductor News 

Prices cut another 20% on 

Mass production of SCR's is 
now a reality. The experience, 
skill and manufacturing knowhow 
of General Electric's SCR produc-
tion line is your assurance of de-
pendable quality-controlled SCR's 
—an assurance unmatched by any 
other manufacturer. 
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WHAT THE SCR DOES 
The SCR is a miniature semiconductor device that 
blocks positive forward voltage in its "off" or non-
conducting state. However, by applying a small signal 
to the gate terminal it switches rapidly to a conduct-
ing state and acts like a single junction silicon recti-
fier. It is completely static. arcless and fast. It is 
almost 100% efficient. It contains no mechanisms sub-
ject to wear. As a result, the SCR can switch and con-
trol power either faster, more safely, less expensively 
or more reliably than the many devices it replaces: 
circuit breaker, relay, thyratron. magnetic amplifier, 
rotating amplifier and many others. Among the many 
hundreds of circuit designs are these: 

Superior d-c motor operation from an a-c source. Eliminates motor 
generator sets, tubes or magnetic amplifiers to provide controlled 
d-c. Replaces mechanical speed and direction changers. 

Superior a-c generation from a variable d-c source. First really 
practical method of using static inverters with ratings of several 
kilowatts. 

Simpler conversion to high frequency. SCR converters are small 
and efficient. Extends use of high frequency power where desirable, 
as in fluorescent lighting systems. 

Pulse modulators. Compact, yet rugged replacement for hydrogen 
thyratrons in radar and beacon modulators. 

D-c regulation. Control large blocks of voltage with small losses 
by pulse width modulation. Eliminate bulky rheostats and adjustable 
d-c generators. 

Other applications: Battery charging regulator, transient voltage 
protection, dynamic braking, constant current supply, static switching, 
regulated power supply, d-c to d-c conversion, temperature control. 
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silicon controlled rectifier 
First test data revealed, new circuits developed, 

customer designs move into manufacturing stage 

Prices again have been reduced an average of twenty per-
cent on General Electric's Silicon Controlled Rectifier, pro-
viding greater values to users. These new prices have been 
made possible through expanding production and lower 
manufa luring costs. 

$ 300 

$ 27 5 

$ 250 

$ 200 

$ 17 5 

$ 12 5 

$ 75 

$ 50 

$ 25 

$ 0 

AN ACTUAL PRICE PICTURE 

OF THE G-E C358 (200V) 

CONTROLLED RECTIFIER 

JFMAMJJASONDJFMAMJJASOND,JFMAMJJASOND 

1958 19-59 1960 

GENERAL ELECTRIC 
CONTROLLED RECTIFIER PRICE TREND 

TESTS AND FIELD REPORTS PROVE RELIABILITY 

Reliability of General Electric SCR's has been steadily im-
proved over two years of manufacturing experience. Typical 
test results point to the reliability achieved to date. 

MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 

98% survival after 1000 hours of storage at 125°. 

97% survival after 1000 hours of operation at maximum 
ratings at 125°C. 

No thermal fatigue failures after 30,000 cycles from 
20°C to 135°C and return. 

Less than one percent failures experienced by customers 
(many of which were traced to misapplication). 

SCR NOW BEING USED BY MANY COMPANIES 

The evaluation stage is passing rapidly into the application 
stage. Many products incorporating the SCR are being mar-
keted, for the applications are proved, circuits refined and 
quantity production is a reality. These are just a few of the 
many cases where an SCR is now doing a job more effici-
ently, less expensively, faster or more reliably than previous 
designs: 

Power supplies incorporating transient voltage protec-
tion (for computers). 

Radar modulator. 
Static switch to replace mechanical relay for aircraft. 
Three phase inverter. 
Stage lighting lamp dimming. 

Regulated power supply. 
Battery charging regulator. 
Constant current supply for a magnetic yoke. 

SEND FOR DESIGN INFORMATION 

Detailed application notes and article reprints are available 
for the guidance of designers. Your General Electric Semi-
conductor Sales Representative will be pleased to provide 
you with complete details. Or write to Section S2599, 
Semiconductor Products Dept., General Electric Company, 
Electronics Park, Syracuse, New York. Many local G-E 
Semiconductor Distributors also stock General Electric SCR 
units for fast delivery at factory-low prices. 

Continuous Peak Inverse Voltage ( PIV) 
Transient Peak Inverse Voltage ( Non-Recurrent<5 millisec.) 
RMS Voltage ( Vxms), Sinusoidal 
Average Forward Current (IF) 
Peak One Cycle Surge Current ( li,gia) 
Peak Gate Power 
Average Gate Power 
Peak Gate Current ( 1G) 
Peak Gate Voltage (VG) (forward) 
Storage Temperature 
Operating Temperature 

C35U C35F C35A 
25 50 100 
35 75 150 
17.5 35 70 
Up to 16 amperes 
150 amperes 
5 watts 
0.5 watts 
2 amperes 
10 volts 

—65°C to + 150°C 
—65°C to + 125 °C 

C35G 
150 
225 
105 

C356 
200 
300 
140 

C35H 
250 
350 
175 

C35C 
300 
400 
210 

C35D 
400 volts 
500 volts 
280 volts 

CHARACTERISTICS ( At Maximum Ratings) 
Minimum Forward Breakover Voltage ( Veo) 
Maximum Reverse ( le) or Forward ( Is) Leakage Current ( Full Cycle Average) 
Maximum Forward Voltage ( Vr- 4,a) 
Maximum Gate Current To Fire ( lar) 
Maximum Gate Voltage To Fire ( Var) 
Typical Gate Current To Fire ( la() 

C35U C35F C35A C35G 
25 50 100 150 
6.5 6.5 6.5 6.5 
0.86 volts ( Full Cycle Average) 
25 ma 
3 volts 
10 ma at + 1 5 volts ( Gate to Cathode Voltage) 

C358 C35H 
200 250 

6.0 55 

C35C 
300 

5.0 

C35D 
400 volts 

4.0 ma 

C-35 Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes 

ZJ-50 Series—a high- current series now in development, and available on a prototype-sample basis. 

GENERAL ELECTRIC 
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why should you consider 
going to work for Collins Radio? 

7 

You shouldn't if your present job is good 
enough. If it offers you enough indi-
vidual expression, enough satisfaction, 
enough variety, enough incentive. And, 
yes, enough salary. But perhaps some-
thing is lacking. Perhaps you should 
consider Collins. 

Collins has been the creative leader in 
electronics for over 25 years. The reason 
for this leadership is a continuous empha-
sis on advanced research and develop-
ment. The results are impressive steps 
forward in communication and naviga-
tion. Collins was first to develop the radio 
sextant. Collins was first to bounce radio 
signals off the moon. Collins pioneered the 
development of single sideband commu-
nication, and is currently setting up the 
SAC global communication system. 

Collins offers outstanding opportunities 
for professional advancement. Each engi-
neer becomes a valuable specialist, or ob-
tains the broad experience necesssary for 
technical administration. And engineers 
are viewed as Collins' most important 
source of administrative leaders. In ad-
dition, Collins Radio offers you the ad-
vantages of your choice of location and 
project assignment. 

If you are an engineer with a degree in 
EE, ME or Physics, Collins invites you to 
consider applying your talent and experi-
ence toward advancing your career in 
one of the following areas: With Collins 
in Dallas — circuit design, radar, micro-
wave and carrier, telephone transmisssion, 
missile and satellite tracking and com-
munication, airborne communication and 
navigation systems. With Collins in Cedar 

COLLINS= 

Rapids — gyro controls, navigation and 
guidance systems, circuit design, vibra-
tions. With Collins in Burbank — digital 
communication system transistorized cir-
cuit design, component engineering, test 
equipment design, reliability engineering, 
system design, and group project ad-
ministration. U. S. citizenship is required. 

Choose your climate and send your 
resume and home phone number in com-
plete confidence to one of the following: 

L. R. Nuss, Collins Radio Company, 
855 35th St., N.E., Cedar Rapids, Iowa; 

B. E. JEFFRIES, Collins Radio Company, 

1930 Hi-Line Dr., Dallas 7, Texas; or 

R. J. OLSEN, Collins Radio Company, 
2700 W. Olive Ave., Burbank, California. 

COLLINS RADIO COMPANY 
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ELECTRONICS INDUSTRY GROWTH IN DANBURY, CONN. AREA 

EMPLOYEES 

6,000 - 

4,000 - 

2,000 - 

A 

1951 1959 

COMPANIES 

1965 

'Dead' Town Comes to Life 
Electronics industry plays a major role as 

Danbury, Conn., starts booming once more 

DANBURY, CONN.—This is the 
town that died twice. 

This is the town the electronics 
industry, more than any other, is 
bringing back to life—for good. 
The hat industry's departure dec-

ades ago killed the town. The town 
crept back slowly, only to be flat-
tened again by the Connecticut 
floods of 1955. Today the area is 
booming. Here is the part elec-
tronics has played: 

In 1951 two electronics firms here 
employed 100 persons. Today there 
are 23 plants and 2,500 workers. 
And the prediction for 1965 is this: 
35 electronics companies hiring 
6,000 men and women. 

Land, Men Aplenty 

Danbury has used no tax gim-
micks, no stunts. It has attracted 
nearly 100 companies to its area in 
the last six years by pointing out 
its prime assets: available land and 
skilled manpower which works best 
under pressure. 

Sixty miles from New York City, 
Danbury is the 13th largest city in 
the state, has an area population 
of 85,000. 
"Danbury and the 14 smaller com-

munities in its area cover 474 
square miles," says Richard C. 
Gram, manager of the city's cham-
ber of commerce. "And we have 
several thousand acres left for new 
companies to build on." 

- 45 

30 

-15 

Of seven companies to pick the 
Danbury area in the past three 
months, five are in the electronics 
industry. By the end of next year, 
electronics firms expect to hire 
1,000 more persons. Our industry 
now accounts for 25 percent of the 
area's 11,000-man labor force. 
Company growth rates have been 

amazing. Data-Control Systems, 
Inc., went from four to 250 workers 
in six months. National Semi-Con-
ductor Corp., just starting with 50 
workers, expects to be hiring 500 
shortly. Consolidated Controls 
Corp. expanded its facilities 75 per-
cent in nine months. 

Electronics companies in the 
greater Danbury area include: 

Reeves Soundcraft Corp.; Sperry 
Products, Inc.; Electronic Fittings 
Corp.; Kanthal Corp.; National 
Semi-Conductor Corp.; Rapid Elec-
tric Corp.; Waltham Precision In-
strument Co.; American Radionic 
Co., Inc.; Boesch Mfg. Co.; Brown 
Engine Products; Colin Campbell 
Co., Inc.; Danbury-Knudsen, Inc. 
div. of Amphenol-Borg Electronics 
Corp.; Data-Controls Systems; 
K-V Transformer Corp.; Republic 
Foil & Metal Mills; Viking Wire 
Co.; Pyno Moulding Corp.; Win-
chester Electronics, Inc.; Plastic 
Molding Corp.; Brandstrom Elec-
tric Co.; Berkshire Transformer 
Corp; Consolidated Controls Corp; 
Mosler Research Products, Inc. 

Using 
Thermistors 

Edited by 

FENWAL ELECTRONICS, INC. 

STABLE THERMISTORS PERMIT 

HIGH CONTROL ACCURACY 

WITH SIMPLE CIRCUITRY 

Circuit shown for the Fenwal 
Electronics' Model 150 Temperature 
Controller is typical. It has a sensi-
tivity of 0.001°C throughout its 
working range! 
New, extremely stable, probes per-

mit full exploitation of thermistors' 
inherently high sensitivity to tem-
perature change. 

Fenwal Model 150 Thermistor Controller 

Operating characteristics of the 
new probes are precisely predictable 
and repeatable over the entire con-
trol range. Furthermore, the large 
change in resistivity of a probe in 
response to a small temperature 
change greatly simplifies circuit de-
sign. (Resistance can change as much 
as 4000 ohms — or more — for a 
change of only 1° in temperature.) In 
most cases, a standard resistance 
bridge circuit is ample for measure-
ment of signal output. 
For full details on thermistors, 

send for Catalog EMC-2. Further 
details on Model 150 also available 
on request. Write FENWAL ELEC-
TRONICS, Inc., 38 Mellen Street, 
Framingham, Mass. And simplify 
your circuit design problems with a 
G200 Experimental Kit of thermis-
tors. Available from Fenwal Distrib-
utors or the Framingham plant. 

êtectronicl. 

Making Precision Thermistors 

to Make Your DesIgn Ideas Come True 
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Reliability of the advanced Hughes systems can be in-
sured only with the equally advanced test equipment 
designed by Hughes El Segundo engineers. 

bubble blowing 

This plastic bubble protects the antenna of a 
radically new aerial three-dimensional radar 
defense system. 

Sensitive to the inadequacies of conventional radar 
systems, engineers at Hughes in Fullerton devised 
a radar antenna whose pointing direction is made 
sensitive to the frequency of the electromagnetic 
energy applied to the antenna. This advanced tech-
nique allows simultaneous detection of range, bear-
ing and altitude...with a single antenna. 

Hughes engineers combined this radar antenna with 
"vest-pocket sized" data processors to co-ordinate 
antiaircraft missile firing. These unique data proc-
essing systems provide: 

1. Speed—Complex electronic missile firing data was 
designed to travel through the system in milli-
seconds, assuring "up-to-date" pinpoint position-
ing of hostile aircraft. 

2. Mobility—Hughes engineers "ruggedized" and 
miniaturized the system so that it could be mounted 
into standard army trucks which could be de-
ployed to meet almost any combat problem—even 
in rugged terrain. 

3. Reliability — By using digital data transmission 
techniques, Hughes engineers have greatly re-
duced any possibility of error. 

Result: the most advanced electronics defense 
system in operation! 

Other Hughes projects provide similarly stimulating 
outlets for creative talents. Current areas of Re-
search and Development include advanced airborne 
electronics systems, advanced data processing 
systems, electronic display systems, molecular elec-
tronics, space vehicles, nuclear electronics, electrolu-
minescence, ballistic missiles...and many more. 
Hughes Products, the commercial activity of Hughes, 
has assignments open for imaginative engineers to 
perform research in semiconductor materials and 
electron tubes. 

Whatever your field of interest, you'll find Hughes 
diversity of advanced projects makes Hughes an 
ideal place for you to grow... both professionally 
and personally. 

Newly instituted programs at Hughes have created immediate 
openings for engineers experienced in the following areas: 

Infrared 
Plasma Physics 
Digital Computers 
Field Engineering 
Quartz Crystal Filters 
Communications 

Thin Films 
Microwave Tubes 
Circuit Design & Evaluation 
Systems Design & Analysis 
Logical Design 
Semiconductor Circuit Des. 

Write in confidence to Mr. Mike Welds 
Hughes General Offices, Bldg. 6-DS, Culver City, Calif. 

HUGHES 

HUGHES AIRCRAFT COMPANY 

Culver City. El Segundo, Fullerton, Newport Beach, 
Malibu and Los Angeles, California 
Tucson, Arizona 

The West's 

leader in 

advanced 

ELECTRONICS 

Falcon air-to-air guided missiles, shown in an en-
vironmental strato chamber are being developed and 
manufactured by Hughes engineers in Tucson, Arizona. 
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LAPP COOLING 

GIVES LONGER LIFE 

TO HIGH-POWER 

WATER-COOLED 

Carrying cooling water which must undergo a change in potential Is a 
job best handled by Lapp Porcelain Water Coils. These coils are completely 
vitrified, non-absorbent porcelain, white glazed inside and out, providing 
very low resistance to water flow and eliminating all possibility of contamina-
tion in the water. Assuring positive cooling and long tube life, a Lapp Porce-
lain Water Coil installation represents a permanent investment—a completely 
trouble-free cooling system. 

AIR-COOLED 

Use of Lapp standard-design 
tube supports facilitates circuit design, improves production economy, pro-
vides interchangeability and easy replacement. They are compact, efficient 
and attractive in appearance, with 
polished nickel-plated brass hard-
ware permanently attached ta the 
body. Equipment manufacturers will 
realize a triple service from these 
supports, for they support the tubes 
and act as an insulator, and channel 
air over the fins for maximum cool-
ing of tubes. 

WRITE for Bulletin 301 containing 
complete description and specification 
data. Lapp Insulator Co., Inc., 
158 Sumner Street, Le Roy, New York. 

MEETINGS AHEAD 

Sept. 28-30: Telemetering, National 
Symposium, PGTRC of IRE, Civic 
Auditorium & Whitcomb Hotel, San 
Francisco. 

Sept. 30-Oct. 1: Industrial 'Electronics 
Symposium, PGIE of IRE, AIEE, 
Mellon Inst., Pittsburgh, Pa. 

Oct. 5-7: Communications Symposium, 
National Conf., PGCS of IRE, Hotel 
Utica, Utica, N. Y. 

Oct. 5-9: Society of Motion Picture & 
Television Engineers, Annual Con-
vention, Statler-Hilton Hotel, New 
York City. 

Oct. 5-9: Audio Engineering Society, 
Convention and Exhibit, Hotel New 
Yorker, New York City. 

Oct. 6-7: Value Engineering, EIA, 
Engineering Dept., Univ. of Penn. 
Museum Auditorium, Philadelphia. 

Oct. 6-8: Radio-Interference Reduc-
tion, Annual, Armour Research 
Foundation of Illinois Institute of 
Tech., Chicago. 

Oct. 6-9: High-Temperature Tech-
nology, International Symposium, 
Asilomar Conf. Grounds, Stanford 
Research Inst., Asilomar, Calif. 

Oct. 7-9: Canadian IRE Convention, 
Automotive Building, Exhibition 
Park, Toronto, Canada. 

Oct. 7-9: Vacuum Technology, Na-
tional Symposium, Sheraton Hotel, 
Philadelphia. 

Oct. 11-16: American Institute of 
Electrical Engineers, Fall General 
Meeting, Hotel Morrison, Chicago. 

Oct. 12-14: National Electronics Con-
ference, AIEE, EIA, IRE, SMPTE, 
Hotel Sherman, Chicago. 

Oct. 12-16: Aeronautics and Space 
Administration Inspection, NASA, 
Langley Research Center, Norfolk, 
Va. 

Oct. 19-21: National Academy of 
Sciences, Research Council, URSI-
IRE Fall Meeting, El Cortez Hotel, 
San Diego, Calif. 

Mar. 21-24, 1960: Institute of Radio 
Engineers, National Convention, 
Coliseum & Waldorf-Astoria Hotel, 
New York City. 

There's more news in ON the 
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p. 104. 
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CONNECTIONS 

NEW FUNNEL FLANGE eyelets designed especially as connectors for 
PW boards. Solves two-sided circuitry and solder problems. Speeds 
insertion. Are fed and set automatically on United Machines. 

Eyelets give you unlimited opportunities for savings 
as connectors, fasteners, terminals, bushings, contacts 
for switches and hundreds of similar applications. Only 
with United Eyelets do you have such a wide choice of 
standardized sizes, special designs for cutting costs on 
unusual production problems, combined with a com-
prehensive line of the most versatile eyelet setting ma-
chines available. 

In no other way can you get the flexibility obtainable 
with eyelets at comparable installed costs. Call or write 
us today for more information. Our national sales and 
service organization is ready to help with your most 
.challenging problem. 

NEW MINIATURIZED EYELETS as CUT COSTS WITH SHEARED EYE. 
connectors and fasteners for low cost. LETS as stand-off terminals. Set os 
high speed insertion in components, PW many as 3000 terminals per hour. 
boards, miniature equipment Designed Cuts soldering time too, 
for high speed automatic feeding with 
United Machines. Copper or brass. 

our re po• • 
mg marmot 

only 7 wx. 
el toolo Isr 

41, 

/ 

Simplify design, purchasing, inventory, 
and production. Decide the hole size 
and grip, and set the calculator to End 
the exoct eyelet you need. Send for 
your free copy tOdayl 

, 

Simultaneous multiple eyeleting from either or both sides of machine. 
Typical six eyelet application illustrated. 50 years' experience is your 
assurance of complete dependability. 

NEW EYELET SELECTOR — FREE 

UNITED SHOE MACHINERY CORPORATION 

Boston 7, Massachusetts • Llberty 2-9100 

Branches: Atlanta, Ga. • Chicago, Ill. • Cincinnati, Cleveland, Columbus, Ohio • Dallas, Texas • Harrlsburg, Pa. • Johnson City, N. Y. • Los Angeles, Cold. 

Lynchburg, Va. • Milwaukee, Wisc. • Nashville, Tenn. • New York, N. Y. • Philadelphia, Pa. • Rochester, N. Y. • St. Louis, Mo. 
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Dynamically testing 4,096 

RCA Ferrite Cores... 

final check of " in- process" controls 

RCA 
MEMORY 
PLANES 

Unique memory plane and stack tester dynamically tests every RCA 
core in every RCA plane while the entire stack is being driven ... 
assures extremely high uniformity from core to core. 

This dynamic Plane and Stack Tester at RCA's 
Ferrite Plant in Needham Heights, Massachu-
setts, is one of the most versatile and efficient 
test apparatus of its type in use today. It evalu-
ates each RCA coincident current type of mem-
ory plane and stack under actual use conditions 
and provides 100% testing to your rigid specifi-
cations at typical computer frequencies. During 
tests, two programs are run alternately in the 
machine: first program 1 and then program 2. 
Each program is capable of writing all ones, all 
zeros, the double checkerboard pattern and its 
complement, or the double complemented 
checkerboard. Defective cores are immediately 

detected and identified.., cores with the highest 
ones or lowest zeros, or early or late peaking 
characteristics can also be eliminated to further 
assure uniformity from core to core. 

This testing procedure is another example of 
"in-process" controls employed by RCA in every 
stage from the selection of raw materials to the 
inspection of finished product. For Ferrite Cores, 
Planes, and Stacks to meet your most rigid speci-
fications, contact your local RCA Field Repre-
sentative. For technical data, write RCA Com-
mercial Engineering, Section I-19-NN-4,Somer-
ville, New Jersey. 

RADIO CORPORATION OF AMERICA 
Semiconductor & Materials Division • Somerville, N. J. 

East: 744 Broad Street, Newark, N. J. 
HUmboldt 5-3900 

Northeast: 64 "A'' Street, Needham Heights 94, Mass. 
Hillcrest 4-7200 

East Central: 714 New Center Bldg., Detroit 2, Mich. 
TRinity 5-5600 

Central: Suite 1154, Merchandise Mart Plaza 
Chicago, Ill., WHitehall 4-2900 

West: 6355 E. Washington Blvd. 
Los Angeles, Calif., RAymond 3-8361 

Gov't: 224 N. Wilkinson St., Dayton, Ohio 
BAldwin 6-2366 
1625 " K" Street, N.W., Washington, D.C. 
District 7-1260 
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Developing capacitors for unusual situations 

your job...and trIL:en itY 

Variable Capacitors 
6DOVDCW, capacity ranges 
t3 250 rnmf. Compact con-
struction, uks" wide, 19/u," 
brig, 11/4 6" deep overall. 
Temperature compensat-
ing units NPO. N650 are 
standard. Other tempera-
ture characteristics avail-
aole on special order. 

Cen 
D-5947 

VARIABLE RESISTORS • ELECTRONIC SWITCHES • PACKAGED ELECTRONIC CIRCUITS • CERAMIC CAPACITORS • ENGINEERED CERAMICS 
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CERAMIC 
CAPACITORS 

for difficult applications 

Ceramic capacitors have almost 
unlimited capabilities ... but utiliz-
ing their full potential demands expert 
knowledge not bound to conventional 
approaches. Creative engineering, 
involving new concepts and new 
techniques, can broaden your design 
horizons. 

That kind of creative engineering is a 
cENTRALAB specialty. As specialists 
in ceramic capacitors, CENTRALAB 
engineers have developed units to 

Precision Temperature 
Compensating 
Capacitors 
Hermetically sealed, T.C. 

10 PPM, capacity toler-
ance 1%. Outer shell 
grounded. Available in 50-
3500 mmf range in NPO. 
Other T.C. ratings' pro-
portional. 

meet an enormous variety of difficult 
size and rating requirements beyond 
the scope of oil, mica or vacuum 
capacitors. The unusual designs illus-
trated here are typical of cENTRALAB's 
answers to the problems no-one else 
could solve. A representative group 
of additional specialized units are 
described in Bulletin #42-719. Request 
your free copy of this bulletin today; 
it will stimulate your thinking towards 
making full use of the design poten-
tial of ceramic capacitors. 

High Voltage Capacitor 
12KVOCW, 2000 mmf; 30 
amps at 30 mc. Unit is 6" 
long, r 0.0. Extremely 
flexible design—can be 
made to a wide range of 
dimensions and ratings. 
Units that operate at 125°C. 
without derating can he 
designed. 

DC Blocking 
Capacitor 
10KVDCW,1700 mmf±10%; 
12 amps at 4 mc, 80 amps 
at 30 mc. Measures only .1" 
high and e O.D. at base. 
Ideal for restricted space, 
high reliability applica-
tions, Can be used in par-
ailel to handle large loads. 

Ultra-Miniature 
Capacitor 
3VDCW. .01 mmf G.M.V. 
Capacity change +10° to 
+85°C., 25% maximum. 
Approximately 1/4 " diam-
eter. For transistor, cou-
pling. by-pass, cathode 
and other low voltage. high 
capacity applications. 

A Division of Globe-Union Inc. 
9141 E. KEEFE AVE. • MILWAUKEE 1, WIS. 
In Canada: 669 Bayview Ave., Toronto 17, Ont. 

ELECTRONICS • SEPTEMBER 25, 1959 
CIRCLE 59 O. READER SERVICE CARD 



with 

CONNECTIONS IN ONLY THREE SECONDS 

Wire insertion and anchoring 

Terminal insertion 

Wrapping 

«weft 
Finished connection 

Wrap up wiring jobs fast 

Gardner-Denver 

Research takes the long view as Gardner-
Denver engineers strive to improve exist-
ing products . . . to develop new ones to 
keep ahead of a fast-paced, rapidly grow-
ing industrial world. 

® tools 

Fast, economical, solderless, metal-to-metal electrical connections 
which resist vibration failure and corrosion. That's the solderless 
wrapping method—proved superior by billions of connections 
without a reject. 

With a lightweight, fast-acting Gardner-Denver " Wire-Wrap"e 
tool, you wrap up wiring jobs fast . . . and you get these profit-
building benefits: 

Greater production. Only three seconds total time per solderless 
( oil nect ion. Art Lull connecting time, 1/ 10 second. 
Lower production costs. You eliminate the expense of precise 
process control required by other methods. 

Reduced labor costs. More connections per operator, with less 
fatigue. No faulty connections that require expensive hand repair 
work. 

Higher quality. Mechanically strong connections electrically stable 
—proved most reliable in the industry. 

Write for Bulletin 14-1 

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 

%c 
GAIUDIVER — DENVER 
Gardner- Denver Company, Quincy, Illinois 

In Canada: Gardner- Denver Company ( Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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First of a series of 

complementary power transistor lines 

NEW 
CIRCUIT 

ECONOMIES 
THROUGH 

COMPLEMENTARY 
POWER TRANSISTOR 

PAIRS 
Complementary pairs of CBS NPN and PNP power transistors 
eliminate input and output transformers in push-pull circuits. 
Resulting advantages are many: Economy. Miniaturization. Im. 
proved frequency response. Ease of applying negative feed. 
back. Etc. 

COMPLEMENTARY CLASS B AMPLIFIER 

NOTE THE IDENTICAL DATA FOR THESE NPN-PNP PAIRS 

trIDN 
TYPe 

Max. W. 
piss. 

Max. 
VC/30 : 

Max. 
VCES: 

Min. hr E 
(1c=0.5A) 

Max. 
Thermal 
Res.°C/W 

PNP 
Type 

2N326 7 35 351 30 8 2N1291 
2141292 20 35 30- 30 3 2N1291 
2N1,294 20 60 45 30 3 2111293 
2111296 20 80 60 30 3 2111295 
2N1298 20 100 804 30 3 2111291 

All types have: Max. collector cur est, 3 amps; storage temperature, — 65 to 
+85°C. *25°C base mounting tempe ature. ;Polarity: NPN positive, PNP negative. 
Wes = 1 ma max. : Ices = 10 me, 

A SURVEY of customer applications resulted in this planned 
line of five CBS NPN-PNP pairs that make possible new design 
economies in complementary circuitry. Mounted in the popular 

TO-3 diamond package, they feature high voltages . . . up to 
100 volts, and proven reliability ( they exceed the MIL-T-
19500A specification). They offer the first complete line of com-

plementary power transistors . . . with more coming in flexible 
ranges of ratings and packages . . . for audio, control, voltage-
regulation, servo and computer applications. Check the basic 
simplicity of the circuit and the abbreviated data for this first 
versatile and comprehensive CBS line. Write for complete tech-
nical Bulletin E-332A. 

More reliable products 

through Advanced Engineering 

CBS 
9 

semiconductors 
CBS ELECTRONICS, Semiconductor Operations 

A Division of Columbia Broadcasting System, Inc. 

Sales Offices: Lowell. Massachusetts, 900 Chelmsford St., Glenview 4-0446 • Newark, N.1., 32 Green St., MArket 3-5832 • Melrose Park, III., 1990 No. Mannheim Rd., 

EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 
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a valuable first edition for circuit engineers 

MOTOROLA'S new 

zener diode 

handbook 
Here's the first manual of its kind — 

a 126-page guide to the basic theory, 

design characteristics and applications 

of zener diodes. These versatile, 

voltage-limiting components help 

solve circuit problems. Motorola's 

handbook tells how — and 

describes how the properties of 

these relatively new devices can 

be utilized in countless creative 

applications in industry. 

This handbook is available 
from your nearest 
Motorola Semiconductor 
Distributor for only $1. 
Call or write today for 
your copy! 

THIS FIRST EDITION CONTAINS: 
Nearly 150 illustrations, graphs and tables 
...plus chapters devoted to: 

• Characteristics of Silicon Zener 
Diodes 

• Design Considerations 

• Regulated Power Supplies 

• Surge Protection 

• AC and DC Amplifiers 

• Temperature Compensation 
Impedance Cancellation 

• New Approaches in Zener Diode 1cD 
Applications 

• The Motorola Zener Diode Slide b. 
Rule Calculator 

• Specifications and Testing Methods In 
o-

....... 

AA MOTOROLA 

silicon 
zener diode Pm baro 

theory, design characteristics and applications 

SPECIAL SLIDE RULE AVAILABLE 
For rapid calculations involved in designing circuit 

configurations with Motorola Zener Diodes, use this special 

zener slide rule. It handles most design problems in zener 

applications. Available from your Motorola Semiconductor 

Distributor for just $ 1. 

MOTOROLA SEMICONDUCTOR DISTRIBUTORS 
ALAMOGORDO Radio Specialties, 209 Penn Ave. 
BIRMINGHAM Ack Radio Supply Co., 3101 Fourth Ave., So. 

BOSTON Cramer Electronics, Inc., 811 Boylston St. 
CAMDEN General Radio Supply Co., 600 Penn St 

CEDAR RAPIDS Dees° Inc., 618 First St., N. W. 

CHICAGO  Allied Radio Corp., 100 N. Western Ave. 
Newark Electric Co., 223 W. Madison St. 

CLEVELAND Main Line Cleveland Inc., 1260 E. 38th St. 

DENVER Denver Electronic Supply Co., 1254 Arapahoe St. 
DETROIT Radio Specialties Co., 456 Charlotte Ave. 
HOUSTON Lenert Co., 1420 Hutchins 

JAMAICA, N. Y Lafayette Radio, 165-08 Liberty Ave. 

LOS ANGELES Kierulff Electronics, 820 W. Olympic Blvd. 
MELBOURNE, FLA Electronic Supply, 909 Morningside Dr. 
MIAMI  Electronic Supply, 61 N. E. 9th St. 

