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look what you can measure with the hp 410C Electronic Voltmeter: 

1. de voltage, 1.5 mv to 1500 v; no zero set 

2. de current, 0.15 nanoamps to 150 ma; no zero set 

3. ac voltage, 50 mv to 300 v; to 700 me 

4. resistance, 0.2 ohm to 500 megohms; 
no zero or oo set 

Never in electronic measurement has so small 
an instrument done so much so well! Ideal for use 
in the lab or service department or on the produc­
tion line. A unique hybrid circuit eliminates drift 
(and the need for a zero set) and provides such 
features as 100 megohms de voltmeter input im­
pedance; low resistance recorder output, 1.5 v de 
at full scale; de voltage accuracy of -+- 2% of full 
scale, current accuracy of-+- 3% of full scale, float­
ing input for measurement to 400 v above chassis 
ground. The 410C also incorporates a rugged indi­
vidually calibrated taut band meter movement. Get 
all the facts from the specifications below. Then 
get a demonstration from your Hewlett-Packard 
field engineer. 

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

HEWLETT ~ 
PAC KARD 
COMPANY . 
1501 Page Mill Road, Palo Alto, Calif. 94304, (415) 326-7000. 
Sales and service in all principal areas. Europe, Hewlett-Packard 
S.A .. 54 Route des Acacias, Geneva, Switzerland; Canada, 
Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal , Que. 

8690 

DC VOLTMETER 
Range: 

Accuracy: 
Input resistance: 

DC AMMETER 
Ranges: 

Accuracy: 
Input resistance: 

Special current 
ranges: 

OHMMETER 
Range: 

Accuracy: 
AMPLIFIER 

Voltage gain: 
Output: 

± 15 mv to ± 1500 v full scale 
± 2% of full scale, any range 
100 megohms ± 1 % on 500 mv range and above; 10 
megohms ± 1 % on 15 mv, 50 mv and 150 mv ranges 

± 1.5 µa to ± 150 ma full scale 
± 3% of full scale, any range 
decreasing from 9 k ohms on 1.5 µa scale to approx. 
0.3 ohm on 150 ma scale 
± 1.5, ± 5, and ± 15 nanoamps to ± 5% on the 15, 
50 and 150 mv ranges using voltmeter probe 

10 ohms to 10 megohms, center scale 
± 5% of reading at mid-scale 

100 maximum 
proportional to meter indication; 1.5 v de at full 
scale; maximum current 1 ma; impedance less than 
3 ohms at de 

AC rejection: 3 db at l/2 cps; approx. 66 db at 50 cps and higher 
frequencies for signals less than 1600 v peak or 30 
times full scale, whichever is smaller 

Noise: less than 0.5% of full scale on any range (p-p) 
DC drift: less than 0.5% of full scale/year at constant temp­

erature; less than 0.02% of full scale/ •c 
Recovery: recovers from 100:1 overload in less than 3 sec 

AC VOLTMETER (hp 11036A AC Probe required) 
Ranges: 0.5 v to 300 v full scale, 7 ranges 

Accuracy: ± 3% of full scale at 400 cps for sinusoidal voltages 
from 0.5 to 300 v rms; ac probe responds to the pos­

Frequency 
response: 

Frequency range: 
Input impedance: 

itive peak-above-average value of applied signal 
-3% ± 2% at 100 me; ± 10% from 20 cps to 700 
me (400 cps reference); indications to 3000 me 
20 cps to 700 me 
input capacity 1.5 pf, input resistance greater than 
10 megohms at low frequencies; at high freq uencies 
impedance drops because of dielectric loss 

Meter: calibrated in rms volts for sine wave input 

GENERAL 
Maximum input: 

Power: 

Dimensions: 
Price: 

Option 01: 

dc-100 v on 15, 50 and 150 mv ranges; 500 v on 0.5 
to 15 v ranges; 1600 v on higher ran~es; ac-100 times 
full scale or 450 v peak, whichever 1s less 
115 or 230 volts ± 10%, 50 to 100 cps; 13 watts (20 
watts with hp 11036A probe) 
6-17/32 " high, 5-1/8 " wide, 11" deep behind panel 
hp 410C, $300 
hp 11036A Probe calibrated with instrument, add $50 
to price of 410C; 11036A, $60 when ordered sepa­
rately 
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TALL TOWER. Rising 1,210 feet above the California desert near 
Barstow is an antenna that marks the center of a communications 
site being developed by Space-General for the Air Force Elec­
tronics Sys.terns Division. The install.a1tion also includes tram;­
mitters, receivers and buried antenna elements. It is said to 
make up a low-frequency communications system capable of 
maintaining contact between USAF bases even during a nuclear 
attack. About half the guywire system acts also as an an-tenna. 
See p 11 COVER 

A RADIO FOR EVERY SOLDIER? In its hunt for radio sets that 
can be carried by front-line soldiers, Army is now trying minia-
ture receivers and transmitters, instead of transceivers. Army 
hopes they can eliminate hand signals and shouting among squad 
members, which now expose combat patrols to enemy detection 10 

SURVIVABLE COMMUNICATIONS. Air Force is investigating 
low-frequency communications, as a means of maintaining global 
communications despite nuclear-caused radio blackout and iono­
spheric height changes. For tests, a 1,210-ft antenna has been 
built near Edwards Air Force Base 11 

MINUTEMAN'S MICROCOMPUTER. Completion of the first 
microelectronic computer for the Improved Miinw~eman ICBM 
wa:s repor.ted LaSit week. It required a s•beady .aocelenation in sup­
plies of integrated circuits. Integrated-circuit yields are still low 14 

NEREM SESSION. A post-deadline session has just been sched­
uled, the first in NEREM's history. There won't be any new­
product-oriented seminars this year, but one NEREM official 
favors adding them by 1965 14 

RESEARCH IN NEW ENGLAND. Our sampling of next week's 
NEREM meeting includes : semiconductor laser radar using a 
high-power GaAs diode, hydrogen-oxygen fuel battery system, 
traveling-wave parametric amplifier, traveling-wave coherent­
light modulators, microelectronic synchronous filter for telephone 
switching, construction of a high-frequency monolithic linear 
amplifier and rheotaxial or vacuum-deposited silicon thin films. 
The high-frequency microcircuit amplifier makes use of both 
thin-film and diffusion processes. 

By T. Maguire 23 

GLASS-TUBE ARRAY PRODUCES MANY BEAMS. The prob­
lem was to arrive at a modular design for military antennas 
that could provide various radiation characteristics controlled 
by simple mechanical means and present a narrow, nonmetallic 
silhouette. The answer was a mechanically steerable zoom 
antenna composed of glass-fiber rods. Separation and angles 
between array elements are controlled by rotation of spiral-slot 
disks in front and back of the tubes. 

By K. Ikrath and W. Schneider, US Army Electronics R&D Lab. 28 
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NOVEL FIELD-EFFECT DEVICE PROVIDES BROADBAND 
GAIN. Field-effect, hole-conducting metal-oxide-semiconductor 
transistors (p-MOST) consist of an n-type silicon substrate into 
which are diffused two adjacent islands of p-type conductivity. 
A silicon-oxide insulating layer overlays the area between the 
two p regions and a thin metal gate electrode is deposited on the 
oxide layer. A p-MOST does not conduct until the gate is biased 
with the same polarity voltage as the output. It is a voltage­
operated device whose gate draws no d-c. By F. M. Wanlass, 
Fairchild Semiconductor 30 

PLATED HOLES SIMPLIFY MEMORY DESIGN. New thin-film 
memories afford higher-speed operation than conventional ferrite 
cores; however, the open-flux nature of most of these devices 
gives rise to phenomena such as creep and dispersion. This ap­
proach combines the advantages of a thin-film memory with 
the desirable characteristics of closed-flux magnetic paths. 

By J . S. Sallo, Honeywell Research Center 34 

X-RAYS AND COMPUTERS. Biomedical researchers find that 
digital and analog processing of radiographs enable them to make 
sharper analyses. In one case, a lung malignancy that could not 
be seen by the unaided eye became visible after digital processing 38 

DEPARTMENTS 

Crosstalk. Lean and Hungry 5 

Comment. Vela Hotel. Capacitance Chargers 6 

Electronics Newsletter. lmplanrted Radio Receiver Aids 
Paraplegics 17 

Meetings Ahead. National Aerospace Electronics 
Conference 18 

Washington This Week. Stimulan-ts for R&D Sought as 
Defense-Space Work Wanes 20 

Research and Development. Thick-Film Memory Has 
High Output 40 

Components and Materials. Light Isolates Amplifier 
Stages 43 

Production Techniques. Wires Cut Crystals Accurately 46 

New Products. Camera Aids Luminous Transient Studies 49 

Literature of the Week 52 

People and Plants. NCC Expanding Plant 54 

Index to Advertisers 60 



Why Allen-Bradley hot molding is 
so important to resistor performance 

• First and foremost, Allen-Bradley's exclusive hot 
molding provides a uniformity that cannot be matched 
by any other resistors on the market- a fact with which 
hundreds of Allen-Bradley customers have become 
acquainted through their experience for over 30 years. 
Such history of uniformity in physical dimensions and 
electrical properties from one resistor to the next . . . 
from one order to the next ... has been demonstrated 
in the production of more than ten billion resistors. 

In addition, with their stable characteristics and con­
servative ratings providing an extra margin of safety, you 
can accurately predict long term resistor performance 
under various circuit conditions - and at all times be 
certain of complete freedom from catastrophic failures. 

A unique manufacturing method is the key which 

TYPE TR t/10 WATT MJL TYPE RC 08 

TY~E CB 1/A WATT MIL TYPE RC 07 

TYPE EB 1/2 WATT MIL TYPE RC 20 

TY~E GB 1 WATT MIL TYPE RC ·32 

TY~E HB 2 WATTO - MIL. TYPE RC 4Z 

electronics November 1, 1963 

makes all this possible. Allen-Bradley's hot molding 
technique is unlike anything in the industry, because 
both the process and the automatic machines - with 
built-in precision control- were developed and per­
fected by Allen-Bradley. Here, the resistance material, 
insulation material, and lead wires are hot molded into 
one solid integral structure that's mechanically strong­
completely free of cracks which might admit moisture. 

There are additional reasons why more and more 
leading electronic manufacturers are standardizing on 
Allen-Bradley hot molded resistors. Complete specifica­
tions are furnished in Technical Bulletin 5050. Please 

'send for your copy, today: Allen-Bradley Co., 110 W. 
Greenfield Ave., Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Ltd., Galt, Ont. 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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Increasingly complex advanced systems depend heavily on basic components 
for reliability, weight and space savings. Knowing this, Electronic Specialty 
developed a micro-micro-miniature magnetic latching relay that is ideally 
suited to sophisticated aerospace systems as well as technically advanced indus­
trial applications. The new "pico" relay is a hermetically sealed, two pole 
double throw type that weighs only 0.35 ounce, with a contact rating from I 0 
microamperes to 2 amperes, and an operating life and reliability equal to that 
of relays twice the size and weight. o For additional information on the "pico" 
relay, write to the Director of Marketing, address below. 

ES is a diversified, dynamic, 
multi-divisional organization serv­
ing defense and industry over a 
broad range of vital areas with 
advanced systems, sub-s.ystems, 
and state-of-the-art components . 
Major contributions are currently 
being made in the following: 

ELECTRONIC AND 
ELECTROMECHANICAL 
CONTROLS: 
gyroscopes, relays, static switching 
devices, sensors, flashers, regula­
tors, converters, rotary and linear 
actuators; motors, generators, 
weapon and camera controls, elec­
tromechanical assemblies for aero­
space applications. 

COMMUNICATIONS: 
antennas, flexible and rigid wave­
guides, coaxial switches, diplexers, 
power dividers, filter, radio tele­
scopes, solar furnaces, matching 
networks, antenna drive motors 
and controls. 

POWER: 
precise power systems, dynamo­
tors, computer power sources, 
motor - generators, actuators, 
starter generators, power conver­
sion systems, transmission towers 
for public utilities. 

SPACE CONDITIONING: 
electronically programmed envi­
ronmental controls and systems for 
industrial, commercial, and mili­
tary applications. 

SYSTEMS: 
Systems Laboratories conduct 
research, development and study 
programs in reconnaissance, elec­
tronic countermeasures, interfer­
ometer phased array systems, and 
total energy packages; integrating 
divisional components , sub-sys­
tems, and specialized technical 
skills. 

For information concerning the cor­
porate systems capability, product line, 
or research and development programs, 
write .to the Director of Marketing, 
address below. 

ES ELECTRON 10 SPECIALTY 0 0. 
5121 San Fernando Road • t..o s Ange1es 39, California 
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---------------CROSSTALK--· 
Lean and Hungry 

ALL IS NOT ROSES with all of the electronics in­
dustry everywhere. Grand totals continue to be im­
pressive on a national level , but in regions relying 
heavily on defense-space electronics the Administra­
tion's current attitude toward new R&D and procure­
ment is causing considerable concern. 

For example, while gathering material for this 
week's preview of the NEREM conference, our 
regional editor in Boston, Tom Maguire, surveyed the 
business situation locally and came up with the fol­
lowing conclusion: "There's nothing wrong with 
electronics in New England that isn't wrong with the 
defense-space business everywhere." 

The area, Maguire says, is afflicted with "the triple 
malady of the defense-space business today: stretch­
out, overcapacity, concentration of business within a 
relatively few firms." Besides the Defense Depart­
ment's procurement-<:ycle stretchout, he says, New 
England now fears a stretchout in Apollo and other 
NASA programs. The situation is further aggravated 
by DOD's stand against "proliferation of R&D con­
tracts." New England, Maguire points out, has most 
of its eggs in the RDT &E basket. 

A rash of merger negotiations indicates the plight 
of many small firms. Increased use of fixed-price or 
incentive contracts is raising the investment needs of 
such companies and jeopardizing the small cost-plus­
fixed-fee type of research outfit characteristic of New 
England . These companies also depend largely on 
subcontracts, and today prime contractors are keep­
ing more work in-house despite frequent allegations 
to the contrary. 

The Boston area hopes the proposed NASA elec­
tronics research center will be located nearby and will 
at least partially solve the problem. But it may be a 
long time coming, and might not do for New England 

Coming In Our November 8 Issue 

NEW COMPUTER MEMORIES. While ferrite cores, 
magnetic drums and disks, and tapes are still 1he lords of 
the memory domain, the microelectronics revolution is 
fostering the development of new forms of memories. 

Laminated ferrites, thin films, cryoelectric devices and 
organic diodes-these are some of the approaches being 
tried .jn the attempt to find memories more compatible 
with microelectronic computers . 

Next week, our lead feature article will provide you 
with an opportunity to catch up with these developments 
that may eventually lead to memories that are high in 
speed, large in capacity and Iow in cost despite their small 
size. 

Other topics that will he covered next week include: 
• Beam plasma amplifier. This millimeter-wave de-

electronics November l, 1963 

RADIOTELESCOPE at Sagamore Hill peers into a darkening 
sky. This installation is part of the Air Force's research 
complex centered in Bedford, Mass. 

what the NASA center in Houston might do for Texas . 
In Boston, the surrounding industrial complex already 
exists. 

What then is the solution for New England? Like 
other parts of the country in a similar position, New 
England is trying hard to get- big new defense-space 
contracts. It is also going after new civilian markets. 
New England appears to be seeking new civilian mar­
kets, in fact, with more vigor than most other areas 
because, Maguire says, engineers and management 
people are already becoming "lean and hungry." 

"You don't develop new products on full stomachs," 
he quotes an industry leader. "The fluff has gone out 
of this business, so now more of us are applying imagi­
nation and ingenuity to translating defense R&D into 
products for a big-volume civilian market." 

vice shows promise as a means of generating substantial 
power in a largely untapped portion of the spectrum. 
The device reported on has shown a power gain of 40 
db at 38 Ge. 

• R-f properties of solid-state components. This is 
an important consideration in weapons-system design, 
since with adequate information control designers can 
prevent premature actuation of weapons. 