NEW YORK Milgray Electronics. 136 Liberty St. 
Lafayette Radio, 100 6th Ave. 

OAKLAND Elmer Electronics, 140 11th st. 
PHOENIX Radio Specialties, 917 N. 7th St. 
SAN DIEGO San Delco, 3821 Park Blvd. 

WASHINGTON, D. C. Electronic Industrial Sales, 2345 Sherman Ave., N.W. -

FOR TECHNICAL INFORMATION on Motorola zener diodes 
and for details on recent price reductions, contact your nearest 
Motorola Semiconductor regional office: 

RIDGEFIELD, N. J. 

540 Bergen Blvd. 
WHitney 5-7500 

(from New York WI 7-2980) 

CHICAGO 39, ILL. 

5234 W. Diversey Ave. 
AVenue 2-4300 

HOLLYWOOD 28, CALIF. 

1741 loar Ave. 

H011ywood 2-0821 

Outside U.S. and Canada: MOTOROLA INTERNATIONAL, S. A. 

4545 W. Augusta Blvd., Chicago, III. 

"orpfrvo,,LF OUALITY-fil OlJANTITY" 

MOTOROLA 
SEMICONDUCTORS 



RELIABLE AL 

Specifying WBD precision 
alloys means quality alloys 
delivered quickly, in the 
quantities you require. 
Backing up the WILBUR B. mww•illi 
DRIVER reputation for 
reliable performance are two 
complete manufacturing 
plants, a fully-equipped 
research and engineering 
facility, sales offices and 
warehouses strategically 
located across the nation, and 
in Canada. When you need 
alloys — in wire, rod, ribbon or 
strip — check with WBD for 
complete dependability! 

WILBUR B. 
DRIVER CO. 
NEWARK 4. NEW JERSEY 
Telephone: FlUmboldt 2.5550 

Branch Offices and Warehouses in Principal 
Cities. Manufacturing Plants: 1875 McCarter 
H'way, Newark 4, N. J. 2734 Industrial Way, 
Santa Maria, California. Canadian Wilbur B. 
,Driver Co., Ltd., Rexclale (Toronto), Canada, 

...ALWAYS AVAILABLE! 

Precision Alloys 
engineering/production facilities 

The WBD vacuum melting 
installation is the 
largest in the industry 

.n 

This entire building 
is devoted to research 
and engineering at WBD 

...nlus fast ÇArvire notion-wide 

regional headquarters 

' Cleveland warehouse 

»Al,ri-r! is a typical WBD 

— West coast manufacturing 
nu EIS plant located in 

it Santa Maria, California 

DE_ Precision Electrical, Electronic, Mechanical and Chemical Alloys for All Requirements 



NATIONAL SAFETY AWARD has 
been won by the plant for the past two 
years. Virginians learn new skills 
quickly. For example, A. S. R. is 
now training its own tool and die 
makers at the plant. 

TRANSFERRED EMPLOYEES 
love the good living and mild climate 
. . . enjoy the hunting, fishing and 
outdoor life. Executives are Virginia 
enthusiasts, too. 

These Companies Benefit 
From PLANTS IN VIRGINIA 

• General Electric Co. 
• I. T. & T. Corp. 
• Dow Chemical Co. 
• Babcock & Wilcox Co. 
• Sperry Piedmont Co. 
• American Oil Co. 
• Allied Chemical Corp. 

Ask Them Why They 
Chose Virginia! 

- 

A. S. R. PRODUCTS PLANT at Staunton, Virginia, 
covers 300,000 square feet. With 138 acres, company 
has ample room for expansion. Products include razors, 
blades, plastics, sterile surgical blades, carpet industry 
blades. 

"Productivity has never been 
so good. Absenteeism has never 
been so low." 

says A.S.R. Products Corporation 
after its move to Virginia 

To make way for a proposed 
civic center, A. S. R. Products had 
to relocate their plant. After 
receiving bids from 50 to 60 locali-
ties, the company made a thorough 
study of 20 to 25 sites. Department 
heads visited the various sites and 
reported on taxes, transportation, 
power, water and many other 
factors. Employing almost 1000 
people, special attention was given 
by A. S. R. to availability of man-

power, the number of schools and 
churches, housing . . . everything 
pertaining to people. After adding 
up the "score" on each site, Staun-
ton, Virginia, won hands down. 
Among the deciding factors were 
Staunton's excellent location as a 
distribution center and Virginia's 
tax laws which, considered in their 
entirety, were found to be very 
reasonable. 

Highest production ever 

But it was after the move that 
the real wisdom of this choice 
became apparent. With almost 
200 employees transferred and 
another 800 hired locally, produc-
tivity jumped so sharply that 
A. S. R. is hesitant to release the 
figure. They will admit that 
absenteeism is 1.8% compared to a 
national average of around 5%. 

In the words of an A. S. R. 
executive, " It's been almost too 
good to be true." 

Let us tell you more about the 
high productivity, the dependability 
of people in Virginia . . . and about 
the many other advantages of 
locating in this state. In confidence, 
phone, wire or write . . . 

C. M. Nicholson, Jr., Commissioner 
DIVISION OF INDUSTRIAL DEVELOPMENT 

Virginia Dept. of Conservation and Economic Development 

State Office Building, Richmond, Va.,Telephone: Milton 4-4111 Ext. 2255 

You, too, can find these... and many 
other great competitive advantages in r VIRGINIA 

Whatever The Season, There's Always A Reason To Visit Virginia 

Lit elDricLit Aid «Ann, CCDVIt-C ("AIM UPTCIVIRF11 9C loco • FLFCTRANIM 
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El Menco's advanced engineering vision ... its rigid adherence to use of the finest 
grade materials ... its complete and exhaustive " Debugging" Tests ... make 
El Menco Dur Micas the unchallenged leaders in capacitor reliability. 

Only the highest-quality materials, only the finest India Ruby Mica films, pretested 
to have the highest insulation resistance, greatest dielectric strength, 
lowest dissipation factor, are used. 

El Menco's dominance in reliability has been proved beyond a doubt through 
"OPERATION DEBUGGING"— the removal of early failures by subjecting mica 
capacitors to a short life test at elevated voltage and temperature ... DM30, 10,000 MMF, 
"Debugged" El Menco Dur-Mica Capacitors, subjected to 257,000 hours of life at 
85 ` C with 100% of the rated DC voltage applied turned in a computed record reliability 
performance of APPROX. 0.6% CUMULATIVE FAILURES OR ONLY I FAILURE 
PER 43 MILLION UNIT-HOURS! 

El Menco Dur-Mica Capacitors have proved their powerful performance under 
accelerated conditions of 11/2 times rated voltage at ambient temperatures of I25°C 
and 150'C— proving longest life, greatest stability, finest performance. 

DM15, DM16, DM19, DM20, DM30, DM40, DM42, DM43 — perfect for extreme minia-
turization; ideal for new miniatured designs and printed wiring circuits. New-" hairpin" 
parallel leads insure easy applications. El Menco Dur-Micas meet and exceed all humidity, 
temperature and life requirements, including military specs. 

Write for 
fREE iarnple 
and catalog 
on your 

634190tI• 

Elfflenco 

D Dm20 M42 

100000±1616 

El•Manco 

DM43 

dal 
FROM GIANT COMPUTERS TO TINY TRANSISTOR RECEIVERS TO 

COMMUNICATION EQUIPMENT ON LAND, SEA AND IN THE AIR . . . 

EL MENCO DUR MICAS DO THE JOB BEST! 

THE ELECTRO MOTIVE MFG. CO., INC. 
Manufacturers of EI.Menco Capacitors 

WILLIMANTIC CONNECTICUT 
• molded mica • dipped mica • mica trimmer • dipped paper 

• tubular paper • ceramic • silvered mica films • ceramic discs 
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Build extra value 

into 

Citizens Band radios 

with Mallory vibrators 

Mobile, two-way Citizens Band radios bring new sim-' 
pficity and convenience to communication for thou-

sands, and open brand new markets for you. 

If you're now building Citizens Band radios or planning 
to, Mallory vibrators deserve a place in your power sup-
ply design. Their exceptionally long life, quiet operation 

and constant output are the result of more than 25 years 
of Mallory pioneering in vibrator design. More Mallory 

vibrators have been used in mobile radios than all other 
makes combined. Mallory engineers have helped de-

velop efficient, economical power supply circuits for 

many set manufacturers. 

Make use of this experience. Let Mallory help you 

choose and apply the vibrator model that best fits your 

needs, as well as assist in the design of your power sup-

ply circuitry. Write today for a get-together with a 
Mallory vibrator specialist. 

Series 1600 Vibrator 
Contact buttons have been eliminated for far 
greater contact area . . . lower rate of erosion 
... steadier voltage. .. and an end to contact 
sticking. Light mechanical mass of vibrating 
reed assures quiet operation. 

Elkon Division, Du Quoin, M. 

Electromagnetic Department 
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FRONT COVER — Shows pupillo-

graph observing the pupillory 

action of a patient 

FIG. 1—Basic optical system without stim-

ulation lamp uses a 500-w projection 

lamp operated at 90 percent of rated 
voltage to prolong its life 

electronics 
SEPTEMBER 25, 1959 
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Recording Pupil Changes 

For Clinical Diagnosis 
Movements of the pupil of the eye are accurately measured by electronic 

pupillograph. Device uses phototube to eliminate delays in obtaining data. Its 

direct writing feature makes it particularly valuable for clinical use 

By GEORGE W. KING, General Prevision Laboratory, Pleasantville, New York 

AN ELECTRONIC PliPILLOGRAPH designed for clinical 

use in the recording and analysis of movements of 
the pupil of the eye has been developed. The measure-
ment of these pupillary changes provides valuable 
information about the condition of the brain stem. 
Earlier pupillographs have involved complex, time-
consuming operations making them unsuitable for 
clinical applications. 

This instrument incorporates accuracy with its 

direct-writing capability. It can plot pupillary di-
ameters with a maximum error of 1 percent of full 

scale. The visible energy required at the patient's eye 
is so low that his dark adaption is not disturbed. 
A scanning unit, amplifier-detector, and recorder 

are the pupillograph's three major components. The 
scanning unit is a flying-spot device in which a rotat-
ing drum with slits in its periphery is used for scan-
ning the eyes and providing timing pulses for a 
cathode-ray tube monitor. In the amplifier-detector 
unit, the signals resulting from scanning the two 
eyes are amplified and converted to d-e analog voltages 
proportional to pupil diameter. These voltages are 
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FIG. 2—Block diagram of single channel of two-channel measuring 
system shows provision for observing the waveform either before 
or after clipping 

recorded as a function of time by two recorders. 
Power supplies and operating controls are in the desk 
which houses the amplifier-detector unit and supports 
the scanning unit. 

SCANNING UNIT—Scanning of the 20-line, 30-
frames- per-second raster is accomplished by slits in 
the periphery of a 10-in, diameter drum driven by a 
synchronous motor at 1,800 rpm. The scanned area is 
about 1 in. wide by in. high at the drum, and each 
scanning slit is 0.060 in. high and 0.015 in. wide. The 
scanned area is evenly illuminated by a 500-watt pro-
jection lamp and f/2 condensing system mounted 
inside the scanning drum as shown in Fig. 1. The 
scanning slits are imaged by two high quality 3-in. 
focal length f/2.3 lenses onto the irises of the patient. 
Optical reduction makes the scanned area about 14 
by 7 mm at the iris. The optical path is split by a 
half-silvered mirror so there can be no geometrical 
dissimilarity in the scanning of the two eyes. 
A Wratten infrared transmitting filter is placed 

ahead of the beam-splitting mirror so the scanning 
energy is essentially invisible to a dark-adapted 
patient. The mirror and lens for the right eye are 
mounted to provide adjustment of interpupillary dis-
tance and to accommodate different elevations of right 
and left eye. The entire scanning unit is mounted on 
a crane which allows adjustment for the height of the 
seated patient and for optical focus. 
Energy reflected from the scanned area of the 

patient's eyes is almost entirely diffused. A portion of 
this energy is picked up by an infrared-sensitive 
phototube through a simple lens. This lens roughly 
focuses the scanned area of the eye on the photo-
cathode of the proper phototube and prevents inter-
ference from the opposite channel. The pickup lens is 
located below the optical axis of the scanning system 
to make sure mirror-like reflections from the surface 
of the cornea occur below the elevation of the scan-

ning line which most nearly covers the horizontal 
diameter of the pupil. 
The upper part of the scanner has dual reflective 
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FIG. 3—Voltage waveforms show phototube output (ts), phototube 
output clipped and amplified ( B), and the sawtooth and detector 
output (C). Time lapse between t,, and tr, is 1.67 milliseconds 

optical paths for each eye, which are used for inser-
tion of the optical stimulation signals and for pro-

viding a red light for fixation of the gaze at a distance 
of 36 in. 

CIRCUIT OPERATION — The system consists of 
two identical channels; a block diagram of one is 
shown in Fig. 2. The voltage waveforms are drawn 
in Fig. 3. The video signal is amplified by a direct 
coupled stage, V, in Fig. 4. The white portion of the 
phototube output (waveform A) is clipped by V,A and 
amplified by a cathode follower for transmission to 
the amplifier and detector chassis. 

Diode D, and its associated resistors reduce the 
gain of the signal channel for signals representing 
regions somewhat lighter than the iris. This nonlinear 
load and the reverse-connected diode V,,, prevent any 
large transient signals from the whites of the eyes 
from causing false back impulses by capacitance 
coupling across V„:,. Gain for the signal channel is 
controlled by changing the supply voltage for the 
dynodes of the multiplier phototube. 

AMPLIFIER-DETECTOR UNIT—The amplifier-de-
tector contains two identical measuring channels, each 
of which has wave shaping and detector circuits. Each 
channel produces an output voltage proportional to 
the diameter of the pupils by peak detection of saw-
tooth voltages whose amplitudes are proportional to 
the time required for the scanning spot to move across 
the pupil of the eye. 
The signal from the pupil is amplified and clipped 

both top and bottom by 17„ which drives the switch or 
gate tube, VIA. Tube V5 sets the potentials in the saw-
tooth generator circuit during the time when the 
scanning spot is at any point other than the pupil. 
While the spot is traversing a pupil, is cutoff, and 
the grid potential of V,5 rises linearly. The charging 
current for C, is constant because the top of the 
charging resistor, is bootstrapped by capacitance 
coupling to the cathode of V,,,. Cathode follower V, 
also provides a low-impedance source to drive the 
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FIG. 4 —C i r c u it diagram of complete system includes the scanning unit and amplifier and detector. Tubes VH, Vi, and V, form a 
tooth generator 

peak detector, 17,„ and its associated R-C load. 
As shown in Fig. 3, these circuits respond to the 

largest black interval during a given period of time. 
The detector discharge time constant is chosen so the 
output voltage can decrease about three times as fast 
as required to follow the maximum rate of change of 
pupillary diameter. Rate of decrease of the analog 
voltage at the detector output is almost independent 
of pupillary diameter because the energy storage 
capacitor C. is discharged at an essentially constant 
rate through a high resistance R, returned to a large 
negative voltage. 

Excellent linearity of response is obtained by the 
use of bootstrapped sawtooth generators to drive the 
detectors. The bandwidth of the signal channels up to 
the sawtooth generators is about 300 kc, which pro-
vides a rise time of about 2 ¿/secs, which is less than 
one fifth that required by the scanning slit to move a 
distance equal to its own width. 

Signal-to-noise ratio is adequate for consistent 
recording of all except albino eyes. Cathode follower 
power amplifier 175 provides a low impedance source 
to drive the output attenuator which reduces the 
5 v/mm pupil diameter analog signal to a level appro-
priate to drive the recorder. The high signal levels in 
the detector and output circuits ensure that the effect 
of changes in heater voltage is negligible. 

MONITORING CHANNELS — Three-inch cathode-
ray tube displays are provided for each channel to 
facilitate optical adjustments and setting of channel 
gain and clipping controls. These displays receive 
timebase signals from sawtooth generators controlled 
by auxiliary vacuum phototubes in the scanner unit. 
The cathode-ray tubes display a picture of the eye 
being scanned when S, in Fig. 6 is in position I, or 
the waveform in the measuring channel at position 2, 
or the signal before the white portion is clipped, 
position 3. 
The two potentiometer-type recorders are mounted 

in a small cabinet which also provides room for spare 
parts storage. The paper for both recorders is driven 

 4 

by a single synchronous motor through a common 
chain and sprocket so that positive time relationship 
between channels is maintained. Paper speed is one 
inch per second and the pupillary diameter scale is 
8.3 mm per 5 in. Linearity error for the recorders is 
less than 1 percent. Hysteresis and dead time do not 
exceed .1. percent of full scale deflection. Full-scale 
response occurs in less than one second. 
When properly calibrated, the device gives readings 

with an accuracy of ± 0.1 mm. Short time stability 
of calibration after a few minutes warm up is such 
that the drift is less than ± 0.05 millimeters during 
an eight-hour day. 

Basic research in these pupillography techniques 
has been done by Otto Lowenstein, M. D., and Irene 
E. Lowenfeld, Ph. D. at the Department of Opthal-
mology ( Laboratory of Pupillography), Columbia 
University College of Physicians and Surgeons, and 

the Institute of Opthalmology, Presbyterian Hospital, 
New York, N. Y. This device was designed for their 
laboratory under grants from the Harriman Fund 
and the U. S. Public Health Service. 
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FIG. 5—Block diagram of single channel of two-channel monitoring 
system shows switch for observing clip and gain as well as a 
picture of the scanned eye in switch position ' 
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Designing Highly Stable 
Transistor Power Supplies 

Summary of design techniques used in making extremely stable low-voltage 

power supplies for transistor circuits. Final circuit described has overall 

stability of plus or minus 250 microvolts and overall drift of less than 40 

microvolts per hour 

By E. BALDINGER and W. CZAJA, Institute of Applied Physics, University of Basle, Switzerland 

CONVENTIONAL TRANSISTOR-STABI-
LIZED power supplies use either 
shunt or series regulation. If the 
rectifiers and line transformer are 
suitably designed, the shunt-type 
circuit cannot be damaged by short 
circuits at the output terminals. 
The rectifier of the shunt-type cir-
cuit may be designed to have high 
efficiency and low cost since it op-
erates at constant load. With no 
load, a high collector dissipation 
may occur within the shunt tran-
sistor. This may be prevented by 
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using a suitable collector resistor 
which in no way influences the 
properties of the device. The low 
overall efficiency ( approximately 
40-percent) is a disadvantage. 

In the series regulator, additional 
circuits must be used to prevent 
overload or damage to the series 
transistor. The control range at 
high voltage is limited by the maxi-
mum ratings of the series tran-
sistor as the absolute values of 
voltage variations increase with in-

creasing input voltages. For a 

S TRANSCONOUCTANCE (mo/v) OF TRANSISTOR 

ebb. APPROXIMATELY CONSTANT 

rie, APIS 'ce PROPORTIONAL TO 1/I, 

FIG. 2—Hybrid 7 transistor equivalent 

FIG. 1—The two principal stabilizing cir-

cuits, shunt ( left) and series ( right) 

FIG. 3—Compensation of a shunt-typo 

power supply 

variable load, the rectifier internal 
resistance makes an important con-
tribution to the input voltage varia-
tions that have to be controlled. 
The circuits to be described show 

methods of improving circuit per-
formance so that highly stable 
power supplies having an overall 
stability of -±-250 eLv and overall 
drift of less than 40 AT/hour at out-
puts up to 17 volts can be designed. 

Basic Circuits 

Basic series and shunt regulating 
circuits are shown in Fig. 1. The 
stabilization factor n is defined as 
the relative change in input voltage 
e‘ to the change in output voltage 
e. produced. 
The expressions for the stabiliza-

tion factor n and the internal re-
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lowering the internal resistance Ri, 
or both, are by compensation or by 
preamplification. 

sistance R, using small-signal pa-
rameters' are also shown in Fig. 1. 
The expressions are accurate under 
the following assumptions: small 
signal behavior of circuit; slow 
variations from equilibrium; and 
7-5, includes the internal resistance 
of the reference voltage source. 
Improved accuracy can be obtained 
by taking into consideration the ap-
proximate working point (collector 
current) dependence of the small 
signal parameters ( see Fig. 2) and 
the internal resistance of the sup-
ply source. Modifications of the 
above expressions are published 
elsewhere'. 

Zener diodes may be used as 
reference elements instead of dry 
cells or similar devices. Cascading 
of an unstabilized power supply 
with a stabilized one may be used 
when high output voltages at high 
load currents are to be stabilized. 
The stability of cascaded supplies 
can be improved by driving the 
transformer of the unstabilized 
source with a servo motor to achieve 
optimum operating conditions for 
the stabilized supply. 
The two basic means of improv-

ing the stabilization factor n or 

Compensation 

Figure 3 shows a simple method 
of improving the stabilization fac-
tor n of a shunt-type power supply. 
For exact compensation, the condi-
tion R, rff Ri/R, > 1 must hold'. 
Exact compensation (e. = 0, or n 
= co) is possible for only one load 
current value. The load current de-
pendence of the output voltage may 
also be compensated, but this may 
be considered as compensation of 
R,. Devices with a negative R, can 
be realized this way. 

Preamplification 

By inserting a preamplifier with 
an amplification factor of A be-

FIG. 6—Output voltage drift for the first 

two hours of operation for circuit of Fig. 5 

FIG. 4—Series stabilized power supply 

FIG. 5—Shunt-type, short-circuit- proof, gen• 
eral-purpose power supply 

tween the base of the transistor 
and the reference voltage shown 
in Fig. 1, both n and R, can be Im-
proved. The stabilization factor n 
is multiplied by A and the internal 
resistance R, is divided by A. 

Stabilized power supplies with 
preamplifiers are complicated feed-
back systems and means must be 
provided to insure system stability 
for all load conditions. In most 

cases it is necessary to limit the 
frequency response by shunting one 
or more of the amplifier stages col-
lector resistances with series R-C 
circuits and by employing a large 
output capacitor. Electrolytic ca-
pacitors are used because their high 
losses at high frequencies produce 
a suitable damping of unwanted 
oscillations produced by abrupt 
changes in the load. 

Comparison 

The circuit with compensation is 
assumed to have a stabilization fac-
tor nt and the one with preamplifi-
cation is assumed to have a stabi-
lization factor n, equal to ni. With 
R,/R << 1 and Ri/R, << 1, then the 
variations with load current of n, 
and 712 are expressed as: 
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6m  I(5112 = A (1 —R ) 
SIL RK 

This equation shows that lb is 
about a factor A more insensitive 
to load current variations than ni. 
This, and the fact that in compen-
sated stabilizing circuits n is sensi-
tive to transistor aging, show that 
a circuit should only be compen-
sated in such a way as to improve 
n by about a factor of five. 

Temperature 

The temperature coefficient of the 
output voltage of the two circuits 
shown in Fig. 1 is small. The emit-
ter junction voltage for constant 
collector current varies linearly 
with the absolute temperature with 
a slope of about —2 to —3 mv/de-
gree C. This slope is a property 
only of the bulk material and de-
pends strongly on the doping ratio. 
In the case where preamplification 
is used to improve /7 and R,, the 
temperature coefficient is mainly 
determined by the temperature co-
efficient of the amplifier and of the 
reference voltage. The contribution 
of the amplifier is kept small, espe-
cially when symmetrical amplifier 
stages are used. 

Stabilized Supplies 

The series stabilizing circuit 
shown in Fig. 4 is of the Middle-
broock type'. This supply is de-
signed for constant output voltage 
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FIG. 7—When a current step ( A) is applied 

to the output terminals of circuit of Fig. 5, 

the response is as shown in ( 8) 
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FIG. 8—Improved power supply showing 
temperature-controller coupling 

and moderately variable load. This 
supply has an output of 15 v, an 
internal resistance of 0.1 ohm, a 
temperature coefficient of 1 mv/ 
degree C, a ripple voltage of 4 mv 
peak to peak and a maximum cur-
rent of 0.5 amp. 

A short-circuit-proof, general-
purpose power supply is shown in 
Fig. 5. This supply has an output 
variable from 1 to 17 v, an internal 
resistance of 0.0005 ohm, a ripple 
voltage of 1 mv peak to peak and a 
maximum current of 2.5 amp at 1 
and 0.8 amp at 17 v. After the 

first two hours of operation the out-
put drift is negligible as shown in 
Fig. 6. One unit was initially set 
at 10 y and after one year of con-
tinuous operation had a drift of 
130 mv. Figure 7 shows the out-
put after the application of a square 
wave. 
The limiting factors for n and R, 

are variation of the reference volt-
age and temperature variations 
within the device. The circuit of 
Fig. 5 can be improved by improv-
ing the reference source and using 
a transistorized thermostat for 
controlling the reference voltage 
source and preamplifier. A block 
diagram is shown in Fig. 8. 

Temperature Control 

The temperature dependence of 
the operating point of a low-power 
transistor is used to drive a power 
transistor which in turn controls 
the temperature controller' shown 
in the improved stabilization circuit 
of Fig. 9. Fixing the base voltage 
of temperature-sensing transistor 
Q, produces a more stable circuit 
over long periods of time than fix-
ing the base current. A low-imped-

F07 500   
2N277 

FIG. 9—Improved stabilized power supp y uses temperature-control circuit for better regulation 
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ance input was provided for the 
first stage. Zener diode DI, together 
with compensation, prevents varia-
tion of the controlled chamber tem-
perature due to variations of supply 
voltages. The internal temperature 
may be varied by changing the 
operating point of the temperature-
sensing transistor. The tempera-
ture control device used in Fig. 9 
has a controlled temperature of ap-
proximately 40 degrees C. A tem-
perature stabilization ratio of 

---- 40 to 50 has 
been achieved. The overall drift of 
the controlled temperature of 40 C 
over a period of one year is 0.4 C. 
Conventional carbon resistors were 
used and no selection was made of 
the transistor. The circuit shown 
in Fig. 9 has a variable output be-
tween 1 and 17 sr, an internal resist-
ance of 1.7 x 10' ohm at d-c and 
less than 0.05 ohm at 500 kc, a 
temperature coefficient of 0.1 mv/ 
degree C and a ripple voltage of 0.1 
mv peak to peak maximum. 

After turning on, 4 to 5 hours 
are required until equilibrium tem-
perature is reached. From that 
time, the overall drift over a 15 
hour period was 36 ev/hour at an 
output of 6 v. 
The circuit shown in Fig. 9 is 

basically the same as that shown 
in Fig. 5 with a different reference 
source. A prestalailizer controls the 
temperature controller as well as a 
stabilizing circuit which serves as 
the voltage reference source. 

Characte ristics 

Figure 10 shows the power sup-
ply output voltage plotted against 
input line voltage changes and load-
ing. The major part of the short-
term fluctuations is due to small 
temperature differences ( 0.05 C or 
less) within the thermostat. 

Figure 11 shows the stabilized 
power supply compared with a lead-
acid storage battery. Both the 
power supply and the battery were 
loaded. The long time period which 
the battery needs to establish 
equilibrium after load removal is 
typical. 
The lead-acid storage battery 

has a time contant of about 
to hour resulting from the time 
required for diffusion of the chemi-
cal reaction products between the 
plates until equilibrium is reached. 

LINE VOLTAGE CHANGED 
FROM 220V to 240V 

1/4 

LINE VOLTAGE CHANGED 
FROM 220V to 200V 

TIME IN HOURS 

LOADED WITH I AMP 

1 / 2 

le,......St•tweeeseffl 

3/4 

FIG. 10—Output characteristics of improved stabilized power supply 
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FIG. 11—Output characteristics of improved power supply compared with lead-acid 

battery ( both 6 v) 

During the preparation of this 
article, an American voltage refer-
ence ( see last entry in Bibliog-
raphy) was called to the authors 
attention. 

This device has excellent stability 
and temperature coefficient, the 
output voltage is practically con-
stant but the output current is 
much smaller having a maximum of 
100 milliamperes. 
There are a number of applica-

tions for this highly-stable power 
supply where up to the present, only 
lead-acid batteries connected in par-
allel with a power supply of poor 
regulation have been used. 

Further consideration of the 

above described circuits show that 
this highly-stable power supply can 
be improved still further. 
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Here's a time delay relay that is adjustable. It can replace synchronous 

timers in industrial control circuits. Accurate relay has instant recycling 

By LEON SZMAUZ and HAL BAKES, Engineering Dept., Heinemann Electric Company, Trenton, New Jersey 

Transistor Time Delay 
A , ADJUSTABLE time delay relay 

using transistors has been de-
veloped for use in various in-
dustrial or other processes. Ad-
vantages of the relay are timing 
repeatability and instant recycling. 

A number of the transistorized time delay relays are used to control a movable table 
for automatically processing a small brass tube 

These factors provide for maxi-
mum speed in automatic operations 
and cut production time. 
One application of the relay is 

automatic cycling, where the relay 
can be used to endurance test other 

relays and contactors. In other ap-
plications the relay can be used to 
replace synchronous timers, with a 
consequent saving in space, weight 
and cost. Delay periods between 
1.5 sec and 30 sec are possible. The 
photograph shows a number of the 
relays used in an automation setup 
where a small brass tube goes 
through the operations of spinning, 
fluxing, placing solder and brazing. 
A considerable saving is effected 
since these operations previously 
required much handling and per-
sonal judgment. 

Basic Operation 

In a typical application, the user 
connects 12 volts d-c to the input 
with an external switch. The cir-
cuit is shown in Fig. 1. As soon as 
switch S closes, transistor Q, con-
ducts, charging capacitor C, 
through the normally closed con-
tacts of K,. Charging rate is con-
trolled by variable resistor R„. To 
simplify analysis, other charging 
resistances will not be considered. 
Transistor Q, is cut off by the ac-
tion of Q, and relay K, is held de-
energized. When the current in the 
R,C, network has dropped to ap-
proxim'ately 37 percent of its maxi-
mum, Q, acts as a switch to connect 
K, across the supply. This actuates 
the relay which remains closed until 
the supply voltage is broken. 
An extra set of contacts on the 

relay connects R across C„ thus 
discharging the capacitor prepara-
tion for the next cycle. When the 
12-volt supply is broken, the circuit 
is instantly ready for another time 
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FIG. 1—Time delay begins when S is closed. Charging current of C, through R and 
01 controls the circuit. Transistor 0, is held cut off until CI charges to the time-delay. 

setting voltage 

FIG. 2—Relay current is a function of V. Relay 
turn-on point occurs between V, and 

for Industrial Control 
delay cycle. 
The circuit consists of two di-

rectly coupled alloy-junction, ger-
manium transistors. Since Q, ( Fig. 
1) serves as a driver and Q2 as a 
switch, the collector saturation 
voltage of Q, must be lower than 
its base to emitter drop. That is, 
when Q„ is saturated, voltage V2 
must be sufficiently low that Q2 is 
effectively cut off. 
Because of direct coupling, the 

collector voltage of Q, is the same 
as the base voltage of Q2, as can be 
seen in Fig. 1. By varying the col-
lector voltage of Q„ the bias voltage 

x100 

o 

37 a 

71 ME IN SEC 

FIG. 3—Charging current of C, and thus 
base current of 0, follows typical ex-
ponential curve 

of Q2 will vary from VA to VB, as 
shown in Fig. 2. If VA is the volt-
age just below or equal to the base 
cutoff bias, and V8 is the forward 
bias at saturation, Q2 will switch 
the relay ON at some intermediate 
voltage. 
The relay coil and the supply 

t'oltage are chosen to give rated 
relay current 1, = Vec/R,,, where 
Ri, is the d-e resistance of the re-
lay. 

Resistor 115 is determined from 

saturation conditions. When Q2 is 
saturated, maximum current is 
flowing through the relay. Under 
these conditions, Q, is not conduct-
ing since its base current has fallen 
to zero (except for a small bias cur-
rent) because C, is not in the circuit. 
The maximum collector current of 
Q2 is I, = $13 = V_IRL. But the. 
maximum value I2 can have is 
V„,/R5. From these equations it can 
easily be shown that R. must be less 
than 13R, if is to reach a specified 
value. 