• Analog ratio computer that uses a Hall-effect multi­
plier. This unique computer required development of a 
new type of transducer. 

• Using varactors to extend frequency control range . 
Described in this article will be an afc circuit that im­
proves performance of transistorized radio receivers, but 
requires fewer components. 

5 
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FIRST MAJOR CHANGE 
IN 

High-Power 
Mica Capac it ors 

SPRAGUE CAST MICA 
CAPACITORS 

Encapsulated in high-tem­
perature epoxy resin by 
specially patented process 

One-third smaller in size 
and weight than old­
f o sh i on e d potted 
assemblies 

New shapes and mount­
ings-can be used with or 
without mounting plates 

Operation to 125 C without derating 
Superior therma l conductivity - higher 
r- f current capabilities 

Rugged cast housing with hermetic seals 
eliminates use of potting waxes 

Exceed MIL Specif ications 

For application engineering 
assistance write to Mica Capac­
itor Section, Field Engineering 
Dept. For complete technical 
data write for Engineering Bul­
letins 1230 and 1240 to Techni­
cal Literature Service, Sprague 
Electric Co. , 35 Marshall St., 
North Adams, Massachusetts. 

SPRAGUE® 
THE MARK OF RELIABILITY 

CIRCLE 6 ON READER SERVICE CARD 

-----COMMENT-----

VELA HOTEL 

In ELECTRONICS, Oct. 18 (p 57), Test-Ban Monitors Set for Launch, by John 
Wasik, he mentions that the Vela Hotel project is part of a "highly classified 
program" and that it is governed by "tight-lipped officials." Yet he goes on to 
give voluminous details on the satellite: its purpose, its altitude, its ground support 
stations, its detectors, logic system-in short, everything one would want to know 
about it. Fine reporting, but. He calls them secret satellities. 

ROY PAANANEN 
Concord, Massachusetts 

• Vela Hotel is not that secret. If it were, it would not have been launched from 
Cape Canaveral (a noted tourist attraction), nor would information on it be 
available in AEC publications and in published Congressional hearings. 

As to our article giving voluminous details, a detailed article in ELECTRONlCS 
usually contains schematics or at least block diagrams. Almost no information 
on the logic and telemetry systems of Vela Hotel has been made available to the 
press, and therefore we printed vi rtually no information on these "sensitive" 
subsystems. 

VALUE ENGINEERING 

In the Oct. 25 Comment (p 6), Dave Fram's engineering training seems to have 
been unusual. TJ;ie one commonly predominant concept that was characteristic 
of most of my engineering courses was the engineer's responsibility for designs 
that were "cheaper and more efficient." Jn fac t, this phrase was used as a stock 
student's answer to an instructor's questions for which one might have been un­
prepared, and invariably it was correct. 

I think reader Fram is confusing the engineer with the scientist. This is under­
standable, since many engineers can and do make the transition by virtue of 
their scientific backgrounds and aptitudes. 

I agree that the mentioned value program is imperative, but not for convincing 
the practicing engineer that "cost is just as important as function. " The good old 
American spirit of competi tion has been and is doing just that since 1776. Let's 
convince him to be more aggressive towards th is end, now more significant than 
ever, as evidenced by DOD specs. 

WILLIAM PLEXNIES 
Jamaica, New York 

mW, NOT MW 

r have just made some giant step through your issue of Sept. 13, and have been 
shocked to read on p 65 that there should exist a shift register which requires 
"Only 17 MW Per Bit" .... 

We know here in Europe tha t in your country there has been for a long time 
some struggle how to write correctly the different multiples of decimal multi­
pliers .... 

Baar, Zug 
Switzerland 

• Leider pfuscht. Or, we goofed. 

CAPACITANCE CHARGERS 

0 SKAR STURZINGER 

In my article, Capacitance Chargers for Space Employ Controlled Rectifiers 
(p 32, Oct. 11 ) , there are these errors: 

The last sentence of p 32 should read: "For an SCR charger, the actual 
current waveshape obtained is shown in Fig. 3." 

Line 6 of p 33 should read: " ... may be calculated to be 0.38 that of the 
ideal charger. 

The caption for Fig. 2 should read: "HALF-SINE waveform Al has an average 
value that equals A2 . .. SCR firing angle varies in proportion to the voltage 
on the charged capacitance . ... " 

The F ig. 3 caption should read: "SCR charger waveforms, voltage, top, and 
current, bottom (A); complete duty cycle ( B)-Fig. 3" 

Republic Aviation Corporation 
Farmingdale, New York 

FELIX ELLERN 
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PORCELAIN CAPACITORS 
Here's a rugged, upright capacitor that 
leaves room for other components on your 
transistor circuit board and provides the 
exceptional reliability for which "Vitramon" 
solid state porcelain capacitors are famous. 

POST LIFE PERFORMANCE DATA 
(10,000 hours at 125°C and 150% rated voltage) 
Dissipation Factor, .00203; 
Insulation Resistance, 1010; 
Capacitance Drift, typically 0.1 mmf. 

Available in ¥alues from 10 to 1000 mmf, 50 vdc. 

Bridgeport 1, Connecticut 
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ministore 
ALL COMPONENTS 
LABELLED --~ 

COINCIDENT 
CURRENT 
FERRITE CORE --­
STACK 

DELIVERABLE TO 
MEET MIL-Q-9858C 

~ 411 
Jv1inistore IT 8 

MODULAR 
- CIRCUIT 

BOARDS 

PRECISE 
--- TRANSISTOR 

D.C. REGULATION 

3112" HIGH 
STANDARD 
RACK MOUNTING 

A COMPLETE MAGNETIC CORE MEMORY 

PRICES 
START 
FROM 

Here is a complete random access, ferrite core memory with an outstanding specification-price. Compact, 

modular and miniaturized, Ministore is completely Value Engineered from its unique circuit design to its 

superior packaging technique. And its price tag is less than half that of other memories. Available in a 

number of word lengths and addresses and a range of prices from $1000 to $5000, Ministore opens up 

a new area of application for random access storage techniques. For com p!ete details or a demonstration, 

contact Rese Engineering, A and Courtland Streets, Philadelphia, Penna., 19120. Ph. (215) GL 5-9000. 

. . . 
rese eng1neer1ng, inc. 
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A fighting non-com meets the test 
Sperry Utah uses A-MP* Patchcord Pro­
gramming Systems to test Army's superson­
ic ballistic missile- the Sergeant. Giving the 
Sergeant system "before-combat physicals" is 
the job of Sperry Utah developed Sergeant Manual 
Test Station (SMTS). 

Currently used in more than 60 individual test 
programs in Sperry's Sergeant manufacturing 
process; SMTS could easily be adapted to perform 
100 or 1,000 programs. 

Key to SMTS's flexibility is A-MP Patchcord Pro­
gramming System which makes possible produc­
tion line, 4th echelon, depot, or other high-speed, 
sub-assembly level testing. 

Some significant features of A-MP Patchcord Pro­
gramming Systems: 

• Double wiping action in contact design assures 
maximum conductivity at all times-even in the 

electronics November 1, 1963 

microvolt region of operation. 

• Semi-permanent or permanent twin detent 
patchcords. 

• Pre-insulated crimped contacts. 

• Precise silk screening for multi-color circuit 
identification. 

• Complete assortment of program system sizes 
in both universal and shielded types. 

Get the full story on A-MP Patchcord Programming 
Systems. Send for complete details today. 

*Trademark of AMP INCORPORATED. 

r----------------T-----1 
: Al\llP I -1P I 
I I , t~ I 
I I N C 0 R P 0 R AT E D I -ft~ I I Harrisburg, Pennsylvania I I 
~----------------------~ 
AMP products and engineering assistance are available through subsidiary companies in: Australia 
• Canada • England • France • Holland • Italy • Japan • Mexico • West Germany 
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HELMET-ATIACHED receiver and 
hand-carried transmitter are ex· 
pected to improve combat control 

Army May Buy Radios for 

Now being tested are 

15-ounce transmitters 

and 9-ounce receivers 

WASHINGTON, D. C.-In its hunt 
for radio sets small enough to be 
used by every private in a combat 
patrol, Army has now come up with 
a 9-ounce receiver and a 15-ounce 
transmitter. Army's hope is that 
squad members will be able to com­
municate without the shouting or 
hand-waving that now exposes them 
to enemy detection. 

The new radio set was shown at 
the annual meeting of the Associa-

Every Front-Line Soldier 
tion of the U. S. Army, held here 
last week. Other equipment un­
veiled included an electronic hit­
kill indicator for firing weapons at 
live · targets, the first engineering 
mockup of the Lance missile sys­
tem, and a new battlefield surveil­
lance drone. 

Miniature Radio--The new squad 
radios are compatible with other 
f-m radios used by Army in forward 
areas, so they can be used for tac­
tical as well as intra-squad commu­
nications. A soldier clips the re­
ceiver to his helmet and listens to 
a small built-in speaker, or puts the 
set in his pocket and uses an ear­
piece. The transmitter is hand-car-

ried or is clipped to the soldier's 
pack harness. Antennas are a 12-
inch flexible tape, for receiving, and 
a telescoping, 24-inch whip for 
transmitting. 

The band in which they operate, 
4 7 to 57 Mc, has 100 channels. The 
receiver (AN/ PRR-9) can be preset 
to a single channel, the transmitter 
(AN/ PRT-2) to 2 channels. Both 
units are crystal controlled. Trans­
mitter range is 500 yards in a low­
power (70 mw) channel and 1 mile 
in a high-power (350 mw) channel. 
The sets operate for 24 hours before 
batteries are changed. 

Bad Medicine for Semiconductors 

Receiver circuits (r-f amplifiers, 
a double-conversion i-f amplifier, 
audio and squelch circuits) use 14 
transistors and 8 diodes, mounted 
on printed-circuit boards. The trans­
mitter uses 13 transistors and 2 
diodes in its voltage regulator, audio 
amplifier, crystal-stabilized modula­
tor, crystal oscillator, mixer circuits 
and r-f amplifiers. Receiver sensi­
tivity is 0.5 mv for a 10-db s/ n 
ratio. 

Without shielding in 

space, solar flares would 

sap 70 percent of gain 

BALTIMORE-Unshielded 50-Mc 
npn silicon transistors and 10-Mc 
pnp germanium transistors would 
suffer a reduction of 70 percent in 
common emitter current gain when 
subjected to class 3+ solar flares 
if used in LEM during an Apollo 
mission to the moon. 

Lower-frequency transistor types 
would suffer even greater degrada­
tion. Resistors and capacitors, on 

• the other hand, will remain unaf­
fected even by 10 times the radia­
tion experienced during a solar flare. 

10 

These estimates were given by RCA 
last week at the East Coast Con­
ference on Aerospace and Naviga­
tional Electronics. 

Ionization Effects-Speaking on the 
effects of radiation on electronic 
components for LEM (lunar ex­
cursion module), D. A. Gandolfo 
and J. J. Stekert, of RCA Applied 
Research, indicated that in-can 
ionization dose from a solar flare 
is 1.17 X 105 rads and that the 
resulting surface effects would be 
shown by an increase in reverse 
leakage current. Depending on the 
magnitude of the bias, this current 
could increase by factors of from 
5 to 104 • A 1-gm/ cm2 aluminum 
shield would reduce the damage by 
a factor of 4 in silicon and 5 in 
germanium transistors. 

The sets were designed at 
USAERDL, Fort Monmouth. Delco 
Radio aided in development and is 
building the sets that will be used 
for field tests. 

Hit-Kill Indicator - Trainees at 
Army's Combat Developments Ex­
perimentation Center are "destroy­
ing" tanks and other live targets 
with a device that uses infrared flash 
pulses and a photo-electric telescope 
to hit and record the results . The 
paper "ammunition" is a data card 
fed into the control unit on the fir­
ing weapon to instruct it to lock 
and fire on a target which sends 
back the same identifying ir pulse. 
The device, developed by Aircraft 
Armaments, completes a fire mis-
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sion in Jess than a half second, can 
be used for weapons capable of 
4,000-meter ranges. Other versions 
are man-portable for simulated 
combat with the M-14 rifle. 

Radio data link is used to interro­
gate all targets. Signal is pulsed f-m 
at 219.3 Mc. Ir receiver in electro­
optical data link operates from 0.75 
to 1.9 microns. Ir beacon uses 
pulsed xenon filtered light with 
50-kw peak power, and a 2-micro­
second rise time. 

Lance Missile-Full-scale engineer­
ing mock-up of Army's supersonic, 
surface-to-surface ballistic missile, 
Lance, was displayed for the first 
time. Designed to replace Lacrosse, 
Honest John and possibly Little 

KILLING END of the hit·kilI indicator 
is a photoelectric telescope in the 
tank's barrel 

John, the missile is still under de­
velopment. Production decision will 
be withheld pending demonstration 
of its predicted performance. 

Lance will use a simplified iner­
tial guidance and control concept, 
described as a low-cost, rugged 
package conceived and developed by 
Army Missile Command, Hunts­
ville, Ala. Prime contractor for the 
entire system is Ling-Temco­
Vought. 

New Drone - Northrop's Ventura 
div. unveiled a new battlefield sur­
veillance drone, the NV- I 04, said 
to double performance and payload 
of current equipment while offering 
major cost savings. Measuring 15 
feet in length with an 11-foot wing­
span, the NV-104 is controlled by 
ground-based radio and can carry 
cameras and other sensory equip­
ment. 
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Can L-F Communications 

Beat Nuclear Blackout? 
Air Force built that 

tall tower at Barstow 

to investigate the idea 

By HAROLD HOOD 
Regional Editor, Los Angeles 

LOS ANGELES-Test phase has 
recently been completed on a sur­
vivable communications system pro­
totype employing one of the world's 
tallest structures-a 1,210-foot ver­
tical low-frequency transmitting an­
tenna (cover photo). 

The program, aimed at determin­
ing the effectiveness of long-dis­
tance, 1-f communications in the 
presence of nuclear activity, was un­
der the direction of the Electronic 
Systems Division, U. S. Air Force 
Systems Command, and carried out 
by Space-General Corp (an Aero­
jet-General subsidiary). 

One of three originally planned 
for the Southern California area, the 
top-loaded, base-insulated monopole 
is located in the Lucerne Valley 30 
miles east of Edwards Air Force 
Base. An Air Force spokesman told 
ELECTRONICS that plans for addi­
tional towers have not yet been 
formulated , and that results of the 
test program cannot be revealed at 
this time. 

It has been reported, however, 
that engineers have succeeded in 
sending data in excess of 1,200 
miles, and it is believed that twice 
this distance could be achieved with 
existing equipment. 

Beating the Blackout-Air Force, 
planners believe that, in case of nu-"· 
clear attack, 1-f global communica­
tions systems would be less vul­
nerable to such nuclear-caused 
phenomena as radio blackout and 
change in ionosphere height. Hav­
ing long-range capabilities, such 
systems also maintain reasonably 
good phase stability and remain 
relatively unaffected by normal at­
mospheric changes such as those 

occurring at daybreak and nightfall. 
One way to combat the possibil­

ity of the Air Forces' conventional 
communications being knocked out, 
they reason, is to erect multiple 1-f 
antennas at strategic locations across 
the nation. Communications be­
tween the antenna site and nearby 
air bases, for example, would be 
by "conventional means." If one or 
two were knocked out, the surviving 
antennas could carry on the job. 

Tower Design - The prototype 
tower, built by Dressor-Ideco, Inc. , 
is triangular in cross-section and 
approximately 7 feet on a side. 
Three sets of three guy wires sup­
port the structure and the tip­
mounted "umbrella" is formed by 
six guy wires. Radial elements are 
imbedded slightly beneath the 
ground surface for the purpose of 
testing propagation characteristics 
of buried antenna systems. 