Timing Circuit 

The simplified timing circuit con-
sists of R, in series with C,. The 
time delay period begins when ex-
ternal switch S is closed. A charg-
ing current begins to flow into C, 
and into the base circuit of Q,. 
Transistor Q, conducts and holds 

the base to emitter voltage of Q2 
to a low value. As C, charges, the 
current through Q, decreases and 
the base voltage of Q2 rises. 

Base current of Qi, ignoring bias 
current, is given by I, = (V00/R5) 
e '""P". The initial base current 
is /„,„,, = V„/R„. This value of 
current is much greater than 
that needed to hold Q, at cutoff. 
Base current h will decrease ex-
ponentially as shown in Fig. 3. For 
fast switching and good timing ac-
curacy, it is desirable that Q2 turn-
on conditions be reached while h 
is still changing rapidly. This con-
dition is met when the time delay 
period is approximately equal to 
the time constant of the network, 
or T R,C,. 

Because of the variation of 
parameters of production lot tran-
sistors, some experimentation with 
component values may be required 
if the best performance of the cir-
cuit is to be obtained. The circuit 
of Fig. 1 is stabilized against minor 
temperature changes. Thus, for the 
condition R2 >> R1 >> R., the cur-
rent through R2 is essentially con-
stant for a given supply' voltage. 
When the emitter current of Q, in-
creases because of an increase in 
temperature, the voltage across R, 
and R. increases. The current 
through R, is therefore larger since 
the voltage drop across it is larger. 
Since the current through R2 is-
constant, base current h must de-
crease. The decrease in I, wîll then 
act to decrease 12 and 15. 

If wide temperature swings are 
expected, compensation can be ob-
tained with nonlinear elements and 
temperature sensitive resistors. 

A diode is placed across the relay 
coil to prevent inductive transients 
which would otherwise appear 
when switch S is opened. Capacitor 
C, at the base of Q, acts as a low 
pass filter and keeps any sudden 
changes from being applied to Q2 
and thus accidentally triggering 
the relay. 

Resistor Rd has a low value and 
is used to discharge C, as soon as 
the relay operates, thus readying 
the circuit for the next operation. 
For appreciable time delays, 

electrolytic capacitors have to be 
used. Tantalum electrolytics should 
be used since they are more stable 
than the aluminum type. 
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Electronic Commutators in 
Variety of sampling speeds and signal capacities are covered by production 

models of electronic commutators. Here is a listing of representative types 

MULTIPLEX TELEMETERING systems of the time-divi-
sion type require at least two commutators: one at 
the transmitter to sample the data to be transmitted 
and another at the receiver to decommutate the data 
so it can be displayed. 
Most of the electronic commutators listed here can 

be used for pam/f-m, pdm/f-m or pdm/p-m time-
sharing systems. An extremely large number of com-
mutating systems is conceivable, but most practical 
telemetering needs can be met with a few simple 
methods. 
Most commonly-used systems are included in the 

Inter-Range Instrumentation Group ( IRIG) recom-
mendation."  2 A survey of telemetering methods, 

equipment and applications, which includes a glossary 
of terms, is also referenced.' 

MODULATION METHODS—Pulse duration modu-
lation systems (pdm) are suitable when all the 
measured parameters are changing slowly and time-
sharing is feasible. Each time the output of the 
transducer is sampled, a pulse of duration propor-
tional to the value of the sample is generated. These 
pulses then serve to modulate the radio-frequency 
transmitter. 

Pulse amplitude modulation systems (pam) are 
also useful when the parameters are slowly changing. 
A pulse of amplitude proportional to the sample 
value is generated as a subcarrier and, again, mod-
ulates the r-f transmitter. 

Table I—Typical Specifications for an Electronic 
Commutator 

Characteristic Specification 

Duty Cycle  

Number of Channels  
Sampling Speed   

Input Signal  
Output Signal  
Output Load   

Accuracy .   
Linearity  

Crosstalk  
Noise  

Dimensions and Weight 

50 percent 
45 

900 samples per second 

0 to 5 volts 
6 volts peak-to-peak 

1 megohm 

1 percent 
0.25 percent of full-scale from 
best straight line 
0.1 percent of full-scale range 
0.01 percent of full-scale range 

5X3 X4 inches, 2.5 pounds 

MIN 

ASC 

BUR 

EMR 
(;Di 

TEL 

Key to Manufacturers 

Arnoux Corp. 

Applied Science Corp. of Princeton 

Burroughs Corp., Electronic Tube Division 

Electro-Mechanical Research, Inc. 

General Devices, Inc. 

Packard Bell Co. 

Telechrome Manufacturing Corp. 

COMMUTATOR OPERATION — A typical elec-
tronic commutator has a master oscillator which 
drives a broken ring binary counter. The counter, 
in turn, sequentially drives diode gate matrixes. 
The diode gates are opened and closed each time a 
pulse is received from the master oscillator through 
the counter. 
The level of the signals is raised 10:1 by d-e 

amplifiers. After gating, the common output signal 
is further amplified by a factor of 10. Frame syn-
chronization is provided once for each complete 
ring sequence. 
The commutator is housed in a small package 

and can be used for missile applications. External 
power and signal connections are made through a 
flush-mounted connector. Silicon diodes, transis-
tors, or both, are used for all circuits. Modular 
construction may be employed. 

Specifications for this typical unit might be as 
shown in Table I. Actual specifications for several 
of the commercially-available electronic commuta-
tors are given in Table II. 
The list is not intended to be all-inclusive. In 

addition to solid-state types, beam-switching tube 
types are made. 
Among the advantages of electronic commutators 

are, generally, high operating speed, low power 
consumption for a given application and long life 
due to the absence of moving parts. 
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Multiplex Telemetering 
By ARTHUR S. KRAMER, Senior Technical Specialist, Allen B. EtMont Laboratories, East Paterson, N. 3. 

Table II—Characteristics and Suggested Applications of Some Typical Electronic Commutators 

Mfgr 
Model 

Duty Chan- Sa iii-
Cycle nels pies 

DIODE-TRI SISTOR TYPES 

ARN 
Series 
pain 
30 

50 30 
5% 

900 

Per 
sec 

ARN 45 90 900 
Series 5c,';'0 per 
pdrn sec 

• 90 

ASC 50% 90 0-1,000 
EC-5800 • per 

sec 

GDI 10 Lo 6 to 
Hi-Lo to Hi 10 10.000 
Level 90% per 

sec 

TEL 45 900 
1480-A per 

see 

TEL 45 900 
1481-A per 

sec 

OTHER ELECTRONIC TYPES 

EMR 
99B 

GDI 
Elec-
trocom 

1 odel 
EC 

' BUR 
Beam-
plexer 

100% up 
to 
98 

o 4-100 
to per 
, pole 

75-
20,000 
per 
sec 

to 
10,000 
per 
sec 

2 18,000-
to 25,000 

1,008 per 
sec 

10 10 
inputs 

to 
100 kv 

11111111 I .V,) and Out put (0 UT) Áceurae I Linearity (L), 
(:haracteristics Crosstalk or Noise ( N) 

IN: 0-5 v full scale, 0-25 k L: %% ithin , of full-scale 
source impedance with filtering range (fsr) 
O UT: into any subcarrier ose C: 0.01 of fsr: 
with source impedance of 500 K N: peak-to-peak, <0.01% fsr 
*50 K 

IN: same as PAM 30 OUT: 5-v L, N: same as PAM 30 
input signal gives output. pulse C: < 0.1':¡, of fsr 
train of 6-6.5-v peak-to-peak 
amplitude 

IN: -2.5 v to +2.5 v and 0-5 v 
signal amplitude O UT: recom-
mended load impedance 10 Meg 

I N:l.o. 5 my fs; Hi. *5 v fs; 
input impedance > 50 K 0 UT: 
Iii. >50 k impedance 

/N: 2 sync chan; 43 chat]. 0-5 
v-dc: input impedance. load 
impedance +10 k 0 UT: out-
put impedance, source iinped-
awe + 10 K 

N: 33 chan, 0-5 v-dc unbal-
anced; 10 chan, 0-50 my bal or 
unbal input impedance, 1 Meg 
on high level, 20 k on low level 
channels 0 UT: output imped-
ance, 20 K 

IN: 0-5 y signals, 285 K im-
pedance OUT: output load 1 
\leg or greater 

I N: acts like constant current 
generator of 10-15 g amp during 
sampling time 0 UT: emitter 
follower supplied 

I N: voltage input ranges to *8 
max; impedance 50 K O UT 
10 y max at 5 ohm max im-

pedance 

IN: signals to 200 y accepted 
min pulse width +0.1 gsec 
O UT: signal pulses of 1.4 gsec, 
20 v, + polarity 

or better 
L: * 0.25% 
C: 1 mv N: 1 my 

A: Lo, 0.5%; Hi, 0.1% 
L: Lo. 0.2%; Hi. 0.1 (. ;, 
C: Lo, 80-db down; Hi. <0.1% 
N: Lo, 30 gv; Ili, 1 my 

L: *0.5' of 5-v fs 
C: of full amplitude 

L: *2% 
C: <0.2% of full amplitude 

A: better than 50 mv 
L < 0-03% of fs between end 
points 
C; <0.01% of fs 

A: 0.25% 
L: better than 0.1% into 250 K 
load 
C: <0.1% fs 
N: <1 mv 

A: (1.02% 
L: 0.02% 
N: *2 mv max 

C: 0.5 y peak-to-peak max at 
1 mc 
N: 0.4 y peak-to-peak max in 
channel 

Suggested 
Applications 

pam telemetering 

pdm/f-m or pdm/p-m 
telemetering 

paru and pdm 
telemetering 

digital data logging 

pditi/f-ni or pdm/pm 
telemetering 

pdm/f-nt or pdm/p-m 
telemetering 

silicon diode switch: 
pdm and pam 
telemetering 

silicon diode switch: 
light, low power 
telemetering 

transistor type: 
pthn/fni or pdm/pm 
telemetering 

tube type: telemeter-
ing, neurology, vibra-
tion analysis 
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Realistic Simulation 
Ultrasonic delay line and 30-mc Gaussian noise source are used to simulate 

actual clutter received during a number of consecutive sweeps 

AUTHENTIC SIMULATION of radar 
echoes from wooded terrain 

and meteorological phenomena has 
been hampered by the difficulty of 
reproducing the particular statisti-
cal and spectral properties of reflec-
tions from this class of extended 
targets. The device to be described 
generates sweeps of Rayleigh-
distributed clutter having video 
bandwidth in range, but only audio 
or subaudio bandwidth at constant 
range as a function of time. The 
audio fluctuation rate of the video 
at constant range duplicates the 

REG 
30NIC 
NO SE 
GEN 

PREC 
ATT 

by gain-programmed amplifiers. 
Ground clutter video originating 
from a piece of homogeneous ter-
rain assumed to consist of random 
scatterers only which is being 
scanned by a ground-based search 
radar may be characterized as fol-
lows. The clutter video as a func-
tion of range has a Rayleigh ampli-
tude distribution whose fluctuation 
spectrum is approximately deter-
mined by the i-f and video circuits 
of the radar. The clutter video at 
constant range and azimuth is also 
Rayleigh distributed as a function 
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FIG. 1—Delay line exactly equal to interpulse period of radar used. Agc loop maintains 
output level constant 

high correlation in real clutter am-
plitudes received during a number 
of consecutive sweeps differentiat-
ing such signals from ordinary 
noise. The key components in the 
clutter simulator are an ultrasonic 
delay line memory and a 30-mc 
Gaussian noise source. 
Here it will be assumed that the 

statistical characteristics of clutter 
echoes are not affected by clutter 
range. Variations in the rms 
strength of reflections from ex-
tended targets as a function of azi-
muth and range can be simulated 

of time. In the case of an S-band 
radar this ground clutter fluctua-
tion spectrum typically has half-
power frequencies between 1 and 
6 cps. The shapes of the frequency 
spectra have been determined ex-
perimentally.' 2 
The effect of the scanning radar 

antenna is to slightly widen the 
spectrum discussed above. 

Clutter Simulator 

A simplified block diagram of a 
clutter simulator capable of gener-
ating realistic clutter video is 

shown in Fig. 1. The time delay 
is exactly equal to the interpulse 
period of the radar. The 30-mc 
Gaussian noise generator has a 
bandwidth comparable to that of 
the i-f bandwidth of the radar re-
ceiver whose clutter output is to be 
simulated. The gain a of the delay 
loop made up of delay line and i-f 
amplifier is less than unity. 
The second detector is assumed to 

be linear. Its characteristics may 
be chosen to match those of the 
video detector in an actual radar. 
A long time-constant automatic 
gain control loop is provided to 
make the system amplitude stable 
and to keep the rms input to the 
ultrasonic delay line constant, thus 
fixing the value of a for each rms 
voltage level of the added 30-mc 
noise. The envelope of the 30-mc 
signal appearing at the input to the 
delay line constitutes the simulated 
clutter video. 

Amplitude Correlations 

The correlation in the clutter am-
plitudes received during a number 
of consecutive range sweeps is de-
termined by the loop gain a. If no 
30-me noise is added to the signal 
circulating in the loop the loop gain 
will be unity and perfect correla-
tion at fixed range will result. The 
fluctuation rate of the clutter signal 
in range is determined primarily 
by the frequency characteristic of 
the 30-me Gaussian noise gener-
ator. Thus a signal with the statis-
tical properties of ideal clutter is 
obtained. 
The internal noise produced by a 

high-gain amplifier is used as the 
random signal source in the regu-
lated 30 mc Gaussian noise gener-
ator. The noise voltage is regulated 
before it is transformer-coupled to 
the unit's output. There it is passed 
through a calibrated precision at-
tenuator and then added to the sig-
nal circulating in the delay-line 
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of Radar Clutter 
By J. ATKIN, Laboratory Supervisor, Columbia University, New York, N. Y., 

H. J. BIKEL, Senior Project Engineer M. WEISS, Project Engineer, Federal Scientific Corp., New York, N. Y. 

storage loop. The physical addition 
takes place in the power amplifier 
used to drive the low impedance 
presented by the inputs of the de-
lay line, the age unit, and the out-
put unit. The signal present at the 
output of the power amplifier is 
then delayed by an ultrasonic de-
lay line. The i-f amplifier is of 
high quality. The age unit contains 
a buffer amplifier, a linear detector 
of the average of the half-wave rec-
tified signal and a circuit for com-
parison of the detector output with 
an internally-generated reference 
voltage. The chopper stabilized d-e 
amplifier raises the level of the er-
ror signal output. 

Noise Generator 

The noise generator uses a high 
gain i-f amplifier as the noise 
source. With the input terminal of 
this amplifier shorted, the output 
signal consists of internal noise en-
hanced by the gain of the ampli-
fier. Noise generated in this man-
ner has a Gaussian amplitude 
probability distribution with a fre-
quency spectrum determined by the 
transfer function of the unit. 
The i-f amplifier has the follow-

ing characteristics: gain variable to 
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FIG. 2—Regulated 30-mc Gaussian noise 
generator output level plotted against 

gain control output bias 
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and adder accepts delay line output and noise. Other input is 

FIG. 4—Typical correlation function of real 
clutter compared with correlation function 
obtained by simulation 

120 db, center frequency of 30 mc, 
half power bandwidth of 2 me and 
an output impedance of 50 ohms. 
In its application in the clutter 
simulator, the i-f strip gain control 
is operated in the region which re-
sults in the greatest percentage 
variation in the output noise for a 
small change in the gain control 
voltage, the region being from — 4.0 
to — 1.4 volts d-c. The noise avail-
able at the output terminal of the 
noise generator has a bandwidth of 
1/2 me and may be varied from 
0.3 to 2.0 volts, rms. A plot of the 
rms value of the generator's out-
put noise as a function of the gain 
control bias is shown in Fig. 2. 
The noise output is stabilized by 

a feedback circuit having a loop 
gain of approximately 34 db. The 

3-db corner of the control loop is 
at 1 cps. 
The capacitive load present at the 

output is driven by a buffer am-
plifier. This amplifier and output 
transformer have a gain of —2 db 
and a half-power bandwidth of 0.5 
me. The output is taken through a 
transformer designed to work into 
a 50-ohm load. 

Power Amplifier 

The power amplifier and adder 
whose schematic diagram appears 
in Fig. 3 is used to drive the delay 
line. Its inputs are the amplified 
version of the delay line output sig-
nal and narrow-band Gaussian 
noise. These signals are added in 
the common plate load of V, and V2 
and amplified by V,. The tuned cir-
cuits at the plate of tubes 17,, V2 and 
V, in addition to the tuned input to 
the delay line form a staggered 
Butterworth triple which is cen-
tered at 30 mc and has a half-power 
bandwidth of 2.75 me. The overall 

gain of this unit is 0.92 for either 
input channel. 
A third channel is included In 

this unit for addition of a pulse to 
the information entering the delay 
line. This pulse is used to provide 
a precise means for synchronizing 
to the repetition frequency of the 
clutter simulator. The pulse chan-
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nel has a gain of 0.45, a center fre-

quency of 35 mc and a half-power 

bandwidth of 6 me. 

The maximum undistorted volt-

age that the power amplifier can 

drive into the load represented by 

the input impedances of the delay 

line, the age unit and the output 

unit is 8.4 volts peak-to-peak. 

Ultrasonic Delay Line 

The ultrasonic delay line uses a 

solid quartz delay medium. This 

line has a center frequency of 30 

me, an electrical half-power band-

width of 10 me and an acoustic 

half-power bandwidth 14.3 mc wide. 

Its delay time is about 1,000 micro-

seconds. Its insertion loss ( attenua-

tion) with the 93-ohm terminations 

used is approximately 70 db. The 

spurious signal level is at least 50 

db below that of the main signal. 

I-F Amplifier 

The clutter video at the output of 

the delay line must be amplified to 

restore its rms voltage to approxi-

mately the same value it had at the 

input to the delay line. A 2 mc 

commercial i-f amplifier centered at 

30 mc provides the necessary volt-

age amplification. The gain of the 

amplifier can be varied to a maxi-

mum of 120 db. 

AGC Unit 

The function of the age loop is 

to regulate the input voltage to the 

delay line. 

The age unit consists of a single 

stage of amplification followed by 

a linear envelope detector whose 

output is averaged. The frequency 

response of the post-detection filter 

is 3 db down at 1 cps. The signal 

at the output of the filter is com-

pared with a reference voltage, and 

their difference is fed to a d-c am-

plifier. 

The delay line input is fixed at 

a level determined by the value to 

which the reference voltage is set. 

Any drift in the rms level at the 

delay line input results in a change 

in the i-f amplifier gain in the di-

rection which will return it to its 

initial value. However, any drift 

in the gain of the age unit itself 

will cause the delay line input to 

drift from the desired level. For 

this reason, the age amplifier is 

operated with an unbypassed cath-

Properties of Real Clutter 

(RADAR 

 r - 4.1 

 1.2   
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1 OLD 
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NEW AREA 

In general, a search radar echo is caused by reflections from all the targets 
illuminated by the radar antenna. The term target area is used to denote 

the radar coverage at a fixed range. For a ground-based installation, it is 
defined by the antenna beamwidth, one-half the radar pulse length and 
the vertical coverage of the beam. An echo from an extended target cover-
ing a region much larger than the target area is called clutter. Clutter from 
meteorological phenomena or ground vegetation exhibits fluctuations which 

are due to the motion of many reflectors within the target area. At S-band, 
for instance, the radar wavelength is 10 cm and a piece of terrain appears 
to the radar as an assembly of many individual targets. Due to wind, such 

reflectors as small branches and other forms of vegetation move slightly 
and change their distances from the radar antenna. Echoes from the various 

portions of the target area reenforce or cancel by wave interference. If the 

resultant echo is due to contributions from random scatterers only, its phase 
has a uniform probability distribution from zero to 2 ir radians while the 
amplitude of the fluctuating echo possesses a Rayleigh distribution. The 
power spectrum which characterizes the rate of fluctuation has been 
measured under a variety of conditions. To investigate the properties of 
clutter echoes, it is appropriate to consider two separate cases: pulse-to-pulse 
clutter fluctuations at constant range, and fluctuations which occur within a 
single sweep as a function of range. 

Pulse-to-pulse clutter fluctuations at constant range can be studied most 
conveniently by stopping the search radar antenna and by recording range-
gated clutter video. Under these conditions attention can be focused on 
radar echoes originating from a specific target area. Using this setup the 
amplitudes of precipitation echoes have been found to follow the Rayleigh 
distribution, and some indications of their power frequency spectra have 

appeared in the literature.' 
So far, the radar antenna was held stationary and clutter echo amplitudes 

originating from a typical range element were observed from pulse-to-pulse. 
Figure A illustrates two range elements, one of which might be under 
observation. If the antenna rotates, the terrain illuminated by successive 
pulses will not be quite the same and this situation is depicted in Fig. B. 
The echo contribution from the incremental portion of new area which has 
come under surveillance because of antenna rotation between main bangs 
is statistically independent of the reflections from the old area. The overall 

effect is one of decorrelation of pulse-to-pulse clutter amplitudes at constant 
range. A one-degree radar antenna scanning a field of fixed, randomly-
oriented scatterers at 6 rpm gives rise to clutter video having a fluctuation 

spectrum approximately 10 cps wide. The experimental frequency spectra 
of clutter echoes from random scatterers (chaff, rain, snow, some types of 
vegetation) have been found roughly similar in shape, resembling error 

curves centered at the origin.'," 
As mentioned previously, the second kind of clutter fluctuations to be con-

sidered are those which occur within a single sweep as a function of range. 
At any instant during a range sweep the signals received by the radar antenna 

originate from a patch of land of radial dimension r = (transmitter pulse 
length) (velocity of light)/2 

If the transmitter pulse length is designated by r, it should be clear that 

echoes from a completely new target patch will be received every r seconds. 
Based on the assumption that the terrain acts like an assembly of random scat-
terers, echoes received from distinctly different patches of land will be 
statistically independent. Taking into account transmitter pulse shape, radar 
i-f and video bandwidths, the exact clutter fluctuation spectrum can be cal-

culated. For most practical radars, it will be determined substantially by 
the radar receiver low-pass video characteristic, provided that the product 

of radar i-f bandwidth times pulse length equals approximately unity and 
that the video bandwidth of the radar is matched to the i-f bandwidth. 
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ode resistor, thus introducing nega-
tive feedback to improve the sta-
bility of the unit. 
The gain of the age unit is 17.5 

volts d-c/v rms of Gaussian noise. 
The output is linear to 30 volts d-c, 
which is well above the operating 
level of the unit in the clutter simu-
lator. 

D-C Amplifier 

This unit amplifies the error volt-
age produced at the output of the 
age unit. The amplified error sig-
nal is used to control the gain of 
the i-f amplifier. The d-c amplifier 
is chopper-stabilized and has a gain 
which is variable in discrete steps 
from 0 to 1,000. The 3-db passband 
is greater than 30 kc for all gain 
ranges. The maximum linear out-
put is greater than ± 30 volts for 
1,000-ohm output termination. The 
equivalent input noise of the ampli-
fier is 10 µv peak-to-peak. A line 
voltage variation of -± 10 percent 
caused an equivalent drift of 
12.5 µv. 

Second Detector 

The output consists of a stage of 
amplification with cathode feed-
back, followed by a positive peak 
detector and a 1 mc wide low-pass 
filter. The envelope output is taken 
from a cathode follower through a 
30-mc rejection filter. In addition, 
an i-f output is available at the 
cathode of the amplifier. The gain 
from input to cathode follower out-
put of the unit is 4.6 y video/volt 
rms of Gaussian noise. The half-
power bandwidth is 4 me centered 
around 30 mc. The output is linear 
to a voltage well above the maxi-
mum at which the unit will be op-
erated. 

Performance 

A typical experimentally ob-
tained normalized autocorrelation 
function of clutter power at con-
stant range and azimuth appears 
in Fig. 4'. 
The slight rounding or decorre-

lation of the function for r ap-
proaching zero is due to the pres-
ence of receiver noise in the radar 
output.' A possible reason for the 
departure from asymptotic be-
havior as r approaches infinity has 
been explained as being due to a 
slow temporal change in the aver-

age power received by the radar.' 
The autocorrelation function of 

the simulated clutter video at a con-
stant range as a function of time is 

2r 

r(t)r(l r) ^-A" 011 + 1 71] (1) 

where a' = the mean square voltage 
input to the detector; a = the stor-
age loop gain; T = time variable; 
and T = radar interpulse period or 
delay of ultrasonic line. 
The autocorrelation function of 

the clutter output power is 

TI 

r2(0r2(1 40.2 r) -= [ 1 + jj (2) 

It is seen that the part of Eq. 2 
which is a function of r is exponen-
tial in nature and Fig. 4 shows how 

'ewe" 

(A) 

FIG. 5—Simulated clutter for a loop gain 
of 0.61 shown in ( A), loop gain of 0.917 
shown in ( B) and loop gain of 0.98 shown 
in ( C) 

it ( after proper normalization) ap-
proximates the experimental data. 
If a delay line of length 1,000 µsec 
is used in the clutter simulator a 
loop gain a of 0.9946 is required 
for this approximation. Substitu-
tion of this a into Eq. 2 yields a 
bandwidth of 1.6 cps. The experi-
mental data having this very low 
fluctuation rate at constant range 
was obtained by maintaining azi-
muth constant. Using the existing 
clutter simulation equipment a'S 

0.98 (fi, = 6 cps) can be ob-
tained reliably. 

Various values of storage loop 
gain (a) permit simulation of clut-
ter from meteorological phenomena 
such as rain or snow or chaff, as 
well as most ground clutter situa-
tions involving a scanning radar 
and antenna. 

Figure 5 shows the video output 
waveform for various values of a. 
Each sweep shown is 500 µsecs 
long. The pulse repetition interval 
(T) is 1,000 µsecs. In order to dis-
play the correlation of the simu-
lator output video at constant range 
as a function of time, a d-c volt-
age changing by a fixed increment 
every T (or 10 T) seconds was 
added to the simulated clutter 
video. This permitted the obser-
vation and photographing of suc-
cessive sweeps (or every tenth 
sweep) on a standard oscilloscope. 
By employing this display method 
to photograph the output, signals 
from the same range are directly 
below one another on the oscillo-
grams. Therefore, each photo shows 
the variation of the clutter video 
as a function of range in the hori-
zontal direction and as a function 
of time at constant range in the 
vertical direction. 
The oscillogram in Fig. 5A was 

taken at a = 0.61. The traces are 
consecutive sweeps of the simu-
lator's video output, each trace con-
taining approximately one-half of 
the sweep whose total length is 
1,000 µsec. A correlation at a con-
stant range is just noticeable. In 
Fig. 5B, the loop gain of 0.917 re-
sults in a highly correlated signal. 
At a loop gain of 0.98 no decorre-
lation is noticeable from sweep to 
sweep. This is to be expected since 
the fluctuation rate at this a is 6 
cps while the interval between suc-
cessive sweeps is 1 millisecond. 

Figure 5C shows every tenth 
sweep of the simulator's video out-
put with a = 0.98. Little decorrela-
tion in the video at constant range 
as a function of time can be ob-
served. 
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FIG. 1—Counter is broken down to basic building blocks. Dotted 
lines show how additional stages can be added 

Use of submodules is shown in construction of counter. larger 
printed boards are flip-flops, smaller boards are gates 

Binary Circuits Count 
B INARY COUNTERS generally con-

sist of a number of stages of 
bistable storage elements whose 
purpose it is to count an incoming 
pulse train. This counting process 
is accomplished by cascading these 
devices so that two pulses applied 
to each stage result in a single out-
put pulse which triggers the follow-
ing stage. These bistable storage 
elements form a register; the num-
ber of pulses applied as an input 
appears as a binary representation 
in the states of the storage ele-
ments. 
A counter of the type described 

above is capable of counting or add-
ing a number of incoming pulses. 
This article describes the logic as 
well as the actual working circuits 
of a counter that is capable of add-
ing and subtracting pulses at the 
control of the appropriate logic 
circuits. 

This reversible binary counter' 
has been assembled using extremely 
small digital building blocks. The 
complete reversible counter fits on 
to a single plug-in unit 3.25 x 3.8 x 
0.75 in. which includes the plug-in 
connector. 

In explaining the theory of oper-
ation, the following definitions are 
used. 

Input pulses applied to the for-
ward and backward lines are of 
positive polarity. The ZERO state of 
a flip-flop is defined as 0 / ; the ONE 
state as / 0. 

Transistors of the pnp type are 
used and the output from a flip-flop 
is as shown in Fig. 1. 
ZERO state of a transistor is de-

fined as the non-conducting state in 
which the collector is approximately 
— V.,„ the ONE state as the conduct-
ing state in which the collector is 
at approximately zero volts. 
An output pulse of the proper po-

larity to trigger the following stage 
occurs only when the flip-flop 
changes from the ONE state to the 
ZERO state. 

Finally, the flip-flops used in 
these circuits are operated in a 
saturation mode to provide maxi-
mum stability as well as independ-
ence from transistor parameters 
and selection. 

Theory of Operation 

The logic diagram for a four-
stage reversible binary counter is 
shown in Fig. 1. It is understood 
that counters with any number of 
stages can be made; the method of 
assembly being simple repetitions 
of the four stages used here. 
When this logic diagram is 

broken down to its submodule ap-
proach it becomes apparent that 
the reversible binary counter can 
be reduced to five flip-flops, six AND 
gates and four OR gates. Flip-flop 
1 is the control or setting flip-flop 
which is operated in a set-reset 
manner. Flip-flops 2 to 5 comprise 
the storage register. 

The reset switch shown in Fig. 
2 is used to put the storage regis-
ter in the ZERO state. Assume that 
flip-flops 2 through 5 are all in the 
ZERO state, 01. Then, if an input 
pulse is applied to the forward bus, 
flip-flop 1 is cut off and the for-
ward bus line is at — V. The same 
input pulse is also routed through 
OR-1 to trigger flip-flop 2 and change 
its state to / 0. 

Since the right-hand side of flip-
flop 2 has changed state in the di-
rection from / to 0, an output pulse 
would have been routed through 
AND-1 but for the fact that the sec-
ond input to AND-1 is tied to the 
backward bus which is at ground 
potential. One input to AND-2 is 
tied to the forward bus which is at 
—V.,„ but since the left hand side 
of flip-flop 2 changed state from 
0 to / no output is forthcoming 
from this gate. The counter has re-
ceived one input pulse and this in-
formation is stored as 0001 in flip-
flops 2 through 5. 

indicator 

The least significant digit is 
stored in flip-flop 2 and since this 
stage is in the ONE state the indi-
cator lamp associated with it lights 
up to show its condition. 
When the flip-flop output is zero 

Q6 is nonconducting and the voltage 
at its collecter is —45. Therefore, 
the voltage across the neon lamp is 
40 v, which is insufficient to break 
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Transistorized binary counter uses small digital building blocks to perform 

adding and subtracting functions. Technique of using digital building blocks 

can be applied to other applications 

By H. J. WEBER, Section Head, Servomechanisms, Inc., Goleta, California 

Backwards or Forwards 
down the neon. When the flip-flop 
is at — 12 v, Q, conducts heavily and 
the voltage at its collector is essen-
tially zero. The voltage across the 
lamp is thereby increased to 85 
which is sufficient to break down 
the neon and light the bulb. 
Now assume that another input 

47K 
390 

F-F 1 

pulse is applied to the forward line. 
Although this pulse does not change 
the state of the control flip-flop, it 
serves to trigger flip-flop 2, which 
reverses its state to 01. 