A square Copperweld ground 
mat, roughly 200 feet on a side, 
lies on the desert surface at the base 
of the antenna. Trailer-enclosed 
electronic gear, operated by a four­
man Air Force crew, is located 
nearby. The antenna structure is 
said to be capable of withstanding 
winds up to 160 miles per hour. 

l 
I 

ANTENNA is almost as tall as Em· 
pire State Building 
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This Relay Obeys A 50-mw Signal ... Even at 30 g's 
The Sigma Series 32 contacts don't chat­
ter during vibration of 30 g's to 5,000 
cycles, or shock of 100 g's. The unique 
cross-leaf contact structure and mag­
netic circuit with horizontal coil also re­
sult in the 32's ability to switch reliably 
up to 2 amps, with an input signal as 
small as 50-mw-pulsed, sustained· or 
gradually changing. 

The Series 32 is a polarized, subminia­
ture DC magnetic latching relay. Its con-

tacts are held magnetically in the position 
last energized-without continuous coil 
signal. 

The relay is rugged, compact and oper­
ates at temperature extremes of -65°C 
to +125°C. So reliable, the Series 32 
helps shoot missiles, orbit satellites-and 
keeps computers and office equipment 
humming. 
To help you take advantage of the out­
standing capabilities of this relay, we'd 

like to send you our Design Bulletin 
describing nearly 1,000 standard varia­
tions of the Series 32. Write to Depart­
ment #32 ... or ask our application 
engineers to help you select the right 
switching control for your particular 
need . 

You can choose from more than 100,000 
different standard Sigma relays - both 
latchi.ng and non-latching, electromag­
netic and solid state. 

SIG~ DIVISION<--. SIGM.6. INSTRUMENTS INC 

12 

~ Assured Reliability With Advanced Design/Braintree 85, Mass. 

Is your circuit power limited? 
Magnetic latching relays can conserve J_ 
power when used in a circuit like 
this. For example, th e Sigma Series 32 v 
requires only 950 micro-joules with a 
matching RC co nstant of 450 micro­
seconds. Single pulse operation of 
relays is covered mo re completely in 
Sigma technical paper APN 2.3. Write 
Department 196 for a copy. 
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An open and shut case 
for tight-spec overcurrent protection 

You can't find another overcurrent-protec· 
tion device that quite equals the Heine· 
mann circuit breaker in adaptability to 
close-tolerance protective functions. 

With Heinemann you can match the 
breaker to every important characteristic 
of your application because you can write 
the specs for every major parameter of 
breaker performance. 

Take current rating, for example. By 
altering the number of ampere turns in the 
breaker's sensing coil, we can make the 
precise integral or fractional current rating 
you specify. Anything from 0.010 to 200 
amps. Even unusual ratings like 4.67 or 
83.75 amps are no problem. (Some of our 
customers regularly spec current ratings 
out to three decimal places.) 

Application load characteristics can be 
matched just as precisely with a hydraulic· 
ally-controlled time-delay response. This 
prevents nuisance tripping by allowing for 
starting inrush and transient overloads. 

Every breaker model is available in a choice 
of several different response times. Or 
with instantaneous-trip action. 

Also optional are a variety of special in· 
ternal circuits which permit the breaker to 

perform additional protective and control 
functions. (Series-trip, relay-trip, and 
shunt-trip to name the more popular. There 
are others.) You can spec these internal 
circuits in any combination on multi-pole 
breakers, too. The possibilities are virtually 
unlimited. 

About the only parameter not open to 
specification is hydraulic-magnetic actua· 
tion. Every Heinemann breaker has it. It 
assures you that the specified current rat· 
ing and trip points will not vary under any 
ambient temperature within the breaker's 
overall operating range. 

Other than that, you're welcome to adapt 
any breaker in the Heinemann line to suit 
your own needs. We have a wide range of 
models from subminiature size on up 
(eight distinctively different series in all). 
Our Engineering Guide will give you de· 
tailed technical information, and may even 
suggest some new circuit design possibili· 
ties. Just ask for Bulletin 202. 

HEINEMANN ELECTRIC COMPANY + 2 6 0 0 BRUNSWICK PIKE, TRENTON 2, N. J. 
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Microcomputer Comes Off 

Minuteman computer is 

completed as supply 

of microcircuits rise 

LOS ANGELES-Last week, com­
pletion of the first of the microelec­
tronic computers for the Improved 
Minuteman ICBM (ELECTRONICS, 

p 26, Feb. 15) was announced by 
the Autonetics division of North 
American Aviation. In fact, said 
Autonetics, the computer is the first 
production-designed microelectronic 
computer built for the Air Force. 

The program, begun two years 
ago, is considered a pioneering ef­
fort in the use of microelectronics 
on a large scale-and in their pro­
duction and packaging. 

According to Al Grant, who 
memory storage is a magnetic disk. 

NEW COMPUTER is small in com· 
parison with the 017 computer (on 
carriers in top photo) now used in 
Minuteman's guidance system 

NEREM: NEW SESSION BUT NO SEMINARS YET 

BOSTON-For the first time in its history, NEREM will offer a 
post-deadline session, to permit late reports on Tyco Labs silicon­
carbide, room-temperature laser (Electronics, P 17, Sept. 6) 
and MIT's microwave measurements during the solar eclipse in 
July (p 37, July 26). The special session will be at 1:30 p.m. next 
Tuesday in the Hotel Somerset. 

The program for the 17th Northeast Electronics Research and 
Engineering Meeting next week will be heavily flavored with in­
vited review-type papers on frontier research. 

One invitation declined was an offer from NEREM to the Elec­
tronic Industries Association. EIA is sponsoring a conference on 
microwave component needs Sunday at the Sheraton-Plaza Hotel. 
NEREM invited EIA to hold the conference Monday morning, before 
the regular NEREM program. 

The EIA conference is the nearest thing to a "rump" session 
that has come to the attention of the NEREM committee. They 
discussed, but did not act on permitting company-sponsored 
seminars, such as those presented this week at the National 
Electronics Conference in Chicago (p 26, Oct. 25). 

Like WESCON, NEREM is just "watching" such seminars (p 29, 
Aug. 9). But one NEREM committee member says: "We'll prob­
ably go hunting for outside sessions by 1965. If there is sub­
stantial interest in them, this would indicate the outside sessions 
ought to be inside." 

He says a rump session is a "natural" for an aggressive sales 
department, especially since many people who attend NEREM 
"are floored by the high-level technical sessions. They come to 
see the exhibits and would also be happy to attend more appli­
cations-oriented seminars" 

heads Autonetics' data systems divi­
sion, the average number of inte­
grated circuits received each week 
in July was 305. This was increased 
to 611 in August and during Sep­
tember to 1,449 a week. To stay 
on schedule for Minuteman B, the 
suppliers will have to pump 4,375 
circuits a week into Autonetics pro­
duction lines by December. As of 
last week, 12,837 integrated circuits 
had been received for engineering 
purposes and 6, 106 for production 
purposes. 

A big problem at present is low 
yields. Integrated-circuit yields, con­
sidering all process steps, are re­
ported to be less than 1 percent. 
The main problems are leaking case 
seals, unsatisfactory bonding, and 
the like. Autonetics stressed the reli­
ability requirements for the com­
puters. Because the Minuteman 
sites are spread so far apart, repairs 
must be kept to a minimum to avoid 
severe logistic problems. 

Computer Functions-Initial work­
ing engineering models of the D37B 
computer are being integrated into 
Minuteman's new N-17 inertial 
guidance. The D37B is a general­
purpose, digital data processor. 

Before flight, the computer de­
codes and performs tasks assigned 
by ground equipment. It controls 
inertial platform alignment and 
checks out the guidance and con­
trol system. It controls the terminal 
countdown and transmits the 
launching signal. 

During flight, the computer ac­
cepts angular attitude and rate atti­
tude information from the inertial 
guidance platform, determining po­
sition in relation to launch point and 
programmed target. Output com­
mands to flight control units keep 
the missile on true ballistic tra­
jectory. 

During test flights, the computer 
also makes available to the instru­
mentation package synchronized 
signals and numerical data to be 
telemetered to ground stations. 

Computer Operation - Internal 
memory storage is a magnetic disk. 
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the Line 

Logical mechanization of the com­
puter uses the NANO gating struc­
ture. 

The D37B operates under the 
control of an internally stored pro­
gram entered from tape, control 
equipment keyboard, or similar in­
put devices. The computer can 
search and/ or read the next instruc­
tion while executing the current in­
struction. 

The disk memory is driven by a 
synchronous motor and is supported 
on both sides by air bearings. The 
memory contains dual headplates, 
one on each side, of the rotating 
magnetic disk. The disk rotates syn­
chronously with the 3-phase, 400-
cycle memory motor power supply 
at a nominal 6,000-rpm speed. 
Total working capacity is 6,966 
24-bit words. 

The number system used for in­
ternal computations is natural binary 
with the 2's representing negative 
numbers . A word may have one of 
several formats depending on its use 
as an instruction, a full or split 
number. 

Hermetic Packaging-The computer 
is packaged in a hermetically sealed 
aluminum chassis with an installa­
tion envelope measuring 20t X 1 Ot 
X 5t inches. It weighs 36t lbs, 
not including the coolant. It is con­
duction-cooled by a liquid-cooled 
chassis. The computer is divided 
into three sections : memory, logic 
and input/output, and power sup­
plies. 

The memory includes five circuit 
modules, and a master interconnect 
board. Each module has 10 layers 
of etched circuitry; outside layers 
provide for bonding of heat dissi­
pators and integrated circuits, pin 
connections to the master intercon­
nect board, and a 160-pin test con­
nector. 

The master interconnect board 
has 11 layers of etched circuits. It 
provides interconnections between 
the memory, circuit modules and 
logic section. The logic, input-out­
put section has 15 modules and 
contains another master interconnect 
board. 
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"THIS BETTER BE GOOD!" .••• 

... I wouldn't have taken the time, if Standards hadn't sent you. As I under­
stand it, you sold them an oscillator, which they think can help me! Did they 
fill you in? 

Yes - they tell me the final test on your new line of amplifiers seems to be 
chewing up a lot more time than you'd like. 

Time? Please! Every time the brass walks through here and sees those unshipped 
instruments, I get visions of my merit file being stuffed with nasty little notes! 
Big problem's been in checking for frequency response and harmonic distor­
tion. Just too bloody Jong on each instrument! 

Take the tests one at a time. Frequency response. Been feeding preset ampli­
titdes at frequency steps, reading amplifier output and comparing? Have to go 
back to the signal source each time to check and reset its output amplitude at 
every frequency? 

Sure! Otherwise, I've got oscillator amplitude error in my gain figure. 

OK. You don't have to. The frequency response of the Krohn-Hite 446 oscil­
lator is within 0.01 db up to 20 kc, within 0.05 db all the way from JO cps to 
JOO kc. And short-term amplitude stability of 0.01 % ! So, forget about resetting 
voltage every time you change frequency. 

Beautiful! Eliminating rechecking the source and re-setting will really speed 
things up. 

Now - what are you doing to the input signal when you measure harmonic 
distortion of the amplifier? Have to purify the oscillator output? 

Naturally! 

Not at all ... use the 446 as your source and forget about harmonic distortion 
- it's less than 0.02% from 400 cps to 5 kc, and only 0.2% at 20 cps and 20 
kc. Another thing - the 446 is available fully programmable for automatic 
check-out - including self-checking, "enable" and "completed" circuits. 

Brother - you've just saved me 8 hours an instrument! I'm going upstairs 
right now and pinch a 446. We can ship some amplifiers tonight! 

Hold it! They're right in the middle of DVM calibrations with their 446's. 
But I'll /et you buy your own from me. 

Dammit, progress always costs! 

KROHN-HITE 
CORPORATION 
580 Massachusetts Avenue, Cambridge 39, Mass. 

Area Code 617 491-3211 

Pion eering in Quality Electronic Instrum ents 
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How Potter & Brumfield precision-cleans 
missile relays for top reliability! 

CIRCLE 16 ON READER SERVICE CARD 

PROBLEM: How to reduce an unacceptably high 
reject rate on critical "crystal-case" electrical re· 
lays (first photo) at Potter & Brumfield, Divi· 
sion of American Machine & Foundry Com· 
pany ... eliminate employee problems of head .. 
aches and nausea due to solvent vapors. 
SOLUTION: A new cleaning system using "Freon', 
fluorinated solvents. "Freon" is an excellent 
selective cleaning agent. It removes solder flux, 
dust, lint and other contaminants, yet doesn't 
harm delicate relay parts. Also, "Freon" is vir· 
tually non-toxic, thus eliminating complaints 
about vapors. 

In the cleaning process, a basket of relays is 
first given a 15-second ultrasonic bath in "Freon" 
TMC, then an ultrasonic bath in "Freon" TF 
for 15 seconds (second photo), and a 15-second 
rinse in TF vapor. Because of its low surface 
tension, "Freon" quickly penetrates the tiny 
spaces in the relays, allowing precision cleaning 
of delicate parts. 

As a final cleaning step, the relay contacts 
are washed in a spray of "Freon" TF, while 
being electrically actuated (third photo). This as­
sures that no particles are entrapped between 
the contacts. Only the high dielectric strength 
of "Freon" makes this operation possible. 

According to Potter & Brumfield, the adop­
tion of "Freon" solvent cleaning has upgraded 
product quality, meeting their critically high 
standards, equivalent to a 173 increase in pro­
duction capacity while at the same time de­
creasinglabor costs. They point out that "Freon" 
dries quickly and leaves no residue, and that 
its non-flammability and low toxicity let them 
operate without expensive ventilating equipment. 
They've found "Freon" solvents economical to 
use because they can be recovered in simple 
equipment for reuse ... over and over again. Most 
important, "Freon" solvents have eliminated 
employee complaints on nausea and headaches . 

• • • • 
We'll be glad to give you help in selecting 
"Freon" solvents for use in your own cleaning 
operation. Just write on your letterhead to 
Du Pont,2420E-11Nemours Bldg., Wilmington 
98, Delaware. 

FREON®~ 
solvents •••. , .... ,.,.Off; 

BETTER THINGS FOR BETTER LIVING , , , THROUGH CHEMISTRY 
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----------electronics NEWSLETTER---

Implanted Radio Aids Paraplegics 
SAN FRANCisco--An implanted ra­
diophysiologic stimulator that con­
trols bladder evacuation was re­
ported yesterday at a meeting of the 
American College of Surgeons. Doc­
tors say the device might extend the 
lives of the estimated 200,000 para­
plegics in the country. More than 
half the deaths of paraplegics are 
now attributed to complications in­
volving the urinary tract. 

The wrist-watch-shaped radio re­
ceiver weighs 4 ounces and requires 
no internal power source. It is 
placed within a subcutaneous pocket 
on the left side of the abdomen. 
Two stainless steel electrodes lead to 
the detrusor muscle of the bladder. 

A small transmitter, powered by 
four transistor-radio batteries, is 
held by the subject near the receiver. 
When activated, it transmits pulses 
of predetermined duration, fre­
quency and amplitude causing blad­
der contraction and urine expulsion. 
No wires pass through the body, 
avoiding the serious risks of abdomi­
nal infection. 

The device was developed at 
Avco-Everett Research Laboratory 
in Everett, Mass., and Maimonides 
Hospital in Brooklyn. It was de­
signed by Gurdon R. Abell of Avco. 
The work at Maimonides is headed 
by Dr. Adrian Kantrowitz and Dr. 
Martin Schaumann. Director of the 
Avco Lab is Arthur Kantrowitz, 
Adrian's brother. 

Lightweight IR Detector 

Described in Detail 

CIDCAGO-Details of Martin's light­
weight, long-wavelength ( 8 to 13-
micron) infrared detector were 
given this week at the National 
Electronic Conference by Donald L. 
Fresh. He said the detector does 
not rely on heating effects. Instead, 
it counts impinging photons-ab­
sorbed photons produce detectable 
free-charge carriers. The device is 
2 X 2 X 5 mm and uses a mercury-

elec:tranlca November 1, 1963 

Syncom Time Delay Tolerable 
NEW YORK-Time delay in two-way voice transmission­
considered one of the major drawbacks of synchronous com­
munications satellites-is not as disconcerting as NASA engi­
neers originally feared. 