This change of state applies two 
negative voltages to Di and D2 of 
AND-2, cutting off transistor Q., and 
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NOTE: K. X 1,000 
ALL CAPACITORS IN µµF 
ALL DIODES INI91 

3.9K 

2N535 

3.9K 

2N53 

130 58 
330 

47K 

390 

Q2 

OR-I 

85 V 
- 45V 

8.2K 

10K 

270 8. 
o 
o 
.r) 

8.2K 

3.9K, 

BWO CONT LINE 

FWD CONT LINE 
TO AND- 3 

-45v 85V 

I5K 47K 

330 
47K 

8.2 0 ek 0  
0 

3 o 47 
K k47K 

o 

8.2K 
270 r8 2K 

47K ON 

NE2 

2N534 

33K 

o 

o 

47 K 

7 

o 

o 

F - F AND - 2 0° -2 

FIG. 2—Flip-flops used in counter are identical. Input voltages to flip-flops depend upon 
circuit function 

causing its emitter to drop to —17<„. 
This negative voltage is transmit-
ted through diode D, of oft-2, in-
verted and the resultant positive 
pulse used to trigger flip-flop 3. 
This changes the state of flip-flop 3 
to / 0. The count is now stored as 
0010 in the storage register. 
Assume now that a pulse is ap-

plied to the backward bus line. This 
pulse causes the control flip-flop 
(flip-flop 1) to change state, caus-
ing the backward line to assume 
—V_ The same input pulse trig-
gers flip-flop 2 reversing it to the 
/ 0 state. This change of state per-
mits a pulse output to get through 
the AND-1 gate thereby triggering 
flip-flop 3 back to the 0 / state. 
The register now displays the 

total count as 0001 and has, there-
fore, shown that it can cycle in a 
forward direction as well as in a 
backward direction. 

Modular Design 

The plug-in module described is 
a separately packaged function 
which may be subdivided into indi-
vidual submodules or digital build-
ing blocks. These fully engineered 
and tested building blocks can then 
be used to assemble the particular 
counter in a minimum of time and 
at the lowest possible cost. 
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Unusual Applications for 

Conventional Synchros 

In addition to their regular use as an angular data link between remote points, 

standard synchros can be used for several other functions. Low frequency 

generators and linear induction potentiometers are just two examples 

By DAVID J. SALONIMER, Missile Electronics Laboratory, Redstone Arsenal, Huntsville, Ala. 

EVERAL UNUSUAL usEs for syn-
chros have evolved in the devel-

opment of test equipment in the 
Army missile program. Among 

these new ways to use synchros 
are as a difference frequency gen-
erator and as a direct reading fre-
quency deviation meter. 
Synchro control transformers, 

transmitters and repeaters are sim-
ilar in construction but have signifi-
cant differences. All three types 
have single winding rotors and 
three winding stators. The stators 
are wound as a three phase, Y-
connected a-c machine but only 
single phase excitation is used. The 
main differences are in the rotors. 
The rotor of a control trans-

former is cylindrical while the ro-
tors of transmitters and repeaters 
have salient poles. Repeaters have 
a further difference in that they 
have damping or antihunt provi-
sions. Synchro differentials are 
similar to control transformers in 
construction but the rotor is wound 
as a three phase, Y-connected ma-
chine. 

Servo Loop 

A typical control loop, as shown 
in Fig. 1A, might use a synchro 
transmitter as an error-sensing 
pickup. With a synchro control 
transformer linked electrically with 
the transmitter, the error signal is 

introduced into the control loop. 
The servo motor positions the load 
and the control transmitter until 
the error signal is minimum. A 
servo of this type is analogous to a 
highly precise, flexible shaft. The 
accuracy and precision of such loops 
are determined largely by the char-
acteristics of the synchros. 
With a differential synchro placed 

in the loop as shown in Fig. 1B, 
the output position becomes a func-
tion of two angles, 44 and OD. The 

FIG. 1—Common type servo using two syn-

chros to develop the error signal (A). Servo 

loop with differential performs a computer 

operation summing the two input 

angles Ot and OD (B) 

K X 1,000 

output is the sum or difference of 
the two irrputs. 
Because of their precise construc-

tion, low cost and special character-
istics, synchros can be used in sev-
eral applications unrelated to their 
principal uses. 

Low Frequency Generator 

A practical low frequency gener-
ator is shown in Fig. 2A. A low-
speed motor is used to drive a 
synchro at the output frequency 

5 V -- C OUTPUT ABOUT 100V P-P 
f 0. RPS . PRE () 

II 5V A -C 

500 

R1 

SYNCHRONOUS 
GEAR MOT 

SI 

(A) 

FILTER 

D-C PM GEAR MOT 

SYNCHRO 

(B) 

28V 

SI 

TO 
S3 DEMODULATOR 

R2 

FIG. 2—Low-frequency sine-wave genera-

tor ( A). Adjustable frequency generator 

using permanent magnet motor (B). A 

fixed speed motor and a variable trans-

mission can also be used for drive 
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desired. The output of the synchro 
is a suppressed carrier signal which 
is amplitude modulated at the fre-
quency of synchro rotation. When 
this signal is phase demodulated 
and filtered, the output becomes a 
sine wave at the same frequency as 
the synchro shaft rotation in rps. 

Only one stator phase is needed 
to pick up the low frequency signal 
and it is not important whether 
the synchro is a transmitter, con-
trol transformer, repeater or resol-
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FIG. 5—A syncho control trans ormer is 

used to shift the phase of the carrier 

signal. Three-phase source should be bal-

anced and have little distortion ( Al. Single 

phase to 3 phase splitting network ( 8) 

Engineer tests the wave shape, frequency and distortion of an experimental low-
frequency sine-wave generator 

ver. A resolver, however, is built 
as a two phase a-c machine and it 
may be used as a low-frequency 
generator with two outputs shifted 
from each other by ninety degrees. 
A separate phase sensitive demodu-
lator will be required for each out-
put. If a transmitter, or other 
synchro with a three winding stator 
is used, three signals are available 
with 120 degrees phase shift be-
tween them. 
There is no lower limit to the 

frequency generated and variable 
frequency generators are readily 
made as shown in Fig. 2B. The up-
per frequency limit depends on the 
allowable percentage of ripple and 
the high speed characteristics of 
the synchro brushes. 

Low Frequency Distortion 

Some applications require a low-
frequency signal with a minimum 
amount of distortion. The most 
common causes of distortion are: 
misalignment of motor and synchro 
shafts; excessive phase shift of the 
carrier before demodulation; inad-
equate reference signal amplitude; 
circuits using nonpolarized tanta-
lum capacitors with unequal for-
ward and reverse capacitance; and 
an output amplifier used to increase 
the voltage or lower the output im-
pedance. 
A simple test to reveal distortion 

in a low-frequency wave can be 
made with a capacitor, potentiom-
eter and oscilloscope. The arrange-
ment is shown in Fig. 3. If there 
is little distortion in the wave, 
the oscilloscope pattern will be a 
smooth sinusoid for any setting of 
the potentiometer. But even a little 
distortion, imperceptible in the full 
output, will show up as a lump or 
spike at some point on the wave as 
the time constant of the R-C high-
pass filter is varied. Only a pure 
sine wave will remain smooth 
throughout the full filter range. 

Using two synchros, such as a 
transmitter and control transform-
er as shown in Fig. 4, two signals 
of variable relative phase relation 
can be produced. The position of 
the rotor of the stationary synchro 
controls the phase shift. 
A protractor dial on this synchro 

can be used to read the phase shift. 
The slowly rotating single phase 
field produced by the driven rotor 
will be established in the stator of 
the dial synchro and the position of 
its rotor, used here as a pickoff, will 
determine the phase relation of its 
output to that of one of the driven 
synchro field windings. This wind-
ing must not be loaded appreciably 
or distortion of the output wave-
form will result. A high input im-
pedance buffer amplifier is desirable 
for isolation. 
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FIG. 6—Method of adjusting phase splitter 

for optimum phase shift linearity. See 
Fig. 5 also 

Carrier Frequency 

Because a control transformer 
has a well balanced three phase, Y-
connected stator, it can be used as 
a carrier phase shifter. If a uni-

form rotating magnetic field is 
established in the synchro stator, 
a sinusoidal wave at the frequency 
of the rotating magnetic field is 
developed at the rotor terminals. 
Advancing the rotor in the same 
direction as the rotating field, with 
reference to a fixed position, pro-
vides a rotor signal whose phase 
position lags the reference. An op-
posite angular displacement pro-
duces lead. Fig. 5A shows an 
arrangement using a three-phase 
source. 

If three-phase power is not avail-
able, or if because of unequal ex-
ternal loading the signal source 
would produce a distorted or non-
uniform rotating magnetic field, a 
single-phase to three-phase splitting 
network can be incorporated. Fig. 
5B shows such a network adapted 

to a synchro. Three points must be 
observed. First, the synchro must 
have a cylindrical rotor, not salient 
poles. Control transformers, resolv-
ers or differentials are suitable buir 
transmitters and repeaters are not. 
The salient poles distort the mag-
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FIG. 7—Linear induction potentiometer has 

output linear to 80 degrees 

netic field, resulting in a distorted 
output. 

Second, the rotating magnetic 
field must be of uniform amplitude 
throughout the entire cycle. Hence 
the power source wave form must 
not be significantly distorted. A 
good band pass filter will aid great-
ly in achieving a precise unit. 

Thirdly, only light loading of the 
rotor circuits can be permitted if 
an undistorted output waveform is 
to be attained. 

Final adjustment of the phase 
splitter is a trial and error proced-
ure, since no two synchros are ex-
actly alike. Optimum values of 
resistance and capacitance are eas-
ily determined while testing the 

unit for linearity. Fig. 6 shows a 
method of testing using a triggered 

SIG B 
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7V D-C 

± DIAL 

POINTER 

FIG. 8—Frequency deviation meter meas-

ures errors of ± 4 cps 

oscilloscope. When the synchro 
shaft is spun with the fingers, the 
wave on the oscilloscope screen 
shifts right or left corresponding 

to the angle and direction of rotor 
movement. Resistance and capaci-
tance are adjusted until the wave 
appears to shift smoothly and the 
amplitude of the wave remains con-
stant as the shaft is rotated. 

Difference Frequency Generator 

Rotating the synchro of the phase 
shifter just described will produce 
a signal differing in frequency from 
the carrier by the speed of rotation 
in rps. A generator of this type, 
when driven from a precision vari-
able speed source, is useful in test-
ing the compensation circuits of a-c 
servos. A secondary frequency 
standard and amplifier may be used 
for the supply signal. With proper 
gearing, frequencies near the car-
rier i_ay be generated with ex-
tremely high resolution. 
The output of a synchro can be 

made a linear function of shaft 
position if the output wave of the 
phase shifter described above is 
shaped into a square wave and ap-
plied to a phase detector in which 
the reference signal is a square 
wave. The linearity of the d-c out-
put will depend largely on the flat-
ness of the horizontal portion of 
the two square waves and the line-
arity of the phase shifter itself. 
Fig. 7 is a block diagram of this 
scheme. Good linearity can be 
achieved through a range of more 
than plus or minus 80 degrees. 

Frequency Deviation Indicator 

A high impedance synchro re-

peater and a three phase detector 
can be used to indicate a small dif-
ference in frequency or phase shift 
between two sources. Readout is by 
a pointer which rotates at the dif-
ference frequency of the two 
sources. See Fig. 8. 
A three-phase signal from one 

source is phase demodulated by a 
single phase signal from the second 
source. The output of the three-
phase demodulator is a three-phase 
signal at the difference frequency 
and is applied to the synchro stator. 
A small d-c current in the synchro 
rotor windings causes the rotor to 
align itself with the rotating stator 
field. The time in seconds for one 
revolution of the pointer is the re-
ciprocal of the difference frequency. 
If no difference exists, the pointer 
measures the phase difference of 
the two signals. 

Many Varieties 

The repeater will turn a small 
torque potentiometer and the time 
integral of the deviation can be 
recorded. The technique is well 
suited to testing inverters for reac-
tion to shock loads. Frequency de-
viations up to 3 or 4 cps and phase 
shift within plus or minus 1 or 2 
degrees can be measured. 
Many varieties of test and com-

putation apparatus may be devised 
with these techniques. High qual-
ity precision synchros are in abun-
dant supply and are relatively in-
expensive. They have a high order 
of reliability, high sensitivity, low 
noise and light torque. The variety 
of secondary applications make syn-
chros one of the designer's most 
versatile components. 
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More than thirty 
years experience in 

the design and manufacture 
of standard electronic compo-
nents insure Cannon Connectors 
by CINCH to be of the highest 
quality materials, fabricated to 
specifications to maintain consistent 
quality of product; highest standards 
throughout all operations. 

DPX CONNECTORS 

SPLIT SHELL. PIN AND 

SOCKET INSERTS 

D SUB- MINIATURE and DPX SERIES 

CONNECTORS 

Send for illustrated 
catalog No. 100 

with details of " D" Sub-Minia-
ture and "DPX" Series. 

D SUB-MINIATURES: 

STANDARD PIN AND SOCKET INSERTS. 

si 

DA-1 

DA-1 

D8-2 

DB-2 

DC-3 

DC-3 

DD-5 

DD-5E 

DE-9P 

DE-95 

MAX. 

re 
do 

A IC D 1. R 5 X weight 
14,4 1%4 2344 11%2 1.312 3%4 3A6 .013 

,$ 31/21 1%4 Vie 11%2 1.312 3%4 3/14 .014 

P 1% 1%4 2344 2344 1.852 3%4 3A4 .023 

S 13344 1344 31, 2344 1.852 3%4 3/16 .031 

P 2'344 1%4 3344 23/4  2.500 3%4 344 .035 

S 21%4 '344 'As 223/32 2.500 3144 %a .035 

P 27,4, lu.. 1 2/32 2% 2.406 3%4 V1,4 .035 

IS 2544 1541 2%4 2% 2.406 3944 31, .040 

'Xi 1%4 "44 1'344 .984 3%4 3A4 .011 

444 1%4 3/4 11%1 .984 3%4 3/14 .012 

FRACTIONS ± 4.4 Tolerance DECIMALS ±0.005 Tolerance 

D SUB-MINIATURE SPECIFICATIONS: 
Shell, including flange, steel or brass. Finish, Cadmium plate or 
Irridite. Contacts - Nu. 20, 5 ampere rating. Copper base alloy, 
gold plate finish. Insert arrangements - 5 plus coaxials in 9, 15, 

25, 37, and 50 contacts. 

Insulation material - Zytel 101, DIAL!. or Melamine. 
Polarization - Keystone cornered shell. 
Operating temperature - 67 ° to + 310° F. 

DPX 23-34P 

DPX 23-33S 

DPX SPECIFICATIONS: 
Shell, die cast aluminum alloy. Finish, cadmium plate 

with clear Irridite. Contacts- Plugs, brass, Socket, 

phosphor bronze both with gold plate finish. Insu-
lation material, Melamine type MME. Operating 

temperature - 67" to ± 280 1 F. Available in 

7 to 57 contacts in multiple 

variations of 5 and 10 amp 
terminals as well as coaxial 

terminations. Keystone 

cornered shell polarization. 

Centrally located plants 
at Chicago, Illinois; 
Shelbyville, Indiana; 

La Puente, California; 

CINCH MANUFACTURING COMPANY St. Louis, Missouri 

1026 South Homan Ave., Chicago 24, Illinois 
Division of United-Carr Fastener Corporation, Boston, Mass. 

D SUB-MINIATURES: 

HERMFTIC SEAL PIN INSERTS 

sit 

DAH-15P 
DAH-15P 
DI1H-25P 

DCH-37P 
DCH-37P 
DDH-50P 
DDH-50P 

A 11 0 D G 1. 5 max. weight 
401 I U. 23,i. 3/32 "44 1/22 P'44 1/2  552 0.021 
-002 1144 2344 Vat 2344 V32 13544 1/2  1344 0.021 

001 1 2/14 2344 3/32 "A., 1/22 2 3A2 1/2 3/22 0.027 

002 1% 2344 %2 2344 1/32 V/32 1/2 1%4 0.027 

0012 '344 2344 3/32 2344 1/22 2'%., 1/2 V32 0.037 

.002 2'244 "44 1/22 'U. 1/22 2'%4 1/2 '544 0.037 

-001 2%4 "44 M2 1%2 V32 24%4 3%4 V12 0.041 

-002 2%4 23,44 3/12 15/x, vx, 24%4 3%4 1%4 0.041 
Variation in final dash number indicates type of contact 
terminal. -001= eyelet type; -002 = solder pot type. 

FRACTIONS ±,4,1 Tolerance DECIMALS ±0.005 Tolerance 

L 
A 

Manufactured by agreement with 

Cannon Electric Company 

i r72--
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Antenna occupies entire left temple piece 
while radio occupies other temple piece 

FIG. 1—Ferrite antenna has Q of 250. Base bias resistors in each stage are adjusted to 
give 0.5 ma collector current 

Transistor Eyeglass Radio 
Sensitive single-channel radio constructed in hearing aid eyeglass frame uses 

four transistors in tuned radio frequency circuit 

By HARRY F. COOKE, Semiconductor Components Div., Texas Instruments Inc., Dallas, Texas 

AUDIO MINIATURIZATION TECH-

NIQUES have been commer-
cially used in the creation of hear-
ing-aid eyeglasses. The eyeglass 
radio described in this article is a 
further extension of this idea. 

Since a superheterodyne receiver 
is unnecessarily complex for single-
channel operation and a regenera-
tive detector is marginal on sensi-
tivity and stability, a trf circuit, 
Fig. 1, was selected. 

Circuit 

The ferrite-core antenna has a 
high permeability which affords an 
effective area much greater than 
the actual size of the antenna. In 
the interests of sensitivity, the en-
tire space within one temple piece 
is devoted to the antenna. 
To obtain a reasonable r-f gain 

with a power supply consisting of 
a single 1.3 y mercury cell, grown-
diffused transistors are used. These 

transistors have an h,. (common 
emitter forward current gain) of 
30 db at 455 kc. With fixed emitter 
current, the collector voltage may 
be dropped as low as 0.9 y without 
a serious loss in gain. The tran-

sistors were specially packaged in 
small diode cans. 

For selectivity, a minimum of 
two tuned circuits are necessary 
with the antenna counting as one. 
A small ferrite E-transformer was 
selected for use as the second tuned 
circuit with the coils wound on the 
center leg. The transformer can be 
tuned by placement of the bar which 
closes the gap. The magnetic path 
is closed by the bar and there is 
minimum detuning once the bar has 
been cemented in place. The coil Q 
exceeds 100. The two tuned circuits 
are loaded to give a 10 kc at 6 db 
overall bandwidth. 

Transistors Q, and Q, are resist-

ance coupled to reduce complexity 
and give a degree of isolation be-
tween the two tuned circuits. The 
diode detector has a forward bias 
applied through R, to improve both 
detector sensitivity and linearity. 
The detected output is applied 
through volume control R, to audio 
stages Q, and Q.. 
The output load ( earphone) has 

a 1,000 cps impedance of 150 ohms 
and requires 50 my for a medium 
loud output. 

Single- resistor constant- base 
biasing has been used. This type of 
biasing does not provide the best 
interchangeability and stability but 
is used because it requires the min-
imum number of parts. Base bias 
resistors are individually selected 
to produce 0.5 ma collector current 
in each stage. 
The overall sensitivity of the re-

ceiver is 1,000 .cv/meter for 50 my 
across the earphone and the current 
drain is 2 ma giving a battery life 
of approximately 100 hours. 

Antenna 

The antenna primary is 79 turns 
of 10-44 Litz wire wound on a j x 
x 2i in. ferrite form. Adjust last 

ten turns for correct inductance. 
The secondary is 10 turns of the 
same wire wound at start of pri-
mary. Transformer L, primary is 
65 turns 5-44 Litz wire and the 
secondary is 22 turns No. 40 enamel 
wire both wound on i xix r19.2 in. 
ferrite E-transformer core. 
The eyeglass radio was con-

structed for use at a disk-jockey 
convention which was held at Mi-
ami, Florida. 
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covering the 

R spectrum 

from the near to the far 

Infrared at ITT includes complete detection 

systems as well as basic components 

INFRARED is today, as it has been for a number of years, one 
of the "hottest" activities at ITT. 

ITT Laboratories is equipped to design and develop new 
ideas in generation, transmission, detection, and utilization of 
infrared radiation. 

ITT has made many important contributions in IR techniques 
—not only from one end of the spectrum to the other, but from 
simple devices for viewing objects in the dark to air-to-air 
search-track and tracking of satellites in orbit. 

ITT's advanced position in the IR systems field is founded 
on its broad experience in basic IR components, such as 
lead telluride, doped germanium, and indium antimonide 
detectors; black-body radiation sources; image converter, 
photo-multiplier, and Iatron® direct-view storage tubes 
for display of IR information. 

For increased detector efficiency, ITT has developed 
a full line of coolers, including cryostats for gaseous 
nitrogen, recirculating liquid nitrogen coolers, and 
liquid nitrogen dispensers that will cool cells for many 
hours—even after more than a day in storage. ITT also 
supplies component and system test equipment. 

Whether infrared requirements are commercial or 
reach into the most sophisticated areas of military 
electronics, Irrs complete research and manufac-
turing facilities can meet the need. 

For information on "active" or "passive" 
infrared systems, write ITT, 67 Broad Street, 
New York 4, N. Y. 

Satellite Tracker 
developed by 
ITT Laboratories 

Among the infrared 

research activities at 

ITT Laboratories 

PRE-LAUNCH GUIDANCE 

SURVEILLANCE 

RECONNAISSANCE 

AIR-TO-AIR SEARCH 

AIR-TO-AIR SEARCH-TRACK 

JET AIRCRAFT DETECTION 

SATELLITE TRACKING 

AIRBORNE MAPPING 

FIRE CONTROL 

TEMPERATURE CONTROL 

MEDICAL ELECTRONICS 

COMMUNICATION SYSTEMS 

CRYOGENICS 

IR MASERS 

. . . the largest American-owned world-wide 
electronic and telecommunication enterprise, 
with 101 research and manufacturing units, 14 
operating companies and 130,000 employees. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Broad Street, New York 4, N.Y. 

ITT COMPONENTS DIVISION • ITT FEDERAL DIVISION • ITT INDUSTRIAL PRODUCTS DIVISION • ITT LABORATORIES • INTELEX SYSTEMS INCORPORATED 

AIRMATIC SYSTEMS CORPORATION • KELLOGG SWITCHBOARD AND SUPPLY COMPANY • ROYAL ELECTRIC CORPORATION • AMERICAN CABLE S RADIO 

CORPORATION • FEDERAL ELECTRIC CORPORATION • ITT COMMUNICATION SYSTEMS, INC. • INTERNATIONAL ELECTRIC CORPORATION • INTERNATIONAL. 

STANDARD ELECTRIC CORPORATION • LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 
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RESEARCH AND DEVELOPMENT 

Locked Oscillator for Color Tv 
By I. N METH, 1:riii,klia\un National Lab, Upton, N. Y. 

COLOR Tv receivers require that a 
c-w signal of reference ( subcar-
rier) phase be reconstructed from 
the 8 to 12-cycle burst ( color syn-
chronizing signal) transmitted 
within the horizontal blanking in-
terval. The circuit for phase lock-
ing the locally generated subcarrier 
to the transmitted burst is called 
the color hold ( color synchronizing) 
circuit. The generated subcarrier 
establishes reference phase for the 
color demodulators. 

Variations of propagation condi-
tions, front-end tuning and drift af-
fect the level of the chroma signal, 
requiring automatic gain adjust-
ments for the chroma amplifiers. 
The chroma control signal is gen-
erally obtained by measuring the 
level of the transmitted burst and 
is commonly referred to as auto-
matic chroma control ( ace). If the 
received signal is monochromatic or 
if the chroma level of the received 
signal is below a usable minimum, 
the receiver is required to automati-
cally operate as a monochromatic 
receiver, biasing the color demodu-
lators beyond cutoff. Failure to 

8+ 
15K 
0.22 

56µµF 

I.  

470 
kikif 

X 1,000 

OUT 

56 

150 

8+ 

FIG. 1—Color hold circuit provides auto-
matic chroma control and color- killer volt-
age 

disable the demodulators for the in-
dicated conditions can result in the 
introduction of color noise to the 
picture. Color-killer sensing voltage 
can be obtained from the ace signal. 

Circuit Description 

A novel color hold circuit and con-
trol voltage source for ace and color-
killer operation has been developed. 
The circuit shown in Fig. 1 is in-
herently stable, insensitive to varia-
tions of burst amplitude and supply 
voltages, and it performs well un-

Memories Speed Computer Cycle 

Experimental magnetic-film memory has been operating in digital computer at M. I. T. 
Lincoln Laboratory since July. Read-write cycle time of 0.8 ', sec with memory elements 
of Permalloy film is achieved in computer, with cycle time as short as 0.4 ',sec achieved 
in bench tests 

der weak signal conditions. The cir-
cuit uses a passive filter to separate 
the subcarrier frequency from the 
sync burst and an injection-locked 
oscillator that combines the func-
tions of amplitude limiting and 
power amplification, which are re-
quired for direct drive of the color 
demodulators. 
The separated color synchroniz-

ing burst is obtained from the com-
posite video signal in a gated am-
plifier controlled by a 3.5-gsec pulse 
derived from the horizontal flyback 
transformer. The gate is opened 
only during the burst interval and 
closed for the rest of each horizon-
tal line, preventing extraneous 
video information and noise from 
upsetting the color hold circuit. 

All burst sidebands are removed 
from the gated synchronizing burst 
with a narrow-band crystal filter, 
producing the required c-w signal 
of reference phase. The crystal, op-
erating in its series-resonant mode, 
couples a suitable tapping point of 
the burst-separator output tank cir-
cuit (point A) with a suitable tap-
ping point of the oscillator control 
grid tank circuit (point B) form-
ing an extremely narrow band-
pass filter. 

Crystal-holder capacitance is neu-
tralized by driving a small ( 3-12 
'4) adjustable capacitor with a 
signal opposite in phase to that at 
point A. The required neutralizing 
voltage is readily obtained by ex-
tending the output winding a num-
ber of turns beyond its r-f ground-
ing point. Crystal neutralization 
prevents direct feed of unfiltered 
burst to the locked oscillator. 

Oscillation 

Oscillations at reference fre-
quency are maintained by external 
feedback from plate to suppressor 
of the oscillator tube, with the 
cathode au the common electrode. 
The control grid, being free of os-
cillator voltage, is used to electron 
couple the filtered burst into the 
oscillator circuit, injection-locking 
the oscillator in phase synchronism 
with the transmitted color burst. 
Neutralization of the grid to plate 
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Engineer sets up a problem on patch panel control center of a PACE 231-R Analog 
Computer System made by Electronic Associates, Inc., Long Branch, New Jersey. 

Tung- Sol electron tubes fill 

key sockets in computers! 

Accurate and efficient computer operation 
permits no compromise on component 
quality. That's why Electronic Associates, 
Inc.—pioneer and leader in analog com-
puter development and manufacture — 
specifies only materials of proved relia-
bility for its Precision Analog Computing 
Equipment. In line with this policy, Tung-
Sol tubes hold important posts in the 
231-R and other EA! PACE systems. 

EAl's experience matches that of the 
many other manufacturers who rely on 
Tung-Sol tubes. EAI requires tubes that 
consistently contribute high-grade de-
pendability to operating efficiency. Special 

'musts' for EAT computers are electrical 
stability and ability to handle initial cur-
rent surges. Tung-Sol tubes have satisfac-
torily demonstrated these characteristics. 

If your design calls for tubes or semi-
conductors, or combines both, specify 
Tung-Sol! Past performance in electronic 
equipment of all types—computers, com-
munications, radar, industrial—lets you 
do so with full assurance of full-life 
dependability. For data on Tung-Sol tubes 
and semiconductors and how they can 
be applied most efficiently in your circuit, 
contact: Tung-Sol Electric Inc., Newark 
4, New Jersey. TWX:NK 193 

*TUNG-SOL 



small.., butM1 

COMAR'S SUB- MINIATURE TYPE SM 

Less than an Inch long Weighs less than 1/3 oz. 

r 

big relay performance 
in crystal can size 

A high precision, efficient sub-miniature relay. 

Constructed to withstand severe vibration, heavy shock and 

temperature extremes. For control systems, missiles, 

computers, aircraft and similar applications requiring 

miniature size and dependable performance. 

Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull- In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 570 Ohms. 
Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D. C. Resistive (max.). 

Maximum Operate Time ( N.O. Contacts): 4 Milliseconds. 

Maximum Release Time (N.C. Contacts): 3 Milliseconds. 

Maximum Contact Bounce: 1 Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 

Minimum Insulation Resistance: 100 Megohms. 

Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 " G" for 11 Milliseconds. 

Vibration: 20 "G"-5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .45 Oz. 

Meets MIL-R-25018 and MIL- R-5757C specifications. 

Send for Bulletin SM 

CO /AR 
ELECTRIC COMPANY 

3349 ADDISON ST., CHICAGO 18, ILL. 

j RELAYS • SOLENOIDS • COILS • SWITCHES • HERMETIC SEALING 

capacitance is accomplished with a 

small unbypassed screen resistor 
without which quadrature feedback 
of oscillator to the control grid 

would upset the reference phase es-
tablished by the color synchronizing 
signal. Oscillator output is derived 

from the output winding, induc-
tively coupled to the oscillator tank 
circuit. 
The filtered burst is clamped by 

the grid-cathode diode in the oscil-
lator tube, developing a burst re-
sponsive bias voltage at the control 

grid. Detected bias voltage is fil-
tered and delivered to terminal C 
for use with ace and color-killer 
circuits. 

The oscillator tube may be used 
to provide additional d-c amplifica-
tion for the detected burst-respon-
sive bias voltage by a simple boot-

strap arrangement. The cathode is 
returned to ground via a parallel 
RC network; R is effective d-c load 
and C holds the cathode at r-f 

ground potential. The control-grid 
tank circuit is returned to the cath-
ode, rather than to ground, causing 
the clamping action to develop be-
tween grid and cathode. An ampli-
fied bias voltage appears between 
cathode and ground, which is fil-

tered and delivered to terminal C 
for use with ace and color-killer cir-

cuits. This bootstrap arrangement 
preserves the proper phase relation-
ship for the control-voltage source. 

Simple Heart Pacer 

Is Highly Reliable 

By L. D. TRUMP and R. L. SKINNER 

EXPERIMENTAL heart-stimulating 

circuit may aid those suffering 
from heart block. In this condition, 
the heart may not beat or may beat 
very slowly unless stimulated. 

10 MEG 1.5 MEG 

FIG. 1—frequency of simple relaxation 
oscillator is controlled between 60 and 
200 ppm by R2 
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Battery-operated heart pacer in small 
package can be mounted on harness of 
test animals 

The portable pacer supplies elec-
trical pulses that drive the heart at 
the desired rate. Output of the 
pacer is connected directly to the 
heart by small wires. 

Simplicity of the circuit in Fig. 
1 makes it very reliable. The entire 
assembly mounted in a small box 
can be carried about by a human or 
fastened to a dog harness as shown 
in the photograph. The circuit is 
simply a gas tube relaxation oscilla-
tor. Capacitor C, is charged through 
R, and R, until ionization voltage of 
the gas tube is reached. After the 
tube fires, C, is discharged through 
the primary of the transformer. 
The transformer is a stepdown 

unit because impedance of the heart 
is only a few hundred ohms. Trans-
former output is a pulse of 3 to 4 
millisec duration and has an ampli-

tude of about 10 volts. Charging 
rate of C„ and thus frequency of 
output pulses, is controlled by R, 
to give an output from 50 to 200 
ppm. Total battery drain is only 
about 18 ¡Lamp. One unit has been 
continuously running for about 8 
months on the original battery. 
An NE 51 neon bulb may be sub-

stituted for the OB 2 tube. This 
substitution results in lower output 
voltage. 

This heart pacer has proved 
satisfactory on many research ani-

mals. In one case, it was used on an 
animal with an intentionally intro-
duced heart block. The animal can 
be exercised on a treadmill while 
its heart is controlled at a fixed 
rate. This enables the researcher 

to obtain information on the mech-
anism that controls heart beat rate. 