On Tuesday, one of our editors interviewed Russ Burke, 
NASA's Syncom project director via the Syncom II satellite. 
The telephone conversation was relayed by regular telephone 
ground line from Washington to Goddard Space Flight Center 
in Greenbelt, Md., to Syncom II in orbit 22,300 miles above 
Brazil, from Syncom II to Lakehurst, N. J.,. and from Lake­
hurst by ground line back to Goddard then on to New York. 

Total transmission distance was approximately 50,000 
ii Iniles. One-way time delay during the conversation was . 

I estimated at 0.3 second. This caused a slightly unnatural ~-'' 
effect, but did not materially impede the conversation I 

l!fr.·M··M··\fa,¥·@tiiiif:ill>~~1JW'"f.~"""\"'4~S'~::~:m--m.,-.;->:pr:-,mf:"~"ii~1il'~~~ 
doped germanium crystal cooled to 
30 deg K by a North American 
Philips cryogenic refrigerator. It has 
been flight-tested in an HRH-Singer 
infrared mapping system. 

Arecibo Completed 

ARECIBO Ionospheric Observatory­
world's most powerful research in· 
strument for radio astronomy-was 
dedicated today in north central 
Puerto Rico. (For engineering de· 
tails, see p 20, Jan. 27, 1961; 'P 46, 
July 7, 1961; p 18, May 12, 1963) 

Camera Tube Has 100 

Times Vidicon Sensitivity 

CAMERA TUBE with a sensitivity ap­
proximately 100 times that of a 
vidicon was reported by G. W. 
Goetze and A. H. Boerio, of West­
inghouse Research Labs, at the 
IEEE Electron Devices Meeting in 
Washington this week. The tube is 
slated for use on NASA's OAO 
satallite, and is considered as simple 
as a vidicon. The storage target op­
erates on a principle called sec­
ondary electron conduction. This 
involves the efficient and lagless con­
version of high-energy electrons 
into a larger number of low-energy 
electrons by exciting a low-density 
insulating layer with key-range 
electrons. 

Tougher-to-Track ICBM 
Sought by Air Force 

WILMINGTON, MASS. - Under a 
$15!-million contract, Avco Corp.'s 
Research and Advanced Develop­
ment division will develop and 
flight-test a new ICBM reentry vehi­
cle that should have the lowest level 
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of radar observability yet achieved. 
The shape of the vehicle will prob­
ably be refined to make it more slen­
der and softer in surface configura­
tion than, for example, the Mark 11 
now at Cape Canaveral. New ma­
terials and coatings with low radar 
reflectivity will be used, neutralizing 
or minimizing the detectability of the 
vehicle's ionized wake. 

New England Firms Shying 

From Area Bidding Plan 

BOSTON-The regional move to set 
up a company to bid on major 
space contracts and then parcel out 
subcontracts to area firms (p 24, 
Nov. 2, 1962, and p 8, March 15, 
1963) has bogged down. Area offi­
cials say frankly that the plan be­
hind the nonprofit Bay State Science 
Foundation and its intended off­
spring, the profit-making Advanced 
Technology Inc., is not being well 
received by industry. 

The official word is that the pro­
posal is "now being reappraised by 
industrial executives" but the feeling 

is that the outcome will probably be 
a nonprofit study institution which 
will tackle work not appropriate for 
academic institutions. Between 40 
and 50 organizations have report­
edly contributed more than $750,-
000 to date, but Bay State trustees 
have not yet activated Advanced 
Technology Inc. Critics of the plan 
argue it would set up one more 
barrier between industry and gov­
ernment. It could also compete with 
industry, they claim. 

Japanese Sell Russia 

Digital Computer 

TOKYO-Russia has purchased J a­
pan's first export-aimed digital com­
puter-a $30,000 management­
control device with a 1,024-word 
memory suitable for medium-sized 
factories. Fujitsu Ltd. said negotia­
tions are in progress to sell Russia 
others. The stored-program ma­
chine, displayed at the recent Japan 
Scientific Instrument Exhibition in 
Moscow, includes a magnetic drum 
unit (capacity: 16,394 words), 

MEETINGS AHEAD ---

RADIO PALL MEETING, IEEE, BIA; Hotel 
Manger, Rochester, N. Y., Nov. 11-13. 

PALL .JOINT COMPUTER CONFERENCE, 
AFIPS, IEEE, ACM; Las Vegas Conven­
tion Center, Las Vegas, Nev., Nov. 
12-14. 

MAGNETISM-MAGNETIC MATERIALS AN• 
NUAL CONFERENCE, AIP, IEEE-PTGMTij 
Chalfonte-Haddon Hall, Atlantic City, 
N. J., Nov. 12-15. 

MEASURE TESTING-CONTROL AUTOMATION 
INTERNATIONAL EXHIBITION, MESUCORA; 
Palais de la Defense, Paris, France, 
Nov. 14-21. 

TECHNICAL WRITING WORKSHOP, Univer­
sity of California Extension Center; 
San Francisco, Calif., Nov. 18-19. 

DIGITAL COMPUTER EQUIPMENT USERS 
SOCIETY MEETING, DECUS, Lawrence 
Radiation Laboratory; Liven;nore, 
Calif., Nov. 18-19. 

ENGINEERING IN MEDICINE AND BIOLOGY 
ANNUAL CONFERENCE, IEEE, ISA; Lord 
Baltimore Hotel, Baltimore, Md., Noy, 
18-20. 

ULT!lASONICS ENGI?aEJUNG SYMPOSIUM, 
IEEE-PTGUE; Marriott Motor Hotel, 
Washington, D. C., Dec. 4-6.. 
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VEHICULAR COMMUNICATIONS NATIONAL 
CONFERENCE, IEEE-PTGVC; Adolphus 
Hotel, Dallas, Texas, Dec. 5-6. 

FALL URSI MEETING, IEEE Seattle Section, 
URSI, Boeing Scientific Research Lab­
oratories; University of Washington, 
Seattle, Wash., Dec. 9-12. 

FIRST MICROELECTRONICS CONFERENCE, 
BIA; Irvine Auditorium, University of 
Pennsylvania, Philadelphia, Penn., 
Dec. 10-11. 

NON-LINEAR PROCESSES IN THE ION• 

OSPHERE MEETING, NBS; Central Radio 
Propagation Laboratory, Boulder, 
Colo., Dec. 16-17. 

AMERICAN ASSOCIATION FOR THE ADVANCE· 
MENT OP SCIENCE MEETING, AA.AS; 
Cleveland, Ohio, Dec. 26-30, 

ADVANCE REPORT 
NATIONAL AEROBPACll ElLElCTRONICS CONFER· 
ENCi!, IllEl-PTGANm, AIAA; Davton, Ohio, 
Mav 11-18, 198•; Dec. 18 ia deadline for 
aubmitting in triplicate a 250 to 800 ·word 
abstract and short biographioal sketch to 
Mr. Yale Jacobs, NAEOON Papers Chair­
man, 1917 Burbank Drive, Davton, Ohio 
H•OB. Topica include devicea, techniques, 
equipment, and avatema of aeroapace­
aeronautical electronica, plua application 
ana m&nG,6•m•nt 11r•l>Z.ma. 

typewriter and tapepuncher at extra­
cost. 

Industrial Electronics 

Showing Gain in Sales 

cmcAGO-Sales of industrial elec­
tronics and communications equip­
ment should total $8! billion this 
year, a gain of 7 .6 per cent over 
last year, according to Joseph Mil­
ler, managing director of the Na­
tional Electrical Manufacturers 
Association. Electrical manufactur­
ing as a whole should top $26 bil­
lion, an increase of about 7 per 
cent, Miller told the annual NEMA 
meeting last week. Industrial prod­
ucts for conventional and automated 
machines will gain 5 .2 per cent in 
sales, for a total of $4,050,000,000, 
he said. Communications total in­
cludes military sales. 