NEW IDEAS IN 
PACKAGED POWER 

for lab, production test, 

test maintenance, or as a 

component or subsystem 

in your own products 

3 new Sorensen transistorized 
d-c supplies can solve your lab, 
production and design problems 

In the Sorensen "Q" Series, you can 
select from the most complete line of 
fully transistorized, highly regulated 
low-voltage d-c supplies on the market: 
QR-Nobatrons, (shown above, left) with 
output continuously adjustable down to 
zero volts, are ideal for labs or wherever 
maximum flexibility is required. Two 

models, QR36-4A and QR75-2, put out 
respectively 0-36V at up to 4 amps and 

0-75V at 2 amps. Regulation of QR36-
4A is ±-0.025% or 4 MV for combined 
line and load variations. Input: 115vac 
50-400 cps available for either bench 
or rack- panel (51/2 " x 19") use. 

Q-Nobatron0', with 2:1 adjustable out-
put, can render outstanding service in 
semi-permanent lab set-ups, in produc-
tion test, or integrated into your own 

product. Available in 15 models up to 

200 watts capacity with 6, 12 or 28 
volts out. Specs and packaging are simi-
lar to QR models above. Models for 

±-0.25% or -±-0.05% regulation are 
available. Lower wattages are available 
two to a single rack panel (31/2" or 
51/4" x 19"). 

QM-Series, solder- into-the- circuit sup-
plies (shown above, right) mount like a 
potted transformer or choke and come 

in 36 variations: nine voltages from 3.0 
to 36vdc, regulated ±0.05%; and four 
wattages, 2, 4, 8 and 15. Input 50/60 
and 400 cps at 115vac. ( Incidentally, 
Sorensen also offers similarly packaged 
DC-to- DC and DC-to-AC converters.) 

Ask us, or your nearest Sorensen rep-
resentative, for the complete story on 

these precision transistorized regulated 
d-c supplies. 13.42 

SORENSEN 8, COMPANY, INC. 

S Richards Avenue, South Norwalk, Connecticut 

WIDEST LINE OF CONTROLLED-POWER 

EQUIPMENT FOR RESEARCH AND INDUSTRY 

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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COMPONENTS AND MATERIALS 

Ceramic Wafer Tubes for Modular Units 
By C. P. MARSDEN, Chief, Electron Devices Section, National Bureau of Standards, Washington, D. C. 

Mechanized assembly and proc-
essing means have been designed 
and constructed to show that ce - 
ramie wafer tubes can be pro-
duced with a yield of better than 75 
percent and with a high degree of 
reliability and ruggedness in mili-
tary environments. This article 
discloses the design, methods of fab-
rication and the processing of these 
tubes. 
CERAMIC WAFER tubes, conceived 
and developed at the National Bu-
reau of Standards, demonstrate 
that tubes with a minimum 1,000-hr 

TOP 
CAP 
ViAFER 

.'"-ANODE 

RECESS 
ANODE 
WAFER 

GRID 

GRID 
WAFER 

TOP 
CATHODE 
WAFER 

.  CATHODE 

BOTTOM 
CATHODE 
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BOTTOM 
SPACER 
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BOTTOM 
CAP 
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FIG. 1—Printed wafer tube developed 

at the National Bureau of Standards. This 

view is of an unassembled single-sided 

triode that uses printed conductors 

- 

FIG. 2—Cross-section view of twin triode 

ceramic wafer tube. The three top shapes 

are repeated in the bottom half of the 

tube in reverse order. Simple wafer de-

sign makes stacking and assembly easy 

FIG. 3—Assembled ceramic wafer tube 

life at 300 C can be produced with 
simple automatic equipment. 
These tubes are designed to be 

compatible with the Tinkertoy' 
module, which contains only passive 
circuit elements. The main objec-
tive of the tube development pro-
gram, supplemented by a contract 
with Sanders Associates, Inc., 
Nashua, N. H., has been to produce 
a rugged, reliable tube easily adapt-
able to high-speed, low-cost auto-
matic assembling and processing. 

Five tube types have been devel-
oped: a twin diode, a high-mu tri-
ode, a low-mu triode, a sharp cut-
off pentode, and a remote cut-off 
pentode. Electrical characteristics 
of these tubes are similar to a num-
ber of military tubes now in wide-
spread use. 

Physical Description 

The exploded view of a single-
sided triode, Figure 1, shows the 
simplicity of the design. The tube 
consists of seven notched wafers, 
4-in. square and 0.040-in. thick. The 
hole that forms the vacuum cham-
ber is 0.340-in, in diameter. A silk-
screen-printed metallic ring on each 
side of a wafer provides a vacuum-
tight seal when brazed. 
Anode and grid structures are 

pie-plate shaped. These elements 
drop into recesses around the edges 
of the holes in the wafers and make 
contact with printed conductors 
that extend out to the wafer 

notches. The The anode material is 
0.005-in, nickel, and the grid is 
formed from a fine tungsten mesh, 
gold-plated and fused. The flat ox-
ide-coated cathode structure con-
tains a coiled heater. 
The only close dimensional tol-

erances are the thickness of the 
wafers and the depth of the grid 
and anode "pie plates." No parts 
other than the wafers require ori-
entation. 

Design Characteristics 

The tubes were designed to sat-
isfy military requirements of rug-
gedness, reliability, low noise, and 
fast warm-up. Parts that are known 
to reduce tube reliability, such as 
micas, getters, tubulations, welds, 
and glass, have been eliminated. 

Particular emphasis was placed 
on designing tubes with low inter-
electrode capacitance, low vibration 
noise, high interelectrode resist-
ance, good shock resistance, and 
long life at high ambient tempera-
tures. Measurements of some 
characteristics of production-line 
tubes show 20-sec average warm-up 
time, interelectrode resistance over 
100 megohms throughout tube life, 
interelectrode capacitances ranging 
from 3i to 6 µµf, and white-noise 
vibration output less than 100 mv. 

Production 

Tubes are assembled by stacking 
wafers and components in the 
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a continuing serieS on technical tOpic9 

of specific interest to engineers 

the significance of envelope delay 
in communication networks ... 

The design of electronic wave filters is an exact sci-
ence requiring painstaking attention to even the most 
minute detail. Of no less importance is the preparation 
of filter performance specifications. The transmission 
of pulsed sinusoids, steep-front modulation envelopes 
and other complex wave forms in modern telemetry, 
speech and facsimile systems has made the preparation. 
of adequate component specifications an absolute neces-
sity. The omission of a single required performance 
detail can lead to serious malfunctioning of the compo-
nent in the completed system. 

Envelope delay is one of the important characteris-
tics in filter applications requiring minimum distortion. 
of the transmitted signal. The systems engineer must 
give proper attention to this requirement. Mathema-
tically, envelope delay may be defined as: 

d /3 
d = — 

d w 

Where: Td = envelope delay in seconds 
/3 = phase shift in radians 
w = angular frequency in radians per second 

To hold distortion to a minimum, the envelope delay 
must be nearly constant over the entire frequency spec-
trum of the transmitted signal. It is the constancy of 
envelope delay rather than the actual magnitude of the 
delay which governs a network's ability to transmit a 
complex wave form without introducing objectionable 
distortion. The distortion arising from non-constant 
envelope delay is termed envelope delay distortion. From 
the above equation it is apparent that Td is constant as 
long as phase shift varies linearly with frequency. Un-
fortunately, the realization of a filter network with per-
fectly linear phase shift over its entire pass band is not 
always practical or even possible. For this reason, the 
systems engineer should carefully evaluate the degree of 
constancy of Td which his system requires as well as 
the range of frequencies over which Td must be main-
tained nearly constant. 

FIG. I 

Illustrates the 
relationship 
between phase 
shift and en-
velope delay. 

eT, 
9 /". 

4IICULAR FREQUENCY 

The effect of envelope delay distortion on a trans-
mitted signal is illustrated in figure 2. Figure 2 (a) 
shows the input signal. It is composed of a fundamental 
frequency plus the third and fifth harmonics. Figure 2 
(b) shows the output signal. The network has shifted 
the fundamental frequency by 45°, the third harmonic 
by 90° and the fifth harmonic by 180°. The net result 
of such non-linear phase shift is a highly distorted out-
put signal. If components of the wave had been shifted 
45°, 135° and 225° respectively, the signal would have 
been transmitted without distortion. 

FIG.II (a) 

.45 

PIG. 11(b) 

TIME 

INPUT WAVE FORM 

AND ITS COMPONENTS 

TIME 

OUTPUT WAVE FORM 

AND ITS COMPONENTS 

Since envelope delay is defined as the derivitive of 
phase with respect to frequency, exact measurement of 
envelope delay is difficult. In practice, however, enve-
lope delay may be approximated by the following defini-
tion: 

T d — 
— 1 

f2 — f 360 

Where: (; 2=" phase angle in degrees at f2 

phase angle in degrees at f 

i2 = frequency in cycles per second at which 
phase shift equals 02 

= frequency in cycles per second at which 
phase shift equals 01 

T d is the average envelope delay between f2 and 
fi • By convention, T d is assumed to be the enve-
lope delay at a frequency equal to 1/2 (f + f2). When 
the approximate formula is used to calculate envelope 
delay from empirical phase shift versus frequency data, 
it should be remembered that the approximation holds 
only for small differences between f 1 and f2. 

The IBM "650" 
computer services 
maintained at Sang-
amo materially aid 
our design engineers 
in solving compli-
cated networks for 
envelope delay, phase 
shift and attenuation 
characteristics. 

Write for Inductive Component Bulletin Series IC-260 
SC-59-7 

SANGAMO ELECTRIC COMPANY, Springfield, Illinois 

--designing towards the promise of tomorrow 
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RECONNAISSANCE 

SYSTEMS 

ir A 
1i ,j 

  - 1111   4.1 

ADVANCED RECONNAISSANCE system developments at 

Melpar provide unusual opportunities for the technical advance-

ment of participating professional personnel. Technological chal-

lenge in an area vital to our national defense assures our engineers 

and scientists that their contributions will have lasting significance. 

Melpar's reconnaissance systems engineering department has 

achieved national recognition for its outstanding accomplishments 

in the fields of acquisition, processing, and interpretation of intel-

ligence. Techniques resulting from our deep probes into advanced 

aspects of electronics, optics, and physics are being quickly 

translated into operational equipment for the armed forces. 

Positions in the following areas offer particular challenge at this time: 

Reconnaissance Systems 

Airbourne Equipment 

Ground Data Handling Equipment 

Simulation & Training Systems 

Communication & Navigation Systems 

Ground Support Equipment 

Detection & Identification Systems 

Antenna & Radiation Systems 

Chemistry Laboratory 

Applied Physics Laboratory 

Production Engineering 

Quality Control 

Melpar's remarkable growth continues to create attractive 
opportunities for the exceptional engineer and scientist. 

Your own intellectual dimensions govern remuneration and 

assignments. 

For Details 

Wire Collect or Write to: 

Professional 

Employment Supervisor 

INTERVIEWS ARRANGED IN YOUR LOCALE 

111/11ELPAR 7-77INC 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3306 Arlington Boulevard, Falls Church, Virginia 

in Historic Fairfax County 
10 miles from Washington, D. C. 

proper order in a simple jig. This 
assembly is introduced into a vac-
uum and heated to a high tempera-
ture. The combination of heat and 
vacuum serves to degas the tube, 
activate the cathode, and braze to-
gether the metallized surfaces of 
the ceramic wafers to make a her-
metically sealed unit in a single op-
eration. 

This processing is carried out in 
a continuous vacuum furnace. It 
is essentially a long vertical pipe of 
heat-resistant alloy steel, sur-
rounded by a heating unit, and open 
to the atmosphere at both ends. 
Through the pipe passes a series of 
hollow carriers containing tube as-
semblies. Adjacent carriers are sep-
arated by short pistons fitting 
closely inside the pipe. These parts 
are introduced into the top of the 
pipe at atmospheric pressure; once 
inside, the air is evacuated through 
ports along the side of the pipe and 
through holes in the carriers. After 
processing, the parts are removed 
from the lower end of the pipe, at 
atmospheric pressure and at re-
duced temperature. The ceramic 
tubes are then ready for testing. 

Evaluation 

Tubes produced by this method 
were tested at normal electrical 
operating conditions for more than 
1,000 hrs at room temperature and 
at 300 C. with less than 15 percent 
change in transconductance. They 
were also subjected to shock with-
out loss of characteristics and vi-
brated at 15 g with noise output of 
less than 100 mv over the complete 
audio range. 

Development Program 

The wafer tube was conceived as 
part of an electronics development 
program formerly code-named Proj-
ect Tinkertoy: The Modular Design 
and Mechanized Production of Elec-
tronics. The basic objective in es-
tablishing this project, sponsored 
at NBS by the Navy Bureau of 
Aeronautics, was the development 
of facilities or systems suitable for 
rapid mobilization in emergency 
periods. Circuitry and component 
activity was brought to a pre-sched-
uled conclusion in 1956, and private 
industry has carried it on since 
then. However, the tube develop-
ment part of the program has been 
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continued by the National Bureau 
of Standards. 

REFERENCE 

( 1 ) Project Tinkertoy, NBS Tech 
News Bul. 37, 11 Nov. 1953. 

Advanced Image Tube 
Now Being Developed 
IMAGE TUBES can make present op-
tical telescopes equal, in observing 
power, to instruments 21 times their 
actual size. Such tubes contain a 
sensitive surface of cesium with an 
antimony base. They do the work 
of coarse-grained photographic 

plates in telescopes, but much 
better. 

Gerald E. Kron, astronomer at 
the University of California's Lick 
Laboratory, has been working full 
time for over half a year to develop 
an improved image tube, and now 
reports excellent progress. 

The best image tube made so far 
has been designed by Andre Lalle-
mand, a French astronomer. How-
ever, the key component of this 
instrument—the sensitive cesium 
surface—must be sacrificed after 
each experiment, and tedious pro-
cedures repeated to put the tube 
back into operation. 

In an image tube, the cesium-
antimony cell is the cathode in an 
electronic circuit. When photons, or 
packets of light energy from a star 
under observation, strike this cath-
ode, electrons come off the other 
side of the surface. These electrons 
are accelerated towards the anode, 
a fine grain photographic film. 
The electrons are focused sharply 

by a series of charged, annular 
rings through which they pass. The 
film makes a permanent record of 
the image. However, the cesium 
surface is easily contaminated. 
Kron is designing a very high 
vacuum unit, free of contamination, 
into which he can insert and remove 
films routinely without cell damage. 
He reports significant progress 
using the latest vacuum techniques 
and substituting fluorine plastics 
for rubber. A two-inch field, now 
used, would cover the whole field 
of the prime focus for the 120-inch 
telescope nearing completion at Lick 
Laboratory, and would make it 
equal to a 300-inch telescope. 

BENDIX 
TRANSISTOR 
VERSO IFFY 

POWER SUPPLY • AUDIO AMPLIFIER ( CLASS A OR B) • AUDIO OSCILLATOR • POWER 
SWITCH • TRANSISTOR DRIVER • SERVO CONTROL • RELAY DRIVER • MOTOR CONTROL 

CHECKMATE HIGH COSTS AND DESIGN LIMITATIONS 

The new Bendix' "yeoman" driver tran-
sistor series is engineered to perform 
over a wide range of audio frequency 
applications. The new 2N1176 series 
will find broad use wherever reliability, 
versatility and low cost are primary 
design requirements. 

Each of the three "yeoman" models, 
2N1176, 2N1176A and 2N1176B, has a 
different voltage rating, but all are con-
tained in a rugged, welded JEDEC 
TO-9 package. Dissipation ratings are 
300 mW at 25°C and 50 mW at 75°C. 
Higher voltage rating and high current 
gain coupled with a more linear current 
gain curve yield low distortion and 
efficient switching. Saturation resistance 

is ‘ ei, lo‘s. — twital N. aloes are 1 ohm 
measured at 100 mAdc. 

Write today for the new Bendix 
Semiconductor Catalog for more infor-
mation on our complete line of power 
transistors, power rectifiers and driver 
transistors. SEMICONDUCTOR PRODUCTS, 
BENDIX AVIATION CORPORATION, LONG 

BRANCH, N. J. 

TYPICAL 
MAXIMUM RATINGS OPERATION 

2N1176 
251176A 
25117613 

Vce lc Pc Tj Current Gain 
Vdc mAdc mW °C hFE at lc 

15 300 300 85 50 10 mAdc 
40 300 300 85 50 10 
60 300 300 85 50 10 

West Coast Soles Office: 117 E. Providencia Avenue, Burbank, California 
Midwest Sales Office: 4104 N. Harlem Avenue, Chicago 34, Illinors 
New England Sales Office: 4 Hoye Road, Tewksbury, Massachusetts 

Export Sales Office: Bendix International Division, 205 E. 42nd Street, New York 17, New York 
Canadian Affiliate: Computing Devices of Canada, Ltd., P.O. Box 508, Orrawo 4, Ontario, Canada 

-̀5PeeNanne Division 'Mode 
AVIATION CORPORATION 
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PRODUCTION TECHNIQUES 

Ferrules Shield Multiconductor Cable 
By FREDERICK C. MARCH, Omaton Div., Durndy Corp., Norwalk, Conn. 

Exploded view of cable ends prepared for terminating. Left to right are miniature 
connector, potting shell, inner and outer ferrules. Individual conductors are pulled 
through braid shielding. All shields are folded back under inner ferrule and then 

brought back over the ferrule 

Assembled and potted connector ready 
for termination of shields. All conductor 
ends are stripped and attached to con-
nector contacts. Potting shell and inner 
ferrule are in position 

TERMINATING SHIELDS on multicon-
ductor cable used with round con-
nectors can be troublesome. Space 
limitations prevent bridling the in-
dividual shields with standard com-
pression type connectors for 
shielded cable. 
For the Thor and Jupiter missile 

programs, a series of large Hyring 
compression sheath connectors were 
developed. These permitted ground-
ing all shields by a single ground 
wire, terminated in a pin or socket 
of the AN type connector. 
The problem was intensified in 

cable assemblies for the new solid-
fueled Pershing missile, where 
there is even less space behind the 
connector for terminating the 
shields. 
The solution was to shorten both 

the inner and outer ferrule of the 
connector and to develop a new ter-

Completed cable assembly. Outer ferrule 
is slipped forward and positioned over 
conductor shields and ground wire. As-
sembly is crimped in Hypress compression 
tool with proper die set 

mination technique (with Army 
Ballistic Missile Agency laboratory, 
Redstone Arsenal and the prime 

contractor, The Martin Company, 
Orlando, Fla.) Both ferrules have 
been designed dimensionally for 
each standard shell size from No. 
8 through No. 24. The photographs 

Old method (left) and new. Formerly all 
shields and the ground wire were soldered 
to common points. New technique grounds 
shield compactly, economically 

show assembly steps and compare 
the new technique with the old 
method of soldering shields and 
ground wires to common points. 
Martin has found that the new 

procedure speeds production and 
cuts costs appreciably. Sample in-
stallations by Burndy indicate that 
the time required to terminate the 
shields of a 50-conductor cable, for 
example, can be cut from about 5 
hours to as many minutes. 

Copper Braze Allows 
Steel Heat Treating 
SILVER BRAZING is commonly used 
in electronic production. But cop-
per brazing is an alternative method 
which permits high temperature 
processing after brazing. 
The following method of copper 

brazing was devised by John Gom-
bos Co., Clifton, N. J. to fix 52100 
tool steel pivots on RH Monel gyro 
gimbals. The steel is hardened to a 
minimum of Rockwell 60 after 
brazing. A customer had specified 
silver braze, which was consistently 
damaged by the temperatures re-
quired for heat treating. Copper, 
99.9 per cent pure, allowed a suc-
cessful braze, without flux. 

Gimbal brazing surfaces are fin-
ished to 32 microfinish or better and 
ultrasonically cleaned. Braze areas 
are liquid honed with a glass par-
ticle compound (Brite Blast 1,000) 
to clean any oxidation and slightly 
roughen the surface to facilitate 
brazing. 
The castings are rinsed and 

stored in water. The honing is done 
just before brazing and underwater 
storage prevents oxidation in the 
interim. This method will also pro-
tect other high nickel alloys, Gom-
bos reports. 

Pivot braze areas are plated with 
0.0005 inch of pure copper. The 
plating is the braze material. A 
copper braze ring is also used to 
provide a fillet. Gloved hands are 
used to assemble the gimbals, pivots 
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AT LAST! 

Instrumentation Amplifiers 
with no moving parts 

V iREDCOR MODEL 361 
Differential DC Amplifier 

• 200 KC Bandwidth 
• 100 megohm input impedance 
• 120 db common mode rejection 

REDCOR MODEL 259 
Operational DC Amplifier 

• 200 KC Bandwidth 
• 0.001 ohm output impedance at dc 
• .03% gain accuracy 

REDCOR MODEL 260 
Potentiometric DC Amplifier 

• 200 KC Bandwidth 

• 100 megohm input impedance 
• 0.002% gain accuracy 

New Transistorized Choppers 
mean Low Noise...High Reliability 
Here is the first line of completely solid state 
amplifiers with solid state choppers for DC 
stabilization. These long life amplifiers have 
integral power supplies and operate over a wide 
temperature range. They meet the urgent 
need for wide-band, highly accurate amplification 
where noise reduction and reliability are of 
prime importance. 

Redcor Development Corp. 
Van Nuys, Calif. 

Technically Represented By 

1905 Armacost Avenue, Los Angeles 25, California • GR 8-4247 
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HOW SOLVED 

ListpOggibk 
DELAY LINE 

FORA 

MISSILE 

2% times smaller than standard 
...and a ratio of better than 60! 

Everyone stubbed his toe on this project, until Sickles engi-

neers used their skill. Needed for an important missile 

development, the delay line had to meet all the extreme 

environmental conditions inherent in space flight and 
occupy 30% less space than usual. 

Because Sickles has no "standard" line, nor any pre-con-

ceived notions, we developed some special tricks. With the 

customer's cooperation our engineers concentrated on the 
important requirements and attained a high degree of pre-

cision in all electrical parameters. The result is an unortho-

dox — but highly successful — multiple section lumped 
constant line with a delay to rise time ratio of better than 

60 to I. And it fits neatly into a space most engineers thought 
unfeasible. 

Sickles' specialized skills and vast production capacity plus 

experience and creative imagination can help solve your 
delay line problem too. May we have a qualified represen-

tative discuss it with you? For information, write to 
Section 60. 

F. W. SICKLES DIVISION 
/General Instrument Corporation 

Leaders in electronic coil winding 
and assembly since 1921 

165 Front Street (P. 0. Box 330) Chicopee, Mass. 
Other plants $ n Joliet. Ill. and Waterloo, Ont., Canada 

GENERAL INSTRUMENT CORPORATION INCLUDES F W. SICKLES DIVISION. 

AUTOMATIC MANUFACTURING DIVISION. RADIO RECEPTOR COMPANY. INC. 

ND MICAMOLD ELECTRONICS MANUFACTURING CORPORATION ( SUBSIDIARIES/ 

and rings in the brazing fixtures. 
Brazing is done in a pusher type 

furnace in dissociated ammonia, or 
in a bell type furnace in dry hy-
drogen. 

Completed assembly. Pivots are brazed to 
Mane: body 

Liquid honing prepares braze areas by 
cleaning and roughening 

Water protects cleaned nickel alloy during 
temporary storage 

Temperature is held at 2,050 F 
for 25 to 35 minutes. The assembly 
is cooled in an atmosphere chamber 
for 35 to 45 minutes. 
The steel is annealed in an atmos-

phere furnace for 2 hours at 1,250 
F and then is cooled at 50 degrees 
an hour. After machining, it is 
hardened in a neutral atmosphere or 
neutral salt bath at 1,525 to 1,550 
F and quenched in oil at 110 to 140 

F. It is tempered in an air furnace 
at 250 F for 2 hours. Finish ma-
chining follows. 

Only the pivot is hardened since 
the temperatures used are not high 
enough to disturb the Monel. The 
Monel is stress-relieved, however. 
Low sulfur oil is used for machining 
and quenching. Castings and pivots 
are periodically checked by Die 
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of your own copies of 

electronics 

SPECIAL ISSUES TO COME 

Electronic Instruments for 

Design and Production 

Sophisticated Communications 

Methods 

Materials for Environmental 

Extremes 

Electronics Statistics 

This subscription card is for NEW subscribers. 

It is not intended as a renewal notice. If 

you are already personally subscribing, we 

shall appreciate your passing the form to 

one of your associates. Thank you. 

ELECTRONICS now brings you . . . 

. . . latest technological and economic data c:nd what it means to the Electronics 
Industry — and to you! 

Every Friday, your personal subscription to ELECTRONICS delivers to you an 
ALL- IN-ONE fact- packed manual — the easy, practical way to make sure you're 
among the best informed electronic engineers and managers. 

Specifically, each issue will cover Design, Research, Engineering, and Manu-
facturing . . . plus the Trends, Economic Developments, Markets, and Produc-
tion Figures which interrelate with the Technical Breakthroughs and Economic 

Pressures. 

...and HERE'S HOVq, 

NEW subscription ORDER FORM 
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for 2 years, $9 
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company address 
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Attached 
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Zone State 
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Check, Magnaflux or Zyglo methods 
to determine if any cracks or other 
defects have occurred. 

Tapered Mandrel Puts 
Retainers onto Shaft 

Hopper-fed station rapidly places retain-

ing rings on control knob shaft 

RETAINING RINGS may be auto-
matically placed on assemblies by 
pushing them down over a free-
floating tapered mandrel. The as-
sembly station shown was developed 
by Wakles Kohinoor. Inc„ Long 
Island City, N. Y., to place its ex-
ternal-type Series 5100 rings on a 
control knob stud and disc assembly. 

Rings fed from a vibratory hop-
per are fed one at a time by an 
escapement. They drop onto the 
narrow upper portion of the 
mandrel and are pushed down by a 
sleeve. The rings are expanded by 
the bottom of the mandrel, slightly 
larger in diameter than the control 
knob shaft, and snap into a groove 
in the shaft. 

Initially 2 mechanical fingers hold 
the mandrel upright. As the sleeve 
descends, the fingers are pushed 
aside and the mandrel is supported 
by the workpiece. As the sleeve re-
tracts, the fingers return to sup-
port position and a bracket on the 
sleeve actuates the escapement. 

Machines vary according to ap-
plication. In most cases, Waldes 
Kohinoor supplies the ring user 
with basic components or construc-
tion plans. 13 

NEW FROM SPECTROL 

The Industry's First Complete Line of 

Multi-Turn Precision Potentiometers 
Spectrol's sturdy new metal 

multi-turns are as tough to push out 
of shape as Sir Spectrol, our man 

in armor. Available in eight models, 
featuring anodized aluminum 

cases with 3/16 inch thick walls that 
absorb no moisture — dissipate 

more heat faster and stay 
dimensionally stable. These 

armored pots, four 3-turn and 
four 10-turn, will operate from 

—55°C to +125°C and 
withstand relative 
humidity of 95%. 

You can choose diameters of 7/8, 1, 
1-5/16 and 1-13/16 inches in both 
three and 10-turn models. Standard 
linearity tolerance is --t• 0.25% with 
special linearity available to :t 0.020%. 
Like Sir Spectrol, the man in the iron 
suit, the new metal multi-turns will take 
a respectable jolt. They function to 
20g vibration from 55 to 2,000 cps 
and withstand 30g shocks. 

For more details, call your Spectrol engineering representative listed 
in the yellow pages or write us direct. Please address Dept. 18A. 

MODEL 

No. of coil turns 

Diameter ( inches max.) 

Standard resistance 
range in ohms (+ 3%) 

Special resistance to 

540 530 580 560 780 790 880 840 

10 3 10 3 10 3 10 3 

Yte 1 2 13Ç,, 

25- 10- 25- 10- 30- 10- 50- 20-
125K 36K 150K 40K 300K 90K 400K 120K 

250K 75K 250K 75K 750K 240K 1 meg 330K 

ELECTRONICS 
CORPORATION 

1704 South Del Mar Avenue 

San Gabriel, California 

Be sure your pot's In armor! 

... 
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On The Market 

Power Amplifier 
3-kw unit 

MB ELECTRONICS, 20 Fitch St., New 
Haven 11, Conn. Model T-151 is a 
3-kw power amplifier for vibration 
testing. The console unit's distor-
tion is less than 5 percent at full 

output. Noise and hum level is at 
least 40 db below signal level at full 
output. Unit features a new auto-
matic power-factor corrector, and a 
new 5-5,000 cps wide band cycling 
oscillator with automatic accelera-
tion and displacement control. 

CIRCLE 200 ON READER SERVICE CARD 

A-C Voltmeter 
transistorized 

HEWLETT-PACKARD Co., 275 Page 
Mill Road, Palo Alto, Calif. Model 
403A portable, battery-operated 
a-c voltmeter has a useful fre-
quency range of 1 cps to 1 me. It 
measures a-c voltages from 1 mv 
full scale to 300 y full scale with 

an accuracy of -±5 percent from 5 
cps to 500 kc, and .±5 percent above 
and below this range. Unit has 12 
voltage ranges and also reads db 
from —72 to +52 db. Battery life 
is 400 hr. Noise is less than 50 
etv, and the instrument is com-
pletely isolated from power line or 
ground interference. Price is $250. 

CIRCLE 201 ON READER SERVICE CARD 

Thermistor Bridge 
precision unit 

WEINSCHEL ENGINEERING, 10503 
Metropolitan Ave., Kensington, Md. 
Model TB-2 d-c thermistor bridge 
is completely self-contained except 

for the external thermistor mount 
and has an accuracy of 11•6 of 1 per-
cent of substituted power. This 
equipment is designed for use in 
the calibration of the output of 
signal generators at 1.000 mw. 

CIRCLE 202 ON READER SERVICE CARD 

Disk Indicator 
medium-sized 

BALDWIN-LIMA-HAMILTON CORP., 42 
Fourth Ave., Waltham 54, Mass. 
The SR-4 type 12 disk indicator was 
developed specifically for use in 
measuring and control systems 
which employ resistance strain gage 
transducers. It provides the ac-
curacy and ease-of-reading of larger 

units, but requires less than a sq ft 
of panel area for mounting. It fea-
tures a horizontal read-out window 
and up to 500 engraved dial gradu-
ations for fast, accurate reading. 
Unit is an automatic, null-balance 
type using à servo-driven slide wire 
to balance an internal bridge cir-
cuit. Specified accuracy is -_L-0.15 
percent of full scale. 
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Terminal Block 
side entry type 

TWIN LOCK INC., 1024 W. Hillcrest 
Blvd., Inglewood, Calif. The T-1010 
side entry terminal block is largely 
designed for use with ground sup-
port equipment such as missile 
launchers, trailers and test stand 
equipment. It is constructed of a 

molded phenolic base with rein-
forced barriers between the num-
bered, easily-read terminal cavi-
ties; one cavity will accommodate 
four terminals. Up to 40 connec-
tions can be made with one block. 
Adjacent terminals can be bussed 
together with TwinLock jumpers. 
Block measures 5 in. long by 11 in. 
wide by l in. high. Terminal lugs 
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NEW 
MODEL 803 
$845.00 

NOW ... make precise measurements of either DC or AC volt-

ages with this all new jf instrument. Use the 803 as an AC 

Differential Voltmeter, DC Potentiometer or DC,' AC VTVM. 

Actually 3 INSTRUMENTS IN ONE. 

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

Accuracy: 05% from . 1 volt to 500 volts 

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

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

Input Resistance: Infinite at Null 

Resolution: . 005v at 500v to .00005v at .1v 

AC 
Accuracy: . 2% from .5 volt to 500 volts from 

30 CPS to 5 KC 

Input voltage ranges: 500-50-5v 

Null ranges: 1 0-1-.1-.01v 

Input Impedance: 1 Meg. shunted by approx. 

25 mmf 

Resolution: .005v at 500v to .00005v at . 1v 

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

contact our engineering representative in your area 
Cabinet Size: 93'4 x 13 x 17—Price: $845.00 F.O.B. Seattle factory 

JOHN FLUKE MANUFACTURING CO., INC. r 
1111 West Nickerson - Seatttle 99, Washington J 
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and block sockets are gold plated 
to meet environmental conditions 
of salt spray and humidity. 
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F-M Receiver 

less than 200 w drain 

ALTO SCIENTIFIC CO., INC., 855 
Commercial St., Palo Alto, Calif. 
Model XN-305-A f-m receiver can 
be tuned -±15 mc from its center 
frequency of 288 mc. With an input 
sensitivity (for limiting) of 10 mv, 
a video output of 2 y peak is ob-
tained with a 20 mc swing. The in-
strument's output discriminator 
has a linearity of 5 percent over a 
20 mc band, while the total i-f band-
width is 24 me. Video response 
ranges from 100 ep•-; to 4 me. 
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NOW! 

sierra 
u3) 

SIERRA 

Power Transistors 
series of nine 

BENDIX AVIATION CORP., Long 
Branch, N. J. Series of nine power 
transistors with high d-c current 
gain and flat beta curve for power 
switching and power control. In-
dustrial applications include d-c/ 
d-c converters, d-c/a-c inverters, 
static converters and regulators, re-
lay replacements and drivers for 
relays, magnetic clutches, and sole-
noids. 
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Toroidal Inductors 
to 500 mh 

BURNELL & CO., 10 Pelham Park-
way, Pelham, N. Y. MT 34 Kernel 

microminiature toroidal inductors 
for printed circuit use are supplied 
with inductances up to 500 mh; 
recommended frequency is 30 kc 
max; Q is greater than 55 at 25 kc; 
size is 0.437 o-d by es in.; spacing 
between leads 0.3 in., and weight, 
0.06 oz. MT 35 inductance is up to 
200 mh; frequency, 200 kc max; 
and Q, over 60 at 100 kc. 
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PNP Transistor 
70 mc cut-off 

collect. tab 

A MPEREX ELECTRONIC CORP., 230 
Duffy Ave., Hicksville, L. I., N. Y. 
Type 00170 germanium transistor, 
with its high cut-off frequency of 
70 mc and .high gain ( average beta 
is 80), in designed for use in the 
vhf band as a mixer oscillator for 
mobile radio equipment, car radios 
and short wave receivers, and as an 

Test Transistor Beta 
in the 

Circuit! 

ELECTRONIC CORPORATION 
A Subsidiary of Philco Corporation 

5545A Bohannon Drive • DAvenport 6-2060 • Menlo Park, Calif., U.S.A. 

Sales representatives in all major cities 
Canada: Atlas Instrument Corporation. Ltd., Toronto, Montreal, Vancouver, Winnipeg 

Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles 

The new Sierra Model 219A Transistor Tester 

represents a genuine technical breakthrough—for 
the first time commercial equipment is available 
permitting in-circuit Beta testing of transistors. 
The instrument also readily measures Beta 

and collector current parameters with the transistor 
removed from its circuit. 

The new Sierra 219A can save hours of trouble-

shooting and service time since testing is done 
without energizing equipment under test. Thus 
there are no spurious signals to confuse results. 
Low impedance design in both input and output 
circuits nullifies the effects of external circuitry. 

Model 219A is compact, rugged, conservatively 
rated and built of high quality components 

throughout. Please request Bulletin from your 
Sierra representative or write direct. 
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r-f and i-f amplifier for f-m re-
ceivers. Units feature uniform 
characteristics and are priced at 
less than $2, They are manufac-
tured by the new alloy-diffusion 
process, a method said to combine 
the best features of the alloy and 
diffusion processes, without their 
drawbacks. 
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Phase Angle Meter 
highly accurate 

AD-YU ELECTRONICS LAB., INC., 249 
Terhune Ave., Passaic, N. J. Vec-
torlyzer can, be used to measure 
very small phase angles ( such as a 
fraction of 1 deg) with maximum 
error of 0.02 deg or 2 percent and 
a sensitivity of 1 deg full scale. 
Phase angle range is 0-1, 0-2, 0-4, 

JE R RO LB'S 
900A Sweep Generator 
Covers the Range of 

Three Regular Instruments! 

The industry's most versatile Sweep Generator! 

Covers al/ your needs from 1/2  MC to 1200 MCS for 

IF's, radar, video, telemetering, corn munications. 

Specifications: In two ranges - 0.5 MC to 400 MC 

and 275 MC to 1200 MC— with center at any 

frequency from 500 KC to 100 MC and with sweep 

widths as broad as 400 MC and as narrow as 100 

KC. The RF output is flat within -1- 0.5 db at full 

sweep width up to 800 MCS and -4-1.5 db from 

800 MCS to 1200 MCS. When using sweep widths 

as narrow as 20 MCS flatness is approximately 

+0.15 db. $ 1260.00 

Write today for on the spot demonstration 

of Jerrold 900A! 

JE111101,11 

±0.5 db 

• HIGH OUTPUT! 
.25 volt RMS on VHF—. 5 volt OMS on UHF 

• WIDE SWEEP WIDTHS! 
VHF- 100 KC to 400 MCS 
UHF- 100 KC to 40% or more of C.F. 

• FLAT OUTPUT! 
Flat to .5 dia on widest sweep width 

ELECTRONICS CORPORATION • Industrial Products Division 

Dept. TED 47, The Jerrold Building, Philadelphia 32, Pa. 

Jerrold Electronics (Canada) Limited 
Export Representative: Rocke International, New York 16, N.Y. 
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NEW MONITOR OSCILLOSCOPES 

View up to 
7 circuits 

simultaneously! 

New Sierra Model 218 Monitor Oscilloscopes 
provide, ih the smallest possible package, a 
convenient and practical means for viewing and 
evaluating complex voltages. Up to seven oscil-
loscopes can be mounted side by side in a 
standard relay rack—units measure only 101/2" 
high x 21/8" wide ( front panel) . Thus seven cir-
cuits can be monitored simultaneously. 

Designed primarily for tape recording and data 
handling systems, the Monitor Oscilloscopes 
are particularly suited for measuring and ana-
lyzing mechanical quantities through a trans-
ducer. Such quantities include stress, strain 

siera 
ut.)) 

rik r" 

tr. 
• - 

"V" 

,re (• 

.-.. to 

and vibration, pressure, displacement and ac-
celeration. 

The units are compact, rugged, and conserva-
tively engineered from high quality components. 
Please request Bulletin and demonstration from 
your Sierra representative, or write direct. 

SIERRA ELECTRONIC CORPORATION 
A Subsidiary of Philco Corporation 

5446A Bohannon Drive • DAvenport 6-2060 • Menlo Park. California, U.S.A. 

Sales representatives in all major cities 
Canada: Atlas Instrument Corporation, Ltd., Toronto, Montreal, Vancouver, Winnipeg 

Export: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles 4.6 
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Call these authorized 

CURTISS-WRIGHT 
CORPORATION 

Offers Opportunities for 

Electronics Engineers 
A continuing program of prod-
uct expansion by Curtiss-Wright 
Corporation is creating the need 
for engineers and scientists. 
There are various career posi-
tions open to men with the right 
training, experience and talents 
. . . challenging projects, re-
wards and recognition. 

ELECTRONICS DIVISION 
CARLSTADT, N. J. 

Electronics Division has four 
plants, with headquarters at 
Carlstadt, N. J. Other plants 
and activities at Caldwell and 
E. Rutherford, N. J., and at 
Albuquerque, New Mexico. 
This division is engaged in the 
design, development and pro-
duction of simulation systems 
for military aircraft, and for 
commercial jetliners. Addition-
al major projects include simu-
lated and operational radar 
equipment; anti-submarine so-
nar; photo reconnaisance train-
ers; electronic components; 
instruments; and real time digi-
tal computers. Current open-
ings exist for digital computer 
engineers, radar engineers, so-
nar engineers, servo engineers, 
and instrument engineers. 

RESEARCH DIVISION 
QUEHANNA, PA. 

The Curtiss-Wright Research 
Division (40 miles northwest of 
State College, Pa.) is a major 
engineering center. Its work is 
closely coordinated with and 
supplements the projects at all 
other divisions. Engineers are 
needed at all levels for sonics 
and ultrasonics, circuit design, 
solid state applications, instru-
mentation, servos and controls, 
and communications. 

Send resume, including salary 
requirements, to: 

Mr. T. W. Cozine, Mgr. 
Executive & Technical 

Placement 
Curtiss-Wright Corporation 

Dept. G-44, Wood-Ridge, N. J. 

All replies confidential 

CURT155-WRIGHTH 
CORPORATION • WOOD-RIDGE, N. J. 
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0-10, 0-20 and 0-180 deg full scale; 
frequency range, 20 cps to 150 kc 
with binding posts, 100 kc to 500 mc 
with probe; voltage range with 
binding post, 0.04, 0.1, 0.2, 0.4, 1, 
2, 4, 10, 20, 40 and 100 y rms full 
scale; with probe, 0.4, 2 and 4 y 
rms full scale. 
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Random Signal Meter 
high peak factor 
FLOW CORP., 85 Mystic St., Arling-

ton 74, Mass. Model TEM-2 is a 
true rms voltmeter designed spe-
cifically for high-accuracy random 
signal power measurement, either 
frequency-filtered or broadband. 
Features include: high peak factor 
of 10 or more, even for full scale 
readings; two selectable time con-
stants of 0.5 sec and 16 sec; wide 
frequency range between 1 cycle 
and 500 kc; 18 voltage ranges be-
tween 0.5 my and 250 v, extra am-
plifier and meter outputs, and built-
in line regulation. 
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Plug and Jack 
five shaft lengths 
CAMBRIDGE THERMIONIC CORP., 445 

Concord Ave., Cambridge 38, Mass. 
The 2650 combination plug and jack 
is specifically designed to permit 

DISTRIBUTORS 
for an immediate demonstration or 
delivery of Simpson Laboratory 
Test Equipment. 

CALIFORNIA 
R. V. WEATHERFORD COMPANY 
6921 San Fernando Road 
GLENDALE 1, Victoria 9-2471 

NEWARK ELECTRIC COMPANY 
4747 W. Century Blvd. 
INGLEWOOD, ORegon 8-0441 

ELECTRONIC SUPPLY CORPORATION 
2085 East Foothill Blvd. 
PASADENA, SYcamore 5-5901 

COLORADO 
WARD TERRY & COMPANY 
70 Rio Grande Blvd. 
DENVER, AMherst 6-3181 

GEORGIA 
ELECTRO TECH EQUIPMENT COMPANY 
690 Murphy Avenue S.W. 
ATLANTA 10, PLaza 3-4128 

ILLINOIS 
ALLIED RADIO CORPORATION 
100 N. Western Avenue 
CHICAGO 80, HAymarket 1-6800 

NEWARK ELECTRIC COMPANY 
223 W. Madison Street 
CHICAGO 6, STate 2-2944 

MICHIGAN 
RADIO SPECIALTIES COMPANY 
456 Charlotte Avenue 
DETROIT 1, TEmple 3-9800 

MINNESOTA 
NORTHWEST RADIO 
123 East First Street 
DULUTH 2, RAndolph 7-1565 
NORTHWEST RADIO & 
ELECTRONICS SUPPLY CO. 
52 South Twelfth Street 
MINNEAPOLIS 3, FEderal 9-6346 

GOPHER ELECTRONICS COMPANY 
370 Minnesota Street 
SAINT PAUL 1, CApitol 4-9666 

NEW YORK 
STACK INDUSTRIAL ELECTRONICS, INC. 
25 Susquehanna Street 
BINGHAMTON, Phone: 3-6326 
ELECTRONICS CENTER INCORPORATED 
211 West 19th Street 
NEW YORK 11, ALgonquin 5-4600 

HARRISON RADIO CORPORATION 
225 Greenwich Street 
NEW YORK 7, BArclay 7-7777 

NORTH CAROLINA 
SOUTHEASTERN RADIO SUPPLY CO., INC. 
414 Hillsboro Street 
RALEIGH, TEmple 3-1936 

DALTON-HEGE RADIO SUPPLY CO., INC,. 
912 West 4th Street (Rear) 
WINSTON SALEM, Phone: 5-8711 

OHIO 
PIONEER ELECTRONICS SUPPLY CO. 
2115 Prospect Avenue 
CLEVELAND 15, SUperior 1-9410 

PENNSYLVANIA 
CONSOLIDATED RADIO COMPANY 
612 Arch Street 
PHILADELPHIA 6, WAInut 5-7871 

SOUTH CAROLINA 
CAROLINA RADIO SUPPLY CO., INC. 
221 W. Washington Street 
GREENVILLE, CEdar 2-6740 

TEXAS 
ENGINEERING SUPPLY COMPANY 
6000 Denton Drive 
DALLAS 35, FLeetwood 7-6121 

MIDLAND SPECIALTY COMPANY 
500 W. Paisano Drive 
EL PASO, KEystone 3-9555 

BUSACKER ELECTRONIC EQUIP. CO., INC. 
1216 West Clay 
HOUSTON 19, JAckson 9-4626 

HARRISON EQUIPMENT COMPANY, INC. 
1422 San Jacinto Street 
HOUSTON 1, CApitol 4-9131 

MIDLAND SPECIALTY COMPANY 
2101 Andrews Highiway 
ODESSA, Phone: 7-7212 
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DON'T INVEST IN TEST EQUIPMENT 'TIL YOU COMPARE FEATURES WITH THE 

NEW Simperi, LABORATOR 

PULSE GENERATOR ... model 2620 

No Unit Offers Such Accuracy, Versatility, 

and Set-Up Speed Within This Price Range 

Twin meters read pulse repetition frequency and pulse 
duration simultaneously. Rise time is 0.02 microseconds; 
decay time, 0.03 microseconds. Pulse duration, contin-
uously variable from 0.1 to 1000 microseconds. Jitter, 
less than 0.005 microseconds. Pulse repetition rate, con-
tinuously variable from 10 to 100,000 pps in $625 
four ranges. Price   

WRITE FOR COMPLETE SPECIFICATIONS 

WIDE- BAND OSCILLOSCOPE... model 2610 

trgr the 1001 Jobs Where You Don't Need 
an Expensive Specialized Scope 

Here's a high-gain scope that makes your test equipment ap-
propriation go farther. Vertical sensitivity, 6 mv RMS. Verti-
cal calibration accuracy, ± 3%. Response (linear position): 
DC to 5.0 mc/sec, ±-. 0.5 db; DC to 8.0 mc/sec, ± 1.5 db. 
Response (transient position): DC to 3.5 mc/sec,-3 db, and 
—6 db at 5.0 mc/sec. Triggered and recurrent sweeps. Precal-
ibrated sweep positions of 5, 50, 500, 5000 microsee- $ 
onds. Price   

WRITE FOR COMPLETE SPECIFICATIONS 

LABORATORY STANDARD 

VOLT-OHM-MILLIAMMETER ... model 2600 

A Self-Powered Calibrator for Electrical Instrument 
Maintenance and High Accuracy Testing 

Two terminal connections cover all 49 ranges for 
unusually fast operation. DC accuracy is ± 0.5% 
F.S.; AC, ± 0.75% F.S. (at 77°F, 25°C). Separate 
meters (self shielded movements) for $ 
DC and AC readings. Price  1620 

WRITE FOR COMPLETE SPECIFICATIONS 

AVAILABLE FROM MANY INDUSTRIAL ELECTRONIC DISTRIBUTORS COAST-TO- COAST 

Write to Factory for Details 
-11 

MANUFACTURERS OF 

ELECTRONIC TEST 

EQUIPMENT FOR OVER 

50 YEARS 

O 

ELECTRIC COMPANY 

575 

ELECTRONICS • SEPTEMBER 25, 1959 

5203 West Kinzie St., Chicago 44, Illinois • Telephone: EStebrook 9-1 1 21 

In Canada: Bach-Simpson Ltd., London, Ontario 
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RONDOS "the pack with the 

Holds objects from 5/16" to 11/4 " in diameter. 

built-in shock absorber" 

This Unique System 

Holds Small Delicate Components 
by the spring-clip action of its 
fluted partitions and Offers: 

PROTECTION in 
Handling and Shipping 

FACILITY in 
Production, Storage, and 

Inventory 

CONVENIENCE at 
Receivers End 

ECONOMY in 
All Phases 

RONDO IS A PAPER PRODUCT 
SOLD AT PAPER PRICES! 

ANTI-TARNISH BOARD SUPPLIED 

Further information on request. 

Rondo Process and Designs Patented in All Major Countries 

JLt JeillileArAte e.01"191111 
RECOGNIZED ALL OVER THE WORLD 

RONDO of AMERICA, inc. too A SANFORD ST., HAMDEN 14. CONN 

Rep eeeeee olives: C. S. Shota•11, 527 S. Alexandria Ay..., Los Ang•lits 5, Cal., Phone, DUnkirk 8-8879 
Brown IS Scrotch, 664 N. Michigan Ay,. Chicago Phan., SUp•cior 74973 
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NOW POSSIBLE... 
instant construction of Shielded cables with 

FEATURES: 
• Pure metal foil now laminated to the inner surface of 
Zippertubing for immediate shielded cable. 
• Shielded cable at a fraction of the cost of the conven-

tional tin-copper shielding, plus outer jacket. 
• Permits emergency and maintenance repair modifications 

in the field. 
• Both high & low frequencies are shielded up to six 
gausses with attenuation result up to 1200t1 at 250MC. 

• Offered with overlap construction for 100% coverage 
protection. 

• May be stored in flat form with sizes from I/2" I.D. up. 

A strong, durable, yet flexible 
shielded cover can be applied in 
minutes. With Shielded Zipper-
tubing a manufacturer can create 
hie own shielded cable at a frac-
tion of the cost and approximately 
1/10 of the delivery time. The nor-
mal time and labor spent in en-
casing cables and wire harnesses 
can be reduced by as much as 90%. 
No special equipment necessary. 

Zippertubind MANUFACTURED BY 
THE ZIPPERTUBING CO. 

752 So San Pedro Street. Los Angeles 14, Calif . Michigan Cik331 

Three ranges of shielding 
available; light-aluminum, 
medium-lead, heavy duty-
magnetic foil. 

SPECIFICATIONS: 

Wall Thickness: 
.020, . 040, .060 AWG 

Material: 
Plastic saturated fiber 
glass backed material 
laminated to various 
metal foils. 

Put-Up: 
Available in 25 to 300 
foot rolls. Longer 
lengths available upon 
specification. 

Sizes: 
I.D. up, in 

increments of Ile, 

Colors: 
Gray. Other colors 
available on special 
order, 

piggy-backing of patch panels with 
additional plugs. It can be plugged 
into a Cambion 2378 jack on a 
board and another plug can be 
plugged into it. Equipped with a 
D slot or key and compression 
spring for permanent gripping 
power, the 2650 ensures solid elec-
trical connections at all times. It 
is available in five shank lengths 
(0.062, 0.093, 0.125, 0.156 and 
0.219 in.), has a 0.045 in. pin, and 
is processed from quality brass with 
a bright alloy plate. 
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çoxe‘ 
Pulse Transformers 
kit of ten 

CBC ELECTRONICS CO., INC., 2601 
N. Howard St., Philadelphia 33, 
Pa. KA-1 kit consisfs of ten MIL-
T-27 type transformers of the plug-
in blocking oscillator and imped. 
ance matching types. Hermetically 
sealed units operate up to 95 C. In-
eluded in the standard line are 
seven dirent types for various 
mechanical and electrical applica-
tions. 
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Encoder Assembly 
small, accurate 

DATEX CORP., 1307 So. Myrtle Ave., 
Monrovia, Calif. Resolving shaft 
positions to 1 part in 36,000 can 
be done with the CG-702 geared 
encoder assembly of minimum size 
and weight. Assembly uses two 
shaft position encoders and a gear 
box. Encoder on input shaft pro-
vides 1,000 positions of the least 
significant digit per 360 deg rota-
tion. Because disk of this encoder 
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Our most potent weapon in the battle of time: 

eta 

The tough jobs 
get off the ground 
in a hurry at... 

DID YOU KNOW THAT 

PRODUCTS ADVERTISED in 

electronics BUYERS' GUIDE 
are UP-DATED WEEKLY? 

Advertisers in the electronics BUYERS' 

GUIDE use the 52 regular issues of 

electronics magazine to promote new 

products and keep the industry informed 

about their latest technical developments. 

electronics advertisers are offered the op-

portunity to up-date their product adver-

tising by keying it to the catalog-type 

advertising in the BUYERS' GUIDE. 

electronics BUYERS' GUIDE 

and Reference Issue 

A McGraw-Hill Publication 
330 West 42nd Street 
New York 36, New York 

In advanced military electronics research, the ability to do 
the job isn't good enough. The job must be done reliably 
and on time. 

Hallicrafters' QRC program was originated to provide 
not only the finest of engineering facilities and people, but 
the flexibility required for immediate, crash effort on criti-
cal electronics problems. 

Hallicrafters has provided our military forces for the past 
six years with a Quick Reaction Capability that has played 
a major role in helping to win the battle against time. 

* Quick Reaction Capability: Re-
fer to Air Force Reg. No. 80-32 

llicrafters 
Chicago 24, III. 

Qualified Engineers: new contracts 

have created openings. Contact 

William F. Frankart, Director of 

Engineering. 
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IMO POLARIZED RELAYS 

COMPACT 

RUGGED 

HIGH SPEED 

LONG LIFE 

TESTED and 
PROVEN 

POLARITY 
CLOSES 6 TO 7 

—eV TO. VIEW 

we.e, 

High speed, sensitive Type 

300 Polarized Relays by 

MDI give long operating life— 

tested and proven by years 

Coll Resistance 
25 to 4,000 ohms 

ACTUAL 

SIZE 

of military use. 

Operating Current 
2 to 60 MA 

Overall Dimensions 
1-7/16" x 1.7 16"x 2-3/16" 

For full details, write, wire or phone today 

MAGNETIC DEVICES. 

Dept. E, 712 East Street • Frederick, Md. 

INC. 
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NEW 

MICROWAVE 

LIMITER 
protects receivers 
against overload 
and burnout 

Another unique "first" from Microwave Associates, 
Inc., is this family of all-new solid state devices, 
which require no external bias and are self-limiting 
devices. It is the simplest way yet to give radar and 
cammunication receivers needed protection. 

The specifications chart and performance curve 
below tell you all you need to know to evaluate its 
capabilities. The two models are typical of units 
which can be designed for your applications at other 
frequencies. The package has female Type N coaxial 
connectors, for input and output. 

Today for UHF . .. tomorrow for higher frequencies. 

SPECIFICATIONS 

MA- 3400 

Frequency (center) 425 = 5% 

Low Level Insertion Loss 0.3 db 

Peak Power 400 watts 

Duty Cycle .002 

High Level Insertion Loss 20 db 

- MICROWAVE ASSOCIATES LIMITER — MA-3400 
22 - 
20 - 
18 - 
16 - 
14 - 
12 - 
10 - 
8 - 
6 - 
4 - 
2 - 
o 

0 001 0.01 0.1 1 

MA- 3401 

600 5% 

0.5 db 

200 watts 

.002 

20 db 

FREQUENCY — 425 Mc 

PEAK INCIDENT POWER (WATTS) 

10 10.0 

MICROWAVE ASSOCIATES, INC. 
BURLINGTON, MASSACHUSETTS • Telephone: BRowning 2-3000 

is coupled directly to the input 
shaft, accuracy is that of the en-
coder used (±1 count). This input 
unit is then geared 36:1 to a 36-
position encoder. The low speed en-
coder utilizes double-brush, lead-
lag logic to eliminate ambiguities 
due to gear inaccuracy and back-
lash. 
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D-C Supplies 
regulated 
SORENSEN & Co., South Norwalk, 
Conn. QM series miniature, tran-
sistorized supplies operate from 
115 y a-c, 50-60 or 400 cps. For 
50-60 cps input, 36 models cover 9 
output voltages, from 3 to 36 y d-c 
in 14 percent increments, with out-
put power capacities of 2, 4, 8 and 
15 w; for 450 cps input, a like num-
ber of models is available. Voltage 
regulation is ±0.05 percent against 
line and load variations and ripple 
is less than 0.01 percent. 
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Germanium Diodes 
micromodule type 
GENERAL INSTRUMENT CORP., 65 

Gouverneur St., Newark, N. J. Con-
tained in ceramic wafer only 0.01 
in. sq and 0.016 in. thick, type F-1 

gold-bonded germanium diode con-
verts a-c to d-c, detects radio fre-
quencies and acts as a switching 
device in computer circuits. Piv is 
125; d-e output current, 75 ma; for-
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ward current, 100 ma at 1 y max.; 
max. reverse current at room tem-

perature, 10 µa at 10 y and 50 µa at 
50 ; at 75 C, 75 µa at 10 y and 250 
tta at 50 y. 
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Single-Turn Pot 
high accuracy 

GIANNINI CONTROLS CORP., 918 E. 
Green St., Pasadena 1, Calif. Model 
1750 single-turn precision pot is 11 
in. in diameter and is built to NAS-

710 standard, style RR-18. It is 
highly accurate with linearity to 
±0.1 percent, resolution of 0.030 
percent, and total resistances rang-
ing from 10 to 300,000 ohms. 
Mounting surface is anodized 
aluminum with cups and rear cover 
of shock and humidity resistant 
molded plastic. Unit features versa-
tility since it can be supplied 
singly, or in externally phaseable 
ganged units. 
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VHF Converter 
transistorized 

P. R. MALLORY & Co., INC., 3029 E. 
Washington St., Indianapolis 6, Ind. 
A new transistorized vhf converter 
provides continuous tuning from 
30-76 me in two bands ( 30-53, 53-
76) with 4.2 turns per band. Model 
HLH-103-1 utilizes printed cir-
cuitry for compactness and size re-
duction. The converter utilizes a 
new linearized Inductuner which 
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AUGUST 

When electronic timing signal equipment was needed for the opening shoot 

on the Pacific Missile Range, Electronic Engineering Company of California 

was asked to deliver the goods...and they did. Within 27 days of order 

EECo delivered three distribution amplifiers and thirty neon driver ampli-

fiers to Vandenberg Air Force Base. 
EECo was able to meet this crash schedule because of the know-how 

gained in over nine years of supplying timing instrumentation equipment 
used on most major missile test ranges in the United States. This expe-

rience enables EECo design and production engineers to employ R & D 

production techniques with maximum effectiveness. 
Typic3l. of the instrumentation timing signal hardware sold by EECo 

are the airborne time code generators, distribution amplifiers and time 

code generators described below. For full data on these units, request 

Data File 101. 

AIRBORNE TIME CODE GENERATOR provides a 
10-digit time code recycling every 900 sec-

onds. Output is pulse-width modulated for 

direct recording on oscillographs or as an 
AM carrier signal for rcording on magnetic 
tape; also produces signals for timing lamps 
in cameras. Accuracy is one part in 10s with 
a stability of one part in 1CP per day. Active 

elements are semi-conductors or magnetic 

cores. 

DISTRIBUTION AMPLIFIER ewith neon driver 
in photo). Transistorized time code amplifier 
for handling up to 12 driver amplifiers for 
energizing neon timing lamps in rnstrumenta-
lion cameras. Accepts two timing signal In-

puts either of which can be supplied to any 
of 12 output circuits each capable of produc-
inginput for driver. Driver connects directly 
into timing signal cable near camera. 

TIME CODE GENERATOR. Stable, crystal con-

trolled unit generates 24- hour time- of- day 
code in modified binary-coded-decimal form. 
Each second is identified with 20-bit code. 

Code continuously displayed on hours, min-
utes, seconds and may be pre-set to clock 
time. Code automatically recycles at end of 
24-hour interval. Drift is less than one second 

per week. 

Electronic Engineering Company of California 

1601 East Chestnut Avenue, Santa Ana, California 

Several important career uPportundies have just opened up in 
EECo's engineering department. For further information, call or 
write Merl Perkins. 
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603/607 
D/R OSCILLOGRAPHS 

UNEQUALLED PERFORMANCE! 

50 TRACES — 12" RECORD — 20 

RECORD SPEEDS (.071 TO 173 

UPS) — 6.000 CPS FLAT RE-

SPONSE — REVERSING RECORD. 

IF YOU NEED ... 
PRECISION ANALOG RECORDING 

SYSTEMS 

MAGNETIC TAPE RECORDERS 

COMPLETE FM GROUND STATION 

TELEMETERING SYSTEMS 

SERVOVALVES—TORQUE MOTORS 

CALL: RIVERSIDE 7-1331 

TWX: TU 849 

WIRE. FCB: FAX 

WRITE: P. 0. BOX 7186 

INSTRUMENTS 
41ST & SHLRIDAN RD./TULSA. OKLA. 

ALSO MANUFACTURERS OF Elognecord 

FINE TAPE RECORDING INSTRUMENTS 

provides essentially a straight line 
frequency - versus - rotation curve. 
Maximum deviation over the 30 to 

76 mc range is 150 Ice. Local oscil-
lator stability of ±-130 kc maximum 
over the temperature range of —40 
C to +85 C has been accomplished 
in the converter. 
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H-V Power Supply 
miniaturized 
FILM CAPACITORS, INC., 3400 Park 
Ave., New York, N. Y. Hermeti-
cally sealed and oil filled power sup-
ply, variable from 0 to 5 kv at 5 ma, 
is housed in a CP70 container 31 by 
31% by 5 in. Selenium rectifiers and 
safety rated capacitors ensure 
working dependability and long 
trouble-free life, at operating tem-
peratures up to 65 C. Ripple is 

held to 1 percent and maximum out-
put current is 7.5 ma. 

CIRCLE 218 ON READER SERVICE CARD 

Dual Blowers 
two new models 

MCLEAN ENGINEERING LABORATO-
RIES, P. 0. Box 228, Princeton, N. J. 
Dual blower units for electronic 
cooling: model 2NB300 will pro-
duce 160 cfm and model 2NB408 
will produce 320 cfm. Both are 
equipped with a long life, quiet, iso-
lated motor. Motors are shaded 
pole, semienclosed, fan cooled with 
Class A insulation ( 105C). Perma-
nently sealed ball bearings are lu-
bricated with a MIL-C-3278 lubri-

DO 
YOU 
KNOW? 

You Can Locate 
Nearest 
SALES OFFICES 
in this year's 
BUYERS' GUIDE 
A one-step method for 

locating the nearest 
sales office of every man-
ufacturer listed in the 
GUIDE. The nearest 
sales offices to you (with 
addresses and phone 
numbers) are listed di-
rectly after manufactur-
ers' names in the Manu-
facturers' Index. 

One more reason why 
advertisers and users of 
the BUYERS' GUIDE 
receive extra benefits 
available in no other 
place. 

electronics 
BUYERS' GUIDE 
and Reference Issue 
A McGraw-Hill Publication 

330 West 42nd St. 

N. Y. 36, N. Y. 

IBP 
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RAWSON 
ELECTROSTATIC 
VOLTMETERS 

Available ranges 100 volts to 
35,000 volts 

Measure true R.M.S. values on A C., ro wave-
form or frequency errors. 

NO POWER CONSUMPTION 
Leakage resistance greater than one million 
megohms. These meters may be used to 
measure STATIC ELECTRICITY! 
Ideal for measuring high voltage power sup-
plies with zero current drain. Rugged, well-
damped movement. All elements surrounded 
by metal shielding for accuracy and safety. 

Write for Bulletin 

Zaeldeuet 
ELECTRICAL INSTRUMENT CO. 
fine instruments since 1918 

Ill Potter Street • Cambridge, Mass. 
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cant having a temperature range 
of — 68 C to ± 93 C. Blowers have 
stainless steel shaft, are fungus 
protected, moisture and corrosion 
resistant. 
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Magnetic Circuit 
with Halltron 
01110 SEMICONDUCTORS, INC., 1035 
W. Third Ave., Columbus 8, Ohio. 
Model MC-1 combines Halltron de-
vice and magnetic circuit. Special 
magnetic materials and indium 
arsenide Halltron result in extreme 
linearity, low hysteresis and ac-
curacies of 0.1 percent. Circuit ap-
plications include choppers, analog 
multipliers, power meters, modula-
tion, phase detectors and many 
other electronic functions. 
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Electronic Counter 
uniform readout 
HEWLETT-PACKARD Co., 275 Page 
Mill Road, Palo AIto, Calif. Model 
524D, featuring a uniform 8-decade 
numerical readout, has a crystal os-
cillator stability of 3 parts in 10 
short-term: 5 parts in 10' per week. 
It provides for full frequency meas-
urements from 10 cps to 10 mc and 
period measurements from 0 cps to 
10 kc. These ranges may be ex-
tended by use of plug-in units. An-
other plug-in provides for time 
measurements from 1 µsec to 100 

IllallOR 
advancement 
in instrument 

design 

MM-1 MEDALIST* iiieter 

DIFUCT CUPP, NT 

Today's most readable, mode.éni minis> 
turc meter. Shieldeef -•-rr-esta--refior from 
magnetic panels. Rugged' Meritin•Coax ..... 
iol mechanism. Max. weight 1.6 oz. In 
all standard ranges, various colors. 
Single hole mounting. Data on request. 
Marion Instrument Division, Minne-

apolis-Honeywell Regulator Co., Mon. 
chester, New Hampshire, U.S.A. 
T.M. Reg. U.S. Pat. Off. U.S. dg FureIgn 

Patents 
C.,py.ight (D 1959, Marion 

• 

marion 
t•WrifRE ELECTRONICS MEETS THE (YE" 

meters 
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POWER & BIAS 
SUPPLY FOR TRANSISTORIZED 
EQUIPMENT # 1020 
• Includes power transformer, full-wave silicon 
diode rectifier circuit, electrolytic capacitor 
input filter followed by a two-power transistor 
(2-2N256) cascaded filter circuit providing ex-
traordinary ripple rejection • output voltage: 0-30 
VDC continuously variable, monitored by dual-
range voltmeter (0-6, 0-30 VDC) • continuous 
output current capacity: 150 ma @ 0-12V; 200 
ma @ 12-24 V; 300 ma @ 24-30V • 0.5A fuse 
protects against short circuit • comparable in 
purity of output and in voltage and current 
capacity to transistorized supplies selling for 
several hundred dollars • ideal for laboratory, 
development and service work on transistors and 
transistorized equipment 
• rugged grey wrinkle 
steel case (5" h, 
4" w, 51/2" d) 

KIT $ 19.95 
WIRED $27.95 
Add 5% In west. 

Compare this 
versatile. depend-
able Model 1020 at 
your neighborhood 
EICO distributor. 
for free catalog on 65 
models of EICO test 
mstruments, hi-fi and amateur gear, wale to Dept 

ELECTRONIC INSTRUMENT CO., INC. 
33-00 Northern Blvd, Long Island City 1, N.Y. 
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A I R., PA 

MAGMETER 
Frequency Detector 

The AIRPAX MAGMETER is a frequency detector 

which produces DC output pulses of constant volt-second 

area, the average value of the pulses being propor-

tional to the input signal frequency. 

MAGMETER output (0-1 ma DC) can be indicated 

on any readout device capable of responding to aver-

age values. 

Linearity of better than 0.25% makes its use ideal 

for powerline frequency measurement, doppler radar 

and telemetry systems. 

Hermetically sealed to operate under severe environ-

mental conditions, MAGMETERS are available with octal-

pin bases ( illustrated) or rectangular bolt down cases. 

Write for bulletin F-25 describing wide range and 

expanded scale types in the sub-sonic, audio and ultra-

sonic ranges. 

AIRPAX 
ELECTRONICS o 

5M32 

R p 

SEMINOLE DIVISION • FORT LAUDERDALE, FLORID 

days. Counter is priced at $2,150 
(cabinet) and $2,125 (rack mount) . 
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Tone Modulator 
for grid dip meters 

JAMES MILLEN MFG. CO., INC., 150 
Exchange St., Malden, Mass. Model 
90751 transistor tone modulator is 
designed to modulate grid dip 
meters. A small package containing 
a transistor oscillator and its mer-
cury battery plugs into the phone 
jack of a grid dip meter to modulate 
the signal at approximately 800 
cycles. Modulator turns on when 
plugged into the meter. 
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Magnetic Amplifiers 
molded type 

AIRPAX ELECTRONICS INC., Sem-
inole Division, Ft. Lauderdale, Fla. 
A new line of 400-cps molded mag-
netic amplifiers feature: life at 
least 10 years, near indestruct-
ibility in shock and vibration, 
ability to operate efficiently with 

overloads of 1,000 percent and into 
dead shorts. The M-5501 is a gen-
eral purpose unit with a wide 
variety of circuit applications. The 
M-5502 has one very sensitive 100 
kilohm winding and a 5 kilohm 
feedback winding. The M-5503 is 
especially designed for use as a 
thermocouple amplifier. Type 
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, 
M-5504 is a general purpose unit 
with smaller bandwidth and higher 
gain. 
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Inertia Switch 
for airborne use 

INERTIA SWITCH, INC., 311 W. 43rd 
St., New York 36, N. Y. Model 60U-
01 switch is sensitive to accelera-
tions of 0.05 g to 1.0 g, for missile 
and airborne unidirectional control 
applications, Response time is less 
than 35 rnillisec; accuracy, within 
10 percent; service life, over 100,-
000 cycles; meets MIL-E-5272A or 
better. Unit is factory preset as 
specified by the user. 
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Coil Winder 
and comparator 

UNIVERSAL MFG. CO., INC., 1168 
Grove St., Irvington, N. J. S-series 
coil winding machines feature: 
shuttle speed of 1,200 rpm, mini-
mum shuttle cross-section for 
winding coils with small inside di-
ameters, and fast set-up. Induc-
tance comparator for powdered 
molybdenum permalloy and ferrite 
cores is also available. Preset value 
of inductance shows operator when 
coil has reached required induc-
tance, making core grading un-
necessary. 
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0 

0 

MARCONI FOR FM 
TEST GEAR 

For years Marconi's have been specialists in pre-
cision instrumentation for FM systems. Here are 
two models from our extensive range, designed 
to answer your FM measuring problems. Ask for 

leaflets B 149 for complete details. 

CARRIER DEVIATION 
METER Model 791 D 

Crystal locking facilities in this new 
deviation meter insure freedom from 
microphony, and allow measurement 
of FM hum and noise in VHF and 
UHF communication and broadcast 
transmitters. 

MEASURES DEVIATION: 200 cps to 125 
kc in four ranges; extended down to 10 cps 
using external readout. Indicates positive or 
negative deviation at the turn of a switch. 

IN-BUILT DEVIATION STANDARD, 
crystal controlled, for sustained accuracy. 

CARRIER FREQUENCY RANGE: 4 to 
1,024 mc, directly calibrated. 

MODULATION FREQUENCY RANGE: 
50 cps to 35 kc. 

/    

MARCONI 
INSTRUMENTS 

FM AM SIGNAL 
GENERATOR Model 99510 

Narrow-deviation FM, stepped and 
extra-fine incremental tuning, and a 
high-stability low-noise output make 
this versatile VHF generator particu-
larly suitable for mobile radio testing. 
FREQUENCY RANGE: IS to 220 mc 
with crystal check points above 115 mc. 
Less than 0•002% short-term drift. 
DIRECT - READING INCREMENTAL 
TUNING: Stepped control up to 40 kc, 
extra-fine continuous control up to -1- 15 kc. 
OUTPUT RANGE: O• I ¡iv to 100 mv at 52 
and 75 ohms. 
MODULATION: FM : deviation monitored 
and variable from 0 to 5 and Oto 15 kc. AM: 
monitored and variable up to 50",,. Mod-
ulation frequencies, 400 cps, I and I • 5 kc. 
SPURIOUS FM ON CW: Less than 25 cps 
deviation. 

AM & FM SIGNAL GENERATORS 
AUDIO & VIDEO OSCILLATORS 
FREQUENCY METERS 
VOLTMETERS • POWER METERS 
DISTORTION METERS 
FIELD STRENGTH METERS 
TRANSMISSION MONITORS 
DEVIATION METERS 
OSCILLOSCOPES, SPECTRUM & 
RESPONSE ANALYZERS 
O METERS & BRIDGES 

0 III CEDAR LANE • ENGLEWOOD • NEW JERSEY 
Tel : LOwell 7-0607 

CANADA CANADIAN MARCONI CO • MARCONI BUILDING • 2442 TRENTON AVE MONTREAL 16 

LMARCONI INSTRUMENTS LTD • ST. ALBANS • HERTS ENGLAND 

0 
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ANOTHER 

BASIC 
MOTOR 

FIRST... 

IN Y Beeeele 
A.C. TIMING MOTOR 
Thinner .... Quieter ... 
More Reliable. .. More Versatile 

FINGER-THIN . . . 
Only 9/16 Inches Short ... Only 13/4  Inches 
in Diameter . . . very compact . . . reduces 
the size of your equipment. 

WHISPER-QUIET... 
Strictly an electrical motor . . practically 
noiseless . . . no rattling of gears or ratchets. 

HIGH TORQUE. 
IA oz. inch at the rotor with an instantaneous 
start and stop ... requires only 21/2  watts ... 
can replace larger motors in recorders, con-
trols and telemetering equipment. 

HIGHEST RELIABILITY... 
Longer life ... no one-way gears or ratchets 
to fail s . provides millions of operations 
without any trouble. 

0 1959 Send for Special Illustrated 
Bulletin AWII MO-806 

Â.Vi,11--1.11AYDON ettsefreut* 
2 3 5 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 

Custom Design & Manufacture Of Electronic 
And Electro-Mechanical Timing Dunes 

CIRCLE 146 

SPECIFICATIONS 
Standard Voltage Ratings: 
6, 12, 24, 115, 230 Volts 

Frequency: 
60 CPS Standard 
25, 50 CPS Available 

Power Input: 2.5 watts 
Maximum ( 60 CPS) 

BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 
Torque: V4 oz-in. 
Length: 9/16 inch 

WITH INTEGRAL GEAR TRAIN 
Weight: 5 ounces 
Speed: 300 RPM to 1/6 RPH 
Torque: 30 oz.-in. @ 1 RPM 
Length: 7/a inch 

WITH 
INTEGRAL 
GEAR TRAIN 

ON READER SERVICE CARD 

A Pneumatic Attachment 

on The Green Model D2 

Pantograph Engraver 

rapidly drills 

holes in printed 

circuits by tracing 

templates. 

• Drill as many as 100 holes per minute, Foot switch 
actuates air powered operation. 

▪ Drill speeds and feeds have independent adjustments. 
Feed regulated by air pressure. 

• Spindle speeds up to 26,000 rpm. Permits use of carbide 
drills when required. 

• D2-201 air attachment includes spindle air cylinder, 
regulating valve and pressure gauge, foot switch, 
filter and oiler, ready to operate when connected 
to compressor. 

The Model D2 Heavy Duty Pantograph Engraver features ratios of 2 to 1 

to infinity. Unobstructed on three sides to handle large work. Micrometer 
adjustment for depth of cut. Vertical range 10" adjusting copy 
table automatically with pantograph. 

GREEN INSTRUMENT COMPANY, INC. 
363 Putnam Ave. • Cambridge 39, Mass. 

FOR 
FULL 

DETAILS, 
WRITE, WIRE 

OR CALL 

Literature of 

the Week 

MATERIALS 

Copper-Cored Wire. Metals & 

Controls Division of Texas Instru-
ments Inc., 34 Forest St., Attle-
boro, Mass. Copper-cored No. 446 
alloy glass sealing wires are de-
scribed in the second and third of 
a series of bulletins on cored and 

clad wires. 
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COMPONENTS 

Delay Line Data. Deltime, Inc., 
608 Fayette Ave., Mamaroneck, 
N. Y. Latest advances and refine-
ments in delay-line techniques are 
dealt with in bulletins 201, 202 
and 203. 
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Fixed Coaxial Attenuators. 

Weinschel Engineering, 10503 Met-
ropolitan Ave., Kensington, Md., 
has released a 4-page, 2-color 
brochure containing detailed spec-
ifications on 1 to 12.4 kmc fixed 
coaxial attenuators. 
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Selenium Rectifier Selection. 
General Electric Co., Syracuse, 

N. Y. A 24-page brochure gives a 
step-by-step method for selecting 
specific selenium rectifiers for cir-
cuit applications. 
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EQUIPMENT 

Shaft Position Encoders. Datex 
Corp., 1307 S. Myrtle Ave., Mon-
rovia, Calif. Description, chief 
features and specifications on the 
C-100 and C-200 series shaft posi-
tion encoders are contained in bul-

letin 319. 
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Computer. gbex Sales Inc., 
Orem, Utah. A catalog lists the 
four models of the Microlog series 
2 computer which is expressly de-

signed to meet the requirements 
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Get out your pencil and help yourself to 

electronics READER SERVICE 

it's free— it's easy— 
it's for your convenience 

Use these handy READER SERVICE CARDS for more 
information on: 

ADVERTISEMENTS—NEW PRODUCTS— 

LITERATURE OF THE WEEK 

1—Circle the number on the postpaid card below that 
corresponds to the number at the bottom of Adver-
tisement, New Product item, or Literature of the 
Week selection. 

2—Please print carefully, as it is impossible to process 
cards that are not readable. 

FOR SPECIFIC ITEMS IN 
MULTI- PRODUCT ADVERTISEMENTS 
For more information on specific items 

in multi•product advertisements, print care-
fully on the Reader Service Card below in 
Box "A" the circle number of the adver-
tisement and the specific product(s) on 
which you desire more information. 

HOW TO SUBSCRIBE— 

HOW TO RENEW YOUR SUBSCRIPTION 

 TO electronics 
If you are not a subscriber, or if 
your subscription is about to ex-
pire, to receive electronics regu-
larly, fll in the section "FOR 
SUBSCRIPTIONS" on a card below. 
Send no money, electronics will 
bill you at the address indicated 
on the Reader Service Card. 

Correct amount of POSTAGE must be affixed for all FOREIGN MAILINGS 

SEPT 25. 59 
t..AAD RAPIÑES 

NOV 25'59 

Corred amount of POSTAGE must be affixed for all FOREIGN MAILINGS 
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ONE! 
In every industry there's always 

ONE accepted Product and 

Data Buying Book... in elec-

tronics it's the BUYERS' 

GUIDE — fundamental in any 

sales program aimed at the 

electronics and allied indus-

tries. Its 52,000 paid subscrib-

ers are important Design-

Research/Production/ 

Management Engineers, who, 

individually, or working in com-

bination with one another, 

influence the purchase of prod-

ucts, materials and services... 

whatever is bought by the 

entire industry. 
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A McGRAW-HILL PUBLICATION 

330 West 42nd Street • New York 36. N.Y. 
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of a successful training instru-
ment for students of analog com-
puter applications and techniques. 

CIRCLE 255 ON READER SERVICE CARD 

Microwave Meters and Filters. 
Frequency Standards, P. 0. Box 
504, Asbury Park, N. J., has avail-
able a 12-page catalog containing 
complete technical data on a line 
of microwave meters and filters. 

CIRCLE 256 ON READER SERVICE CARD 

Brazing Machines. Eisler Engi-
neering Co., Inc., 750 So. 13th St., 
Newark 3, N. J., has released cata-
log No. 100-59 on automatic braz-
ing and soldering machines. 

CIRCLE 257 ON READER SERVICE CARD 

D-C to A-C Inverters. Sorensen 
& Co. Inc., Richards Ave., South 
Norwalk, Conn., has available a 
bulletin containing a description, 
general information, specifications 
and prices for model QI series 
miniature transistorized inverters. 

CIRCLE 258 ON READER SERVICE CARD 

Plating Rectifiers. Djeco Divi-
sion of Djordjevic Engineering 
Co., 1933 N. Damen, Chicago 47, 
Ill. Bulletin 100 is a 16-page de-
scription of rectifiers for electro-
plating and anodizing. 

CIRCLE 259 ON READER SERVICE CARD 

Recorder - Reproducer. The 
SoundScriber Corp., 6 Middletown 
Ave., North Haven, Conn., has 
available a brochure describing 
its 24-hr continuous tape re-
corder-reproducer. 

CIRCLE 260 ON READER SERVICE CARD 

Differential Amplifier. Epsco, 
Inc., 275 Massachusetts Ave., 
Cambridge, Mass. A recent folder 
illustrates and describes the DA-
102 wide-band, low-level, differ-
ential d-e amplifier. 

CIRCLE 261 ON READER SERVICE CARD 

FACILITIES 

Precision Metal Fabrication. 
Donnelly Mfg. Co., 580 Winter St., 
Waltham 54, Mass. A recent book-
let illustrates samples and dis-
cusses the company's facilities for 
close-tolerance metal fabrication. 

CIRCLE 262 ON READER SERVICE CARD 
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JUST THE 

PLIER FOR 

ELECTRONIC 

USE 

No. 208-6PC Long Nose 

Shear Cutting Plier 

Patent No. 2,848,724 

Here is a recently developed 
plier specially designed for 
electronic use. It will fit into 
confined space and the steel 
jaws hold clipped end of 
sheared wire firmly .. . noth-
ing to wear out. 
The shear blade is at an 

angle of 15 degrees (the 
standard angle of regular di-
agonal pliers). Shear principle 
assures smooth, continuous 
action without snap, prevent-
ing shock which might dam-
age transistors and other deli-
cate components. For use with 
bare wire up to 18 gauge. 
See your electronic supply 

house or write for catalog. 

I/ 
o 

Shear principle 

requires less 

pressure. 

/ 

Pin keeps jaws 
aligned. 

Pointed nose 

reaches confined 

space. 

..../ 

...., 7 

Steel jaws hold 

clipped end tight. 

(JP 

Designed to form 

loop at wire end, 

,,,LE/4, 

96çê é ° 
O ---.-0 uses. 

Coil spring keeps 

jaws open. 

i 

WRITE FOR CATALOG 101-A 
Klein Catalog 101-A, describing the 
208-6PC and many other Klein Pliers, 
will be sent on request. Write for a copy. 

lekhr tools 

1=9 

Foreign Distributor: International Standard Electric Corp., New York 

Mathias KLEIN & Sons 
Cstablishtd 1857 Chicago, 111.,U S A. 

7200 McCORMICK ROAD • CHICAGO 45, ILLINOIS 
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PLANTS AND PEOPLE 

BDSA Honors Spriggs 
THE Business and Defense Services Administration of the U. S. Depart-
ment of Commerce recently honored Commodore A. J. Spriggs (USN Ret.) 
with flag presentation ceremonies. The flag, which had flown over the 
Capitol, was presented to Spriggs, vice president of Packard-Bell Elec-
tronics Corp., on completion of his 10-month tour of duty as advisor to 
the director of the Electronics Division, BDSA. During this period he 
served the government without compensation, on loan from his company. 
He also received a Certificate of Service and a personal letter of 

appreciation from the Secretary of Commerce. 
Pictured in the foreground (1 to r) are: Commodore Spriggs; H. Hubert 

Hughes, acting administrator, BDSA; Mrs. Spriggs; Capt. D. R. Hull 
(USN Ret.), president, Electronic Industries Association; and Donald 
S. Parris, director, Electronics Division, BDSA. In the background are 
other members of the Electronics Division. 

Orbom Heads 
Epsco Division 
ORVILLE E. ORBOM has been ap-
pointed to head Epsco-Worcester, 
new division of Epsco, Inc., of Cam-

bridge, Mass. Prior to joining 
Epsco in 1958, he was a research en-
gineer with the Aluminum Co. of 
America and engineer in charge of 
automation at Allegheny Ludlum 
Steel Corp. 
The Worcester division manufac-

tures equipment for medical elec-
tronics and industrial instrumenta-
tion. 

Daystrom Fills 

Four Positions 
FOUR appointments were recently 

Systems, 
of Day-

announced by Daystrom 
the San Diego division 
strom, Inc. 
They are David Driscoll, former 

manufacturing division controller 
at Collins Radio, as controller; H. 
Lee Denning, former Marquardt 

Aircraft controller, as contracts ad-
ministrator; Cheng Ling, formerly 
with North American Aviation's 
Autonetics Division, as a systems 
analyst and project leader; and 
Gerald D. Hevron, formerly 
with Stromberg-Carlson, Rochester, 
N. Y., as production manager. 

GE Establishes 
New Operation 
MISSILES, Arming and Fuzing Pro-
gram office, a new operation, has 
been established in General Elec-
tric's Missile and Space Vehicle 
Department, Philadelphia, Pa. 
Named as manager of the new 

operation is Charles C. Botkin, 
formerly manager of the GE de-
partment's nuclear ordnance proj-
ects operation. He has been asso-
ciated with GE's missile activities 
since 1947. 

In his new position, Botkin will 
be responsible for the integration 
of the department's missile and 
arming and fuzing activities. 

Elect Ginzton 
Board Chairman 
EDWARD L. GINZTON is the newly 
elected chairman of the board of 
Varian Associates, Palo Alto, Calif., 

filling the vacancy left by the death 
of Russell H. Varian. 

Like his predecessor, Ginzton was 
one of the original founders of 
Varian Associates and has served 
as a member of the board of direc-
tors and of key committees since 
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NOW. FROM FAIRCHILD PNP 
SILICON 
MESA 
TRANSISTORS 

A " MIRROR IMAGE" OF AVAILABLE NPN CHARACTERISTICS 

Same high-speed switching capabilities with which Fair-
child startled the industry are now available in PNP— 80 
milli-micro-second rise time, 2 watts dissipation, 300° C. 

survival. Fairchild Silicon Transistors are multiple solid-
state diffused. Their mesa construction affords excellent 
heat dissipation and extraordinary ruggedness. 

Complementary symmetry within computer circuit designs 
now affords another technique for reducing number of 
components and increasing reliability. The àdvantages of 
complementary symmetry have been well known, but the 
high performance silicon transistors that could take ad-
vantage of the technique have not been available. 

PNP — 2N1131, 2N1132 
Symbol Specification Rating Characteristics Test Conditions 

VCE 

Pc 

h FE 

R C S 

h fe 

Colle.tce to í tt, ' t,r 
,25 C.. 

Total dissipation at 
25 C. Case ternit 

D.C. current gain 

Collector saturation 

resistance 
Small signal current 

gain at f 201VIc 

.sruv 

2 watts 

2N1131-15 to 45 
2N1132 - 30 to 90 
6n. typical 
10 n max. 

2.5 typical 

l 
C 
Vc 
l 
C 
I B 

IC 
V C 

150ma 
10v 

150ma 

15ma 
50ma 
10v 

545 WHISMAN ROAD • MOUNTAIN VIEW, CALIFORNIA 

YORKSHIRE 8-8161 

Direct replacement of germanium by silicon is feasible 
now that high performance silicon PNP mesa transistors 
are readily available. In silicon transistor circuits, you 
need no longer hesitate to make use of the particular ad-
vantages of PNP polarity. Availability is firmly assured. 

COMPETITIVE ADVANTAGES FOR YOUR DESIGNS either 
in terms of price or functional efficiency are a likelihood 
that you should investigate. PNP silicon transistors with 
these speed-power characteristics have not been generally 
available, hence until now it has not been possible to de-
sign circuits using the complementary symmetry concept. 
Special attention will be given to inquiries received on company letterhead. 

NPN — 2N696, 2N697 

Symbol Specification Rating Characteristics Test Conditions 

V CE 

Pc 

h FE 

R CS 

h fe 

rolle,tot to int,ttet -' voltage s.25 C.. 
Total dissipation at 

25' C. Case temp. 
D.C. current gain 

Collector saturation 
resistance 

Small signal current 

gain at I 20Mc 

.ttv 

2 watts 

2N696- 20 to 60 

2N697 - 40 to 120 
3.5 ri typical 

16n max. 
5 typical 

I - 150ma 
C 
V 10v 
C 

I -- 150ma 
C 
I B- 15ma 
I c-- Soma 

VC ---- 10v 

SEMICONDUCTOR CORPORRTION 
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SEND YOU 

PRINTS FO 

QUOTATIO 

SPURS • HELICALS • WORM AND WORM GEARS • STRAIGHT BEVELS 

LEAD SCREWS • RATCHETS • CLUSTER GEARS • RACKS • INTERNALS • ODD SHAPES 

1021 PARMELE STREET , ROCKFORD , ILLINOIS 

CIRCLE 147 ON READER SERVICE CARD 

• • . Electrical Coil Windings 
For 40 years . . . specializing in all types of coils to 

customers' specifications. Design or engineering assist-

ance available on request. 

COTO-COIL CO., INC. 
SINCE 1917 

65 Pavilion Avenue Providence 5, Rhode Island 

MEET ED DeJONGH 
Associate Editor, electronics 

MARKET RESEARCH EXPERT 

CIRCLE 148 ON READER SERVICE CARD 

A graduate of Oberlin, BA, and Harvard 
Business School, MBA, Ed DeJongh is the 
researcher and analyst who is responsible 
for " Market Research", " Figures of the 
Week", sales estimates, sales forecasts, 
marketing, news, and developments in mar-
keting. Ed is constantly preparing for a 
year-end statistical issue and forecast for 
the following year. If you're not a sub-
scriber, if your subscription is expiring, if 
you need market data in your work, fill in 
box on Reader Service Card. Easy to use. 
Postage fie'. 
---
ABC electronics (10› 

A McGraw-Hill Publication 
330 West 42nd Street, New York 36, N. Y. 

the company's inception in 1948. 
For the past several years he also 
was assistant to the late chairman 

of the board. 
Ginzton is director of the micro-

wave laboratory at Stanford Uni-
versity as well as professor of 
applied physics and electrical 
engineering. 

LEL Appoints 
Walter Hollis 
AS PART of a planned program of 
expansion, LEL, Inc.. Copiague, 
L. I., N. Y., has hired Walter Hollis, 
formerly director of engineering of 
Resdel Engineering Corp., Pasa-

dena, Calif. 
As engineering assistant to 

Charles Neubling, general manager, 
Hollis brings to LEL eighteen years 

of experience in the electronic field 
in radar, countermeasures, and 
communications equipment. For-
merly he was associated with the 
Sperry-Rand Corp. and the W. L. 
Maxson Corp. 

Krafve Moves Up 
In Raytheon Shift 
Six months after leaving Ford 
Motor Co. to join Raytheon, Rich-
ard E. Krafve takes over as execu-
tive vice president, a post vacated 
by Harold Geneen in June, when he 
became ITT president. 

Krafve joins president Charles F. 
Adams and senior vice president 
Percy L. Spencer to make up the 

three-man Office of the President. 
Homer R. Oldfield, vice president 

and manager of Raytheon's Govern-
ment Equipment Division, takes 
over Oct. 1 the newly created post 
of group vice president—electronic 
components and devices. David D. 
Coffin is group vice president—gov-
ernment equipment and systems. 

Reporting directly to the Office 
of the President will be the Equip-
ment and Systems, Distributor 
Products, Industrial Apparatus, Re-
search, and International divisions. 

Underscoring the latest Raytheon 
organization chart are the firm's 
efforts to broaden its commercial 
base—now 15 percent of volume— 
and to decentralize operations, giv-
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DO 
You 
KNOW? 

You Can Locate 
Nearest 
SALES OFFICES 

in this year's 
BUYERS' GUIDE 
A one-step method for 

locating the nearest 
sales office of every man-
ufacturer listed in the 
GUIDE. The nearest 
sales offices to you (with 
addresses and phone 
numbers) are listed di-
rectly after manufactur-
ers' names in the Manu-
facturers' Index. 

One more reason why 
advertisers and users of 
the BUYERS' GUIDE 
receive extra benefits 
available in no other 
place. 

electronics 
BUYERS' GUIDE 
and Reference Issue 
A McGraw-Hill Publication 

330 West 42nd St. 

N. Y. 36, N. Y. 

ing more authority to division man-
agers. 
While with Ford, Krafve helped 

decentralize manufacturing opera-
tions. He had been associated with 
the management consulting firm, of 
Cresap, McCormick and Paget be-
fore joining Ford in 1947. 

Oldfield resigned as general man-
ager of GE's computer department, 
Phoenix, in December '58 to join 
Raytheon. He was elected a vice 
president in July '59. 

News of Reps 
Associated Industries, Seattle, 
Wash., has been appointed to rep-
resent Rogers Corp., Rogers, Conn, 
in the states of Oregon and Wash-
ington and at the Boeing Co., 
Wichita, Kan. Rep firm will han-
dle the Rogers line of electronic 
insulation, sealing and high tem-
perature materials. 

Manufacturer's reps for RCA mo-
bile communications equipment 
have been named in five areas. 
They are: J. F. Ottmar Co. of Spo-
kane, Wash., operating in north-
east Oregon, northern Idaho and 
western Washington; Mobile Ra-
dio Service & Communications 
Corp. of Shreveport, La. (north-
west Louisiana); Miami Mobile, 
Inc. of Miami, Fla. (southern 
Florida); Rocky Mountain Com-
munication Co., Inc., Denver (Colo-
rado, Utah, Wyoming, western 
Kansas and western Nebraska); 
and Modern Electronics Labora-
tory Corp., Syracuse, N. Y. (cen-
tral New York State). 

Chicago Telephone Supply Corp., 
Elkhart, Ind., appoints Koehler-
Pasmore Co. of Detroit, Mich., and 
Hollingsworth & Still of Atlanta, 
Ga., to handle CTS variable re-
sistors, switches, bobbinless pre-
cision fixed resistors and other 
products in those areas. This 
brings to 25 the firm's total num-
ber of U. S. sales offices and reps. 

Freed Transformer Co., Inc., 
Brooklyn, N. Y., has appointed 
Nelson Co. of Denver, Col., as its 
rep covering eastern Montana, 
Wyoming, Utah, South Dakota and 
Colorado. 

Expanding the Frontiers 
of Space Technology in 

RECONNAISSANCE 

III Lockheed Missiles and Space 
Division activities in reconnais-
sance are among the most ad-
vanced in industry. They include 
such' areas as radar, optics, infra-
red and television. Work in the 
fields of radar and data link is 
concerned with research, design 
and development of systems and 
equipment for missile tracking. 
command guidance, detection 
and relay of information. Noise 
modulation techniques are under 
study as part of statistical com-
munication theory and imple-
mentation of automatic space 
communication systems. Of 
special significance is the de-
velopment of a radar firing error 
indicator that measures the inter-
cept trajectory between target 
and attacking missile. 

Solid state work in infrared 
embraces the development of 
new systems and subsystems for 
long range infrared communica-
tions, surveillance, range findings 
and target tracking. Considerable 
work is being conducted in 
optical devices and systems em-
ploying optics. Capability in this 
area also extends to scanners. 
encoders, detectors, read-out 
devices, and analytics of infor-
mation processing. 

ENGINEERS AND 

SCIENTISTS 

Lockheed's programs reach far 
into the future and deal with 
unknown and stimulating envi-
ronments. If you are experienced 
in work related to the above 
areas, you are invited to share 
in the future of a company that 
has an outstanding record of 
achievement and make an im-
portant individual contribution 
to your country's progress in the 
race for space. Write: Research 
and Development Staff, Dept. 
I-4-22, 962 W. El Camino Real, 
Sunnyvale, California. U.S. 
citizenship required. 

Lockheed 
MISSILES AND SPACE 

DIVISION 

Systems Manager for the 
Navy POLARIS FBM; 

DISCOVERER, SENTRY 
and MIDAS; Army KINGFISHER; 

Air Force Q-5 and X-7 

SUNNYVALE. PALO ALTO. VAN NUYS. 

SANTA CRUZ. SANTA MAR/A. CALIFORNIA 

CAPE CANAVERAL. FLORIDA 

ALAMOGORDO. NEW MEXICO • HAWAII 
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Recorded Events, 
only when referred to 

Time... 
have significance! 

... and with today's accelerating 
technology, the need for the most 
accurate time reference available 
becomes more acute. It is available 
... and free; the standard time and 
frequency transmissions of the 
National Bureau of Standards radio 
stations WWV and WWVH are 
accurate to better than 1 part in 50 
million and are placed at the dis-
posal of anyone having a receiver 
capable of tuning to one or more of 
the transmitting frequencies. 

The new Model WWVT receiver, 
designed especially for remote oper-
ations under extreme environmental 
conditions, is a highly-sensitive 
crystal-controlled instrument capa-
ble of utilizing WWV and WWVH 
transmission. 

Model 
WWVT 

A 6-position dial switches instantly to any 
Standard Frequency — 2.5, 5, 10, 15, 20 or 
25 mc. It is small, light-weight and rugged 
— sealed metal case and potted components, 
all transistorized and battery operated, and 
has better than 2 mv sensitivity. Priced at 
6545.00 

Send for bulletin # 159A which details many 
free services available from WWV & WWVH. 

V 

SPECIFIC PRODUCTS 
Box 425, 21051 Costanso, Woodland Hills, Calif. 

COMMENT 

A Difference of Circuits 

Re D. E. Thomas and J. M. Klein, 
"How to Construct a Miniature 
F-M Transmitter," p 80, July 31 . . . 
The article by Louis E. Garner, 

Jr., "Transistorized FM Wireless 
Microphone", in Radio & TV News 
for July, 1957, gives complete con-
struction details and specifies stand-
ard components. While an experi-
mental transistor was specified, it 
was available as a stock item with 

RETMA number by the time the 
article appeared. 

Could it be that engineers and 
gadgeteers writing for more popu-
lar magazines frequently anticipate 
the work of ivory-tower profession-
als, but that their work is con-
veniently ignored unless it appears 
in a "professional journal?" 

Luis VICENS 

OMNICO 
W HEATON, MD. 

Our article describes an f-m 
transmitter using a modern pnp 
alloyed-junction transistor; the 
Radio & TV News story described 
a transmitter using an experi-
mental junction tetrode transistor. 
The single circuit described in 
ELECTRONICS performs the func-
tions of audio amplification, r-f 
oscillation and frequency modula-
tion; the signal from the micro-
phone is effectively amplified by 
a common-emitter audio amplifier. 
In the Radio & TV News article, 
the signal from the microphone is 
used almost directly to frequency-
modulate the r-f oscillator. 

In July 1957, the ZJ7-2 (3N30) 
tetrode transistor was experimen-
tal and beyond the reach of most 
experimenters; it is now available 
at $28.80. The 2N499 transistor 
in the ELECTRONICS article retails 

at $8.25. 
For many reasons we felt that 

authors Thomas and Klein de-
scribed a substantial advance, not 
only over the circuit described by 
Garner, but also over a circuit de-
scribed by Thomas in ELECTRONICS 
for Feb., 1954. 

Transformerless Supplies 

It would appear that the magni-
tude of the surge current at switch-
on is not appreciated by your 

You Can Locate 
Nearest 
SALES OFFICES 
in this year's 
BUYERS' GUIDE 

A one-step method for 
locating the nearest 
sales office of every man-
ufacturer listed in the 
GUIDE. The nearest 
sales offices to you (with 
addresses and phone 
numbers) are listed di-
rectly after manufactur-
ers' names in the Manu-
facturers' Index. 

One more reason why 
advertisers and users of 
the BUYERS' GUIDE 
receive extra benefits 
available in no other 
place. 

electronics 
BUYERS' GUIDE 
and Reference Issue 
A McGraw-Hill Publication 

330 West 42nd st. 

N. Y. 36, N. Y. 
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contributor F. G. Kelly when he rec-
ommends the use of transformer-
less supplies in his article ("Trans-
formerless A-C Filament Supplies," 
p 56, June 26). 

If switch-on happens to occur at 
peak voltage, 165 y, and a tube 
heater ( e.g. 12AU7) is cold, haying, 
say, normal resistance, this is 
the only thing limiting surge cur-
rent apart from supply impedance. 
Thus the surge current could be 20 
amps; to use a series capacitor is 
to invite a high tube failure rate. 

A. B. MORROW 
BUSHEY HEATH, HERTS. 
ENGLAND 

Author Kelly replies: 

I would like to point out that 
while it is theoretically possible to 
experience a surge approaching 20 
amps, this situation does not invite 
a high tube failure rate. Consider 
the case of a series-string heater 
connection. Here surge currents of 
the order of 10 times normal are 
experienced for a significant frac-
tion of a minute. Several decades of 
experience with so-called a-c/d-c 
radios point to an uncommonly high 
degree of reliability in such devices. 
The surge current attendant with 

my proposed reactive voltage-di-
vider lasts no more than a few milli-
seconds and induces no observable 
degradation of tube properties. It 
does cause physical stresses on the 
capacitor due to electrostatic attrac-
tion between electrodes, but I have 
been using this scheme with ordi-
nary components for several years 
with abundant success. 

F. G. KELLY 
SPACE TECHNOLOGY LABORATORIES 
Los ANGELES 

Credit Where Due 

Re: our article "Data Storage 

and Display With Polarized Phos-
phors," p 39, Aug. 28. 

In the section dealing with p.i.p. 
(persistent internal polarization) 
photography, Dr. Kallman and I 
wanted a footnote included giving 
credit to Miriam Sidran for this 
phase of the work. We would ap-
preciate it if this were brought to 
the attention of your readers. 

J. RENNERT 
NEW YORK UNIVERSITY 
NEW YORK CITY 

BEST BY DESIGN 

Not by Chance 

Constant attention to the wants and 

needs of users, has been worked into 

the finished recorder by trained design-

ers, who devote their entire effort to 

producing the best in direct-writing re-

corders. E-A Recorders are designed to 

be the best. Performance has proved 

their superiority. 

Ask for Catalog 657 

PRODUCT REPRESENTATIVES IN MOST PRINCIPAL CITIES 

The ESTERLINE-MUS Company, Inc. 
Pioneers in the Manufacture of Graphic Instruments 

Dept. E, P. O. Box 596, INDIANAPOLIS 6, INDIANA 
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NEW! ENGRAVED 
eep-Kut 

PIN & PEG STAMPS 
are better than 
ordinary rubber 
3 ways 
lc ENGRAVED Deep-Ku? is Add- Proof 

St ENGRAVED Deep- Ku? Stamping gives 

Razor- Sharp impressions every time 

Sr ENGRAVED Deep-Ku? has 

cushion- like resilience 

Engraved Deep-Kut stamp faces are 
adaptable to any marking device. 
They can be used to stamp on 
every surface, metal, wood, 
fabric, paper, plastic, etc. 

THE KRENGEL 

INSPECTION POCKET STAMP THE PIN & PEG 

KRENGEL MANUFACTURING CO., INC. Tel. CO 7-5714 

227 Fulton St., New York 7, N. Y. 

Please check the following 

FREE ENGRAVED Deep-Ku? 
Sample & Price Lis? 
Please have salesman call n 
for appointment _ _ CITY   ZONE . STATE 

MMMMMMMMMMMMMMMMMMMM 

NAME   

COMPANY 

STREET 

Dept. EL 
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EMPLOYMENT OPPORTUNITIES 

High Level Openings at AVCO for 

• THEORETICAL PHYSICISTS 

• EXPERIMENTAL PHYSICISTS 

• PHYSICAL CHEMISTS 

• ENGINEERS 

New and expanding programs concerned with the design, 
development, and flight evaluation of the Titan and 
Minuteman re-entry vehicles have opened up exceptional 
opportunities in the following areas: 

Plasma Jets, Gaseous Discharge Phenomena, Plasma Physics 

High-temperature Chemistry of Solids and Gases, High-temperature 
Properties of Materials, Vapor Pressure, Decomposition Species, 
Radiation Measurements 

Microwaves, Telemetry, Propagation through Ionized Gases, 
Basic Space Communication Studies 

Upper-Atmosphere Phenomena, Missile Detection and 
Discrimination, Advanced Missile Warfare Concepts 

Hypervelocity Ballistics and Advanced Ballistic Techniques 

Development of new sensors and recording devices for 
measuring high-temperatures, pressure, velocity, etc. 
under unusual conditions, microminiaturization 

Advanced electronic circuits for missile-borne, missile detection, 
and monitoring instrumentation, including transistorized circuitry 
development. Ultra-high-speed optical and electronic instrumentation 
for laboratory and ballistics application. Radiometric measure-
ments in the ultra-violet, visible and infrared. 
Energy Conversion and Power Supply Studies 

Broad solid-state program for theoretical and experimental research 
on high-temperature materials involving materials preparation, 
measurement of electrical and other properties, and device fabrication. 

Challenging opportunity to apply unusual high temperature 
techniques developed in the Division to these areas. 

The division's fully equipped laboratory and new suburban location 
provide an unusually attractive working, and recreational environment. 
Excellent opportunities exist for independent research 

Write to: Mr. Richard Rubino 
Scientific & Technical Relations 

Dept. E-9 

Your reply will be accorded 
absolute confidence and you 
will receive a prompt answer. 

U1111111111111111111111111111111111fillifillfillfillfill 111111111111111111111111111111 

Micro-wave Radio 

TELECOMMUNICATIONS 
ENGINEER 

Major eastern railroad now actively engaged 
in every area of communications is seeking ex-
perienced communications engineer who de-
sires: 

Practical application of his training and 
experience in an essential industry. 
Good salary and benefits with definite 
growth potential leading to management 
position. 

Candidate should have 3 to 5 years experience 
in communications field. 
Send confidential resume to 

MR. R. R. HICKS 
Director of Personnel Services 

N. Y. CENTRAL SYSTEM 
New York 17, N. Y. 

11/C0 
&search I Advanced Development 

201 Lowell St., Wilmington, Mass. 

POSITIONS VACANT 

B.S. and M.S. Electrical Engineers for re-
-.,arch work on instrumentation and control 
problems related to the steel industry. Salary 
ommensurate with training and experience. 
Large Research Laboratory, Pittsburgh Area. 
l'orward complete resume and salary require-
ments to P-2283, Electronics, Class. Adv. 

P. 0. Box 12, N. Y. 36. N. Y. 

Electrical Engineers. Evaluate instrument 
-vstems, establish calibration and operation 
procedures. Procurement, acceptance testing 
and shakedown of new instruments required 
in wind tunnel testing of models and propul-
,ion systems of rockets and missiles. Estab-
lish preventive maintenance procedures. Mon-
itor data quality and improve instrumenta-
tion. Send resume and salary requirements 
to Technical Employment, ARO, Inc., Tulla-
I llama, Tenn. 

• CONTACTS • 
FOR THE FIELD OF 

ELECTRONICS 

"HOW TO MAKE MONEY 

Mobile Radio ' Maintenance" 
AUTHORITATIVE GUIDEBOOK 

ABOUT ERE BOOM IN TWO.VIA1 MOBILE RADIO. 

GIVES ( ACTS FIGURES PAY RATES. 

WRITE TODAY! 
FREE 

AtTPRIN LABORATORIES. INC BRADENTON, FLA 

BEST PLACE TO STAY IN L.A. 
New super- MOTEL, luxury furnishings. Swim-
ming pool, utter privacy, free TV, 24- hr. tel. 
service. Single rooms or suites. Heart of S.E. 
industrial area, UP mis. from dntn. L.A. Handy 
all freeways. Clean. Commercial rates. 

DOWNEY-CAPRI MOTEL, 8220 Telegraph Rd. 
between Lakewood & Paramount Blvds. 

PROFESSIONAL 
SERVICES 

YARDNEY ELECTRIC CORP. 
"Pioneers in Compel Power" • 

Electro-Chemical Generators of Energy 

"from milliwatts to megawatts" • 

40-50 Leonard Street WOrth 6-3100 
New York 13, N. Y. • T.M. 

SEARCHLIGHT 
SECTION 

(Classified Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

AVAILABLE 
FROM INDUSTRIAL R & D 

LABORATORY, JET AIRCRAFT 

AND PILOT FOR HIGH ALTI-

TUDE CONTRACT RESEARCH. 

CIV1V-2607, Electronics 

".•20 N. Michigan Ave., Chicago 11, Ill. 

a 

TELEPHONES 
As is com)'lete. deinirative purpose 
$12.00. Working order. inter_comm 
$15.00. Ext. on dial $ 17.50. talking 
circuit only. Write for complete list. 
All shipments FOB, Simpson. Pa. 
TELEPHONE ENGINEERING CO. 

Dept. E.109, Simpson. Pa. 

WANTED 

ALLEN-BRADLEY 
RESISTORS & POTENTIOMETERS 

LEGRI S COMPANY 
391 Riverdale Ave. Yonkers 5, N. Y. 
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EMPLOYMENT OPPORTUNITIES 

-WITH A MODERN TURN OF MIND 

WE'RE 

LOOKING 

FOR 

AMAN 

LIKE 

Kepler 

Johann Kepler proved that the planes of all the planetary orbits pass through the center of the sun. 

Nearly four centuries later, his discoveries are helping us unlock the mysteries not just of our own solar system, but of 

myriads of others. 

If you're a creative engineer of senior status and with advanced ideas, you can hang your hat at Goodyear Aircraft. We 

need you in astronautics, missile development and other programs* too many to mention. 

And if you have some of the persevering spirit of Johann Kepler, we can use that, too. Write: Mr. Charles Jones, Director 

of Technical and Scientific Personnel, Goodyear Aircraft Corporation, Akron 15, Ohio. 

*Rocket propulsion interplanetary guidance, advanced black boxes, crew escape capsules. Also in ground support systems for 

missiles, radar structures, radomes, radiation research — to name just a few. 

GOOIVÎEAR AIRCRAFT 
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EMPLOYMENT OPPORTUNITIES 

GENERAL 
ELECTRIC I 

r -

MISSILE 

SYSTEMS 

I 
INTELLIGENCE 

SYSTEMS 

I 
INFORMATION 

SYSTEMS 

I 
SUPPORT 

SYSTEMS 

I 
RANGE 

MANAGEMENT 

I 
SPECIAL CUSTOMER 

SERVICES 

I 

ANNOUNCES 
the establishment of the 

Special 
Programs Section 

of the 

DEFENSE 

SYSTEMS 

DEPARTMENT 

(A Department of the Defense 

Electronics Division) 

... to serve the needs of 

THE UNITED STATES ARMY 

in the areas of 

SYSTEMS ENGINEERING and MANAGEMENT 

A few senior positions exist for individuals with experience in missile and electronics 

systems engineering. We would welcome the opportunity to review your resume, sent to: 

Dr. W. Raithel 
Manager — Engineering 

Special Programs Section; Dept. 309 
General Electric Company 
21 South 12th Street 
Philadelphia, Pennsylvania* 

*Temporary location while new 
facility is being constructed in 
suburban Radnor, Pennsylvania. 

GENERAL ELECTRIC 
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IDEA 

ORIGINAL PHOTO 

Quantizing Photographs—electronic surveillance pictures are a source of information, but the usefulness of such 
information when transmitted over long distances depends upon the faithfulness of the data link. Amplitude modu-
lation, as the data- link approach, cannot be relied upon as signals are oftimes attenuated to almost useless levels. 

Quantizing photographs and then using a coded transmitting scheme such as pulse code modulation improves repro. 
duction and surveillance usefulness at the receiving end of the digital transmission link. 

RESULT: faithful transmission and reception over greater distances. 

TRANSMITTED: BY AMPLITUDE MODULATION 

design, manufacturing and quality control engineers- 3-10 years experience 

arid icI t 1" I 

Ideas come where they are encouraged, and at TI's 
Apparatus Division engineers work in a permissive 
atmosphere, one which produces creativity as a 
natural result. Both the modern air-conditioned work 
facilities and the pattern of life in the progressive 
city of Dallas encourage a man to his most efficient 
productivity and rewarding accomplishments. 

Your experience in one of the following technologies 
may find immediate application in our Electronic 
Surveillance, Antisubmarine Warfare, Heavy Surface 
Radar, or Missile Systems programs. 

radar • sonar • infrared • magnetic anomaly detection • passive 

detectors • servos • navigational systems • special-purpose 

computers • timers • programmers • microwave • telemetering 

• data link • optics • video mappers • visual displays • intercom 

PROFESSIONAL 

PLACEMENT 

APPARATUS 

DIVISION 

BY QUANTIZING AND CODING 

Our stable growth requires a steady influx of men 
qualified in these technologies. To learn more about 
us and how we can fit into your career plan, write 
for a copy of "We can tell you this much about 
Apparatus division" to: J. R. Pinkston, Department 
102 Apparatus Division 

current career openings 

EE's & PHYSICISTS: missile guidance, control systems design 
and analysis, radar (ground and airborne), antenna and microwave 
components, servo- mechanisms, telemetry, digital circuits, sonar, 
infrared design, and flight test. 

ME's: antenna, mechanisms, miniaturization, thermodynamics, 
refrigeration, insulation, packaging, and structures design. 

INDUSTRIAL ENGINEERS: cost estimating, quality control, 
arid quality assurance studies. 

MANUFACTURING ENGINEERS: tooling design and produc-
tion planning and supervision. ( Degrees in EE or ME.) 

TEXAS 1 ,îi5) INSTRUMENTS 
e INCORPORATED 

6000 LEMMON AVENUE • DALLAS 9. TEXAS 



EMPLOYMENT OPPORTUNITIES 

Explore new areas 
at IBM in 

All)(113-1-1 E 
At II31\1, creative mathematicians are discovering important, new applications of mathematics in the 

electronic computer field. Long before actual construction of IBM's unique Magnetic Character 

Sensing Machine, for example, mathematicians were at work on a mathematical model, testing both the 

over-all design and the logic circuitry needed for character recognition. In another project, mathematicians 

employed large-scale computers to simulate, in a matter of weeks. eight years of engineering work which 

have yet to begin. Currently under study are vehicular penetration problems involving thousands of 

variables. Projects of this sort demand keen, discerning minds. If you have a flair for creative mathematics, 

you're the man we want to talk to. 

You will enjoy unusual professional freedom and the support of a wealth of systems know-how. 

Comprehensive education programs are available, plus the assistance of specialists of many disciplines. 

Working independently or as a member of a small team, your cont ributions are quickly recognized and 

rewarded. This is a unique opportunity for a career with a company tluit has an outstanding growth record. 

CAREERS 

Analog & digital computers 

Applied mathematics 

Circuit design 

Communications theory 

Computer system design 
& analysis 

Control system research 

AVAILABLE IN THESE AREAS... 

Experimental techniques 

Field theory 

Human factors engineering 

Logic 

Mathematical & numerical 
analysis 

Operations research 

Probability theory 

Reliability 

Scientific programming 

Solid state 

Statistics 

Switching theory 

Theoretical physics 

Qualifications: B.S., M.S., or Ph.D. in. 

Mathematics, Physics, Statistics, Engi-

neering Science, or Electrical Engineer-

ing— and proven ability to assume 

important technical responsibilities in 

your sphere of interest. 
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EMPLOYMENT OPPORTUNITIES 

ASSIGNMENTS NOW OPEN INCLUDE... 

MATHEMATICIAN: to handle mathematical analysis of advanced 

scientific computer programming for solution of 
systems problems, differential equations, prob-
ability-type problems, photogrammetry problems. 

STATISTICIAN: 

RESEARCH MATHEMATICIAN: 

APPLIED MATHEMATICIA 

MATHEMATICIAN-PROGRAMMER: 

OPERATIONAL PROGRAMMER: 

OPERATIONS RESEARCH 

MATHEMATICIAN: 

For details, writp, outlining 

background and interests, to: 

Mr. R. E. Rodgers, Dept. 55414 
IBM Corporation 

590 Madison Avenue 
New York 22, N. Y. 

to solve analysis-of-variance and multiple- regres-
sion type problems; to design experiments for 
various engineering applications and select form 
of statistical analysis of greatest value; to give 
statistical support to engineering departments in 
such areas as reliability analysis and human fac-
tors engineering by developing statistical pro-
grams for the IBM 704. Statistical experience in 
engineering problems and thorough knowledge of 
statistical distribution functions necessary. 

to investigate statistical problems in control sys-
tem research on digital computer; to study control 
problems of analog to digital conversion, with 
particular reference to matrix problems; to apply 
experience with networks, statistics, or communi-
cations theory to problems in computer design; 
to solve problems involving switching theory, 
probability and information theory, and coding. * 

CS 
to undertake assignments involving knowledge of 

feedback control theory, data systems theory, 

servomechanisms, information theory, statistical 
models, heat flow, circuitry, magnetics, probability. 

to specify and program elements of a sophisti-
cated automatic programming system. Must have 
considerable experience in automatic program-
ming research. 

to develop computer program techniques for real-
time military applications, using game theory and 
systems simulation. 

to evaluate closed loop systems consisting of 
computers, radar displays, and inertial equip-

ment; to simulate advanced weapons systems in 
order to evaluate alternate design concepts; to 
analyze and design electromechanical systems, 
studying targets, tactics, and operational effec-
tiveness. Experience in applying advanced mathe-
matical techniques to weapons systems analysis 
and evaluation. Knowledge of probability and lin-
ear programming techniques. 

e 

CAREER 
OPPORTUNITIES 

AT TI 

=• 0.11PT113 

----------

CIRCUIT DEVELOPMENT 
ENGINEER 

your future: 
a challenging opportunity 
with an industry leader 

At Texas Instruments, your future 
is filled with specific, stimulating 
growth assignments in evaluating 
and characterizing transistors and 
special semiconductor devices. You'll 
participate in such transistorization 
projects as: 

• AM, FM, and TV receivers 
• audio and video, i-f and r-f amplifiers 
• hi-fi and electronic organs 
• nonlinear and switching circuits 
• computer system logic 

• servo and power amplifiers 

With TI ... receive liberal company-
paid benefits, including profit shar-
ing (last year 1.5(/, of base salary) 
... enjoy premium living in a mod-
erate climate with excellent neigh-
borhoods, schools and shopping 
facilities. 

Interviews will be held in your area 
soon. If you have an Electrical Engi-
neering degree and/or knowledge of 
transistor circuitry, please send a 
resume to: 

H. C. Laur, Dept. 200-E- EL 
(for immediate Eastern appointment) 

1141 E. Jersey Street, Elizabeth, New Jersey 

or 
C. A. Besio, Dept. 200- EL 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR - COMPONENTS DIVISION 

POST OFFICE BOX 312 • DALLAS TEXAS 
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EMPLOYMENT OPPORTUNITIES 

LENKURT 
has openings for 

• Communications 
Engineers 

• Development 
Engineers 

• Sales 
Engineers 

• Asst. Electrical 
Engineers 

• Engineering 
Writers 

Live and work on the 
Beautiful San Francisco 
Peninsula! 

Please call collect 
LYtel 1-8461 

or send resume 

E. Jack Shannahan 
Employment Manager 

LENKURT 
ELECTRIC CO., Inc. 
1105 County Road 
San Carlos, California 

to: 

r PRODUCT DESIGN ENGINEER 
Permanent position. Commercial prod-
ucts only. Chicago area manufacturer 
of microphones and receivers has an 
()peening for a supervisory engineer. 
This is a top level position. Candidate 
must be a graduate engineer with a 
B.S.E.E. or a graduate of a college level 
technical school and should have a mini-
mum of 5 years experience as a product 
design engineer in the electronic com-
ponent field. Experience should include 
test equipment maintenance and pro-
duction line trouble shooting. Will be 
responsible for final designs of miniature 
electronic components after receipt of 
initial proto-types from the research and 
development group. Excellent salary. 
Send resume in confidence to: fames G. 
McCracken, Director Industrial Relations. 

KNOWLES ELECTRONICS, INC. 
10545 Anderson Place 

Franklin Park, Illinois 

GLadstone 5-3600 

CHAIIENGING OPPORTUNITIES 

IN RESEARCH 
INU DEVELOPMENT 

ELECTRONIC 
ENGINEERS 

SYSTEMS 
ENGINEERS 

Design of electronic 
instrumentation f o r 
underwater ordnance. 
Analytical and experi-
mental treatment of 
scientific research prob-
lems in the fields of 
hydrodynamics, acous-
tics, electronics, net-
work theory, servo-
mechanisms, mechanics, 
information theory and 
noise analysis includ-
ing analogue and digi-
tal computations. 

THE 
PENNSYLVANIA STATE UNIVERSITY 
ORDNANCE RESEARCH LABORATORY 

P. O. Box 30 

University Park, Pennsylvania 
• Opportunities for Graduate Study 

• Faculty Appointments for Qualified Applicants 

• Excellent Working and Living Conditions 

Send Resume To: 

ARNOLD ADDISON 

Personnel Director 

electronic 

instrument 

development 

engineers 
il ttf infl N., of anif fIffle Off • 
prrieff cf. 1'05mi-fit An advancid d,- tree 
desirable but rod essential. 

Boonton pioneers in de-B,,Juse veloping such fundamental 
precision measurement in-

struments as the "Q" meter and other 
pacesetting electronic devices, your op-
portunity to engage in creative research 
is unusually great. As a member of our 
development team, you'll be exchanging 
ideas with men who have made notable 
contributions to the state of the art. By 
joining our staff now, your opportunities 
to make contributions to our expanding 
product line will be great. 

If your experience lies in, 

• CIRCUIT ANALYSIS AND SYNTHESIS 
• VHF OR UHF MEASUREMENT TECHNIQUE 
• PRECISION MEASUREMENT OF FUNDA-
MENTAL PHYSICAL QUANTITIES 

then we urge you to write or call 
Mr . P VAN DUYNE Engineering Manager 

BOONTON 

RADIO Corp. 
BOONTON New Jersey 

SENIOR 
ELECTRICAL 
ENGINEER 

Development engineering 
in measurement and con-
trol of production 
machinery. Experience re-
quired: 3-8 years in elec-
tronics design with servo-
mechanism background. 
Electro-mechanical design 
experience desirable. 
Engineering degree or 
equivalent required. 

Please submit complete resume 

TOBACCO PRODUCTION 

DEVELOPMENT LABORATORY 

AMERICAN MACHINE 
& FOUNDRY COMPANY 
Box 9127 Richmond 27, Virginia 

MANUFACTURERS REPRESENTATIVES 
pmperienceil component ,alvs engi-

1,, anizations inten-ded in the following 
New England States;—Minnesota, Iowa. 

Wisconsin: South l'ainlina, t eorgia, .Alabania:-
Kansas, Missouri. .‘ dian,,a.;-1.ouisiana. Missis-
d,Ui: - New teviegi,.%rizoita. 
Finn is well established producer of wide range of 

etronie Wiring device, with excellent product ae-
RW-2253, Eleetronics 

52o N. m ehi gan ( Ideal:, I I. III 

ELECTRONICS-FRANCE 
Aggressive well established—since 1932—sales-engi-
neering organization. Best connections to govts & 
industry. well liked French- American management, 
will cooperate with U.S. mfrs wishing to enter 
EUROPEAN COMMON MARKET. Write 

RA-2538, Eliu•tronicei 
\.1 I f P.O. lIs 12. N. Y : fff NY 

STAFF ENGINEER 
Comniunication, division of an alert expanding 
concern need B.S.E.E. or physics to supervise 
groups of technical tasks in phases of electronics 
systems. Potential SI.1.000—SI5.000. No tee. 

MONARCH PERSONNEL 

28 East Jackson Blvd. Chgo, Illinois 

Your Inquiries to 

Advertisers Will 

Have Special Value... 

—for you—the advertiser—and the 
publisher, if you mention this pub-
lication. Advertisers value highly 
this evidence of the publication you 
read. Satisfied advertisers enable 
the publisher to secure more adver-
tisers and—more advertisers mean 
more information on more products 
or better service—more value—to 
YOU. 
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COMPLETE LINE 

+FAST SERVICE  

HIPERSIL CORES 
Westinghouse stocks all types 

and sizes of Hipersil cores in three 
locations to serve you better 

COMPLETE LINE includes the 
new EIA, RS-217 standard sizes. 

• Type C: 12,4,2 and 1 mil sizes, 
in single- and 3-phase, from 
a fraction of an ounce to 
300 pounds. 

• Ring Cores: with new 
polyclad treatment—assure 
best magnetic performance of 
any Epoxy resin-coated core 
ready to receive windings. 

• Special Cores: to any 
specification and shape 
requirement—rectangular, 
triangular and others. 

FAST SERVICE is assured by 
complete stocks at Greenville, 
Pa.; Boston, Mass.; and 
Los Angeles, Calif. 

Performance of Hipersil® cores 
in "iron-core" components is 
guaranteed to meet or exceed 
specifications. 

For more facts, write for Price 
List 44-520 and Descriptive 
Bulletin 44-550 to Westinghouse 
Electric Corporation, P.O. Box 
868, Pittsburgh 30, Pa. ,m0,20 

YOU CAN BE SURE... IF 

Westinghouse 
Haydon Company, A. W., The  I s sierra Electronic Corp 106, 107 

VI•TC14 ESTINGMOUSC LUC'Llr APP.. ssioees• 
CBS TV FRIDAYS. 
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PRECISION 

/WI' FREQUENCY 

STATIC 

INVERTER 

SUPPLY 

INPUT 28V D.C. ± 10% 

OUTPUT Nom. 115V ± 2% 

400 CPS ± 0.01% 

1 0 (2- or 3-phase output available) 

RATINGS:  30VA 50VA 100VA 

Higher ratings available. 

APPLICATION: 

For gyro wheel supplies and 
where precise 400 cycle 

voltages are required in air-
craft, radar and missile 
computers. 

FEATURES: 

PRECISION OUTPUT FREQUENCY 

RUGGED 
EXCELLENT WAVEFORM 

SIMPLICITY OF CIRCUITRY 

FAST STARTING TIME 

GOOD VOLTAGE REGULATION 

throughout an adjustable range 

ISOLATED CASE DESIGN 

HIGH RELIABILITY 
VIBRATION ISOLATED 

COMPACT 

LIGHTWEIGHT 

MILITARY SPECIFICATIONS 

(Send for Bulletin S-864) 

MAGNETIC 
AMPLIFIERS, INC. 

632 TINTON AVENUE • NEW YORK 55, N. Y. • CYPRESS 2-6610 

West Coast Division 

136 WASHINGTON ST. • EL SEGUNDO, CAL • OREGON 8-2665 
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"ALL-WEATHER" 

Anywhere... 
At sea, in the icy 
cold of the 
antarctic! 
S.S.WHITE Molded 
Resistors in values 
up to 50,000 
megohms 
retain their 
characteristics. 

in Any 
Weather 
Airborne, in the 

steaming heat of 
the tropics! 

S.S.WHITE Molded 
Resistors are 

made of coated, 
non-hygroscopic 

material that 
resists moisture. 

Molded Resistors 

Withstand Temperature 

and Humidity 

FIXED RESISTANCE VALUES RANGE 
FROM 1000 OHMS TO 10,000,000 

MEGOHMSI 
65X Molded Resistor — 1 watt 
80X Molded Resistor — 3 watts 

While bargain buys in resistors are wear-
ing out and being replaced, durable S.S. 
W HITE "All-Weather" Molded Resistors 
are still giving top performance in hun-
dreds of commercial, industrial and sci-
entific applications. 
Our resistors are characterized by low 

noise level . .. precision .. . stability . . . 
have negative temperature and voltage co-
efficients. Compact . . . excellent stability 
and mechanical strength ... values do not 
deteriorate due to age. 

We'll be glad to cooperate with you in 
applying these high-quality resistors to 
your product. For our Bulletin 5409, just 
drop a line to Dept. R. 

INDUSTRIAL DIVISION 

10 East 40th Street 

New York 16, New York 
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