U. S. Nuclear Satellite 

Overflew Moscow 

WASillNGTON-The nuclear-powered 
satellite launched from Vandenberg 
AFB Sept. 28 passed directly over 
Moscow during its initial pass with 
an "extremely high" probability of 
orbital success, informed sources 
disclosed to ELECTRONICS last week. 
The spacecraft was powered by a 
27-pound Snap-9A isotopic genera­
tor with a 25-watt d-c output and 
was launched with a Thor-Able-Star 
booster. Although the satellite's 
operating lifetime is five years, it is 
reportedly in the most perfect orbit 
ever achieved by a U. S. satellite 
and could stay aloft 900 years. 

Japan Debunks Reports 

On Color-Tv Production 

TOKYO-Industry sources here are 
denying published reports that J apa­
nese manufacturers are producing 
about 50,000 color tv sets a year. 
Total color tv production in Japan 
last year was 4,392 sets, worth 
about $2,130,750, and 1963 pro­
duction through August amounted 
to 2,464 sets, the government says. 
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Diode Lases at 5.2 Microns 
BOSTON--Solid-state group at MIT Lincoln Laboratory today 
reported laser action in indium antimonide. Output at 5.2 
microns pushes the semiconductor laser range to longer wave­
lengths, farther into the infrared region. 

Just one year ago, first disclosure was made of coherent 
radiation at 0.84 micron from gallium arsenide junctions by 
IBM, GE and Lincoln Lab. (p 7, Nov. 9, 1962). In May 
1963, Lincoln Lab announced InAs laser action at 3.1 
microns. Predicted and later verified was laser action at 
intermediate wavelengths-indium-gallium-arsenide diodes 
gave outputs of 1.77, 2.07 and 2.4 microns. InAs work also 
showed that output could be altered by magnetic fields for 
fine tuning. 

~-; 

~ 

I
~~ 

t.· 
ii~ 

·-~~ :~ 

~~ 
The indium antimonide, Lincoln Lab workers say, is ~ 

even more sensitive to magnetic fields. The diodes are fab- l~l 
ricated from tellurium-doped single crystal of InSb. Pre- ~: . 
dieted, but not yet verified, is that various types of indium ~--~ 
arsenide antimonide will give intermediate outputs between ~~ 
3.1 and 5.2 microns. ~j 

Meanwhile, others are moving toward shorter wavelengths. I 
GE, for example, has achieved laser action at 0. 71 micron I 
and at 0.64 with gallium phosphide arsenide m 

:::..:-: 
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Device Tightens Control 

Of Coherent Laser Beams 

INTERFEROMETRIC module that 
splits or attenuates coherent laser 
beams has been designed for the Air 
Force by Electro-Optical Systems 
Inc. It meets needs for controlling 
both visible and infrared radiation, 
the firm says, and gives laser beam­
phase shifting, power division and 
attenuation from one intederometric 
configuration without mechanical 
movement. The system includes two 
gas-cell phase shifters able to shift 
beam phases up to 360 degrees. The 
cells are located between mirror­
type beam splitters. To vary am­
plitude output ratio from 0 to -30 
db, cell gas pressure is varied. 

Computer Speeds Up 

Hot-Strip Steel Mill 

DETROIT-Daystrom's 136 digital 
computer is giving closer tolerances 
in strip size and temperature con­
trol at Great Lakes-Steel's auto-
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mated hot-strip mill. With it, steel­
makers can set up for a new order 
in 6 to 7 seconds, compared with 
two mini.tes manually, and roll out 
a full rated capacity of 3,000 feet 
per minute instead of the 2,400 fpm 
otherwise. 

Norden's Low-Light TV 

Helps Missile Tracking 

NORDEN has built a low light-level 
tv camera for tracking, automatically 
at night, missiles earthbound from 
space. The firm said its system will 
be mounted on board a converted 
Air Force KC-135 jet tanker to 
help aim other equipment in tests at 
the Pacific Missile Range. With the 
camera itself are a room lens and 
relay optical components, to per­
form automatic tracking, plus two 
transistorized tv monitors--one to 
record tracking on film, the other to 
permit operator viewing. Ground 
radar-computers first direct the cam­
era on target, then operators initiate 
automatic tracldni. 

·1N BRIEF 
WASHINGTON observers do not know 

how Apollo program will be af· 
fected in the long run by the So· 
viets' latest statement that they 
are not in the moon race. lmmedi· 
ate effect is to dash what little 
hopes NASA had to get a new bud· 
get substantially higher than the 
$5.1 billion already voted by the 
House (p 20, Oct. 18). 

OPTICS TECHNOLOGY, Inc. is experi· 
menting with gastroscopes made 
of flexible fiber-optics bundles for 
medical treatments deep within 
the body. 

STABISTORS, first used in rechargeable 
flashlights, could give Air Force 
space vehicles four times more 
battery capacity and cut charging 
periods in flight from 16 hours to 
one, according to Sonotone and 
P. E. Mallory. 

KEARFOTT'S two-axis non-floated gyro, 
first used in the Miniature Inertial 
Navigation System, will serve as 
an antenna referencing device in 
the Hughes Phoenix missile. The 
hand·size gyro packs three times 
more momentum than comparable 
gyros, the firm says. 

SANDIA CORP. has awarded Eitel-Mc· 
Cullough a $260,000 contract for 
the further development of a long­
life high-voltage battery powered 
by nuclear energy. The device 
gets its energy from the decom· 
position of Krypton 85. 

BOEING has fabricated cadmium-sul­
fide triodes with a two-month shelf 
life. The thin-film, field-effect de· 
vices have transconductances 
ranging from 100 to 5,000 µ.a per 
volt and voltage gains to 10. 

RAYTHEON'S new gas laser, operating 
at 3.51 microns, weighs less than 
10 pounds. Voice communications 
can be obtained by installing an 
optional modulator circuit in the 
same case. 

RCA has introduced the RCA 30 News­
com computer, designed for auto· 
matic typesetting operations at 
smaller newspapers. 

DAHLBERG is marketing a hearing aid 
weighing Ya·oz, with battery. 

DIEBOLD GROUP is beginning a two· 
year study of the growth prospects 
for the computer field. 

ELECTRONIC Specialty Co. has agreed 
to acquire Peerless Corp., subject 
to the approval of Peerless share· 
holden;. 
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Stimulants for 
R&D Sought as 
Defense- Space 
Work Wanes 

New Engineers 
Get Best Raises 
-Not the Boss 

Detection Tests 
Are Postponed 

Development of 
MMRBM Resumes 
20 

WASHINGTDl\I THIS WEEK 

Future of government-supported research and development depends in 
large measure on a dialogue now underway in Washington. 

The President and his science advisers are beginning to worry about the 
health of the nation's scientific and technological "establishment" as the glamor 
of military and space efforts wanes. Major atomic and space programs are 
facing stiffer criticism and budget cutting. Lesser programs designed to fill the 
pipeline for the future with trained manpower, science-based industrial produc­
tivity and new university sources of scientific excellence are also pinched. 

The point was made succinctly last week by Kennedy's top scientific adviser, 
Jerome B. Wiesner, in a congressional hearing: "We have reached a point of 
relative stability in that aspect of our technology-the development of weapons 
for military purpose-which has stimulated much of our scientific progress over 
the last 10 years." Wiesner's concern is economic as well as scientific. Leveling 
off the military effort-including R&D-in an expanding economy means a 
relatively smaller investment in science. In recent years, economists have come 
to regard this investment as a key factor for a growing economy. 

To fill the gap, Wiesner and his staff are devoting considerable effort to 
developing programs and priorities in oceanography, meteorology, life sciences, 
energy and natural resources research, pollution control, and the like. These, 
they are convinced, must be the future targets of science and technology. But 
a major hurdle lies in developing public-and thus congressional-support. 
This won't be easy in fields without the urgency that pushed space and military 
efforts. 

Salaries for engineers are rising faster for the BS graduate and for project 
leaders than for the engineer in charge of company engineering programs, 
Bureau of Labor Statistics' latest annual survey of salaries discloses. 

Average pay of the fledgling engineers is $7,056, a 5.2-percent increase since 
last year and experienced engineering supervisors average $12,540, a 5.6-
percent increase, but top engineering managers average $19,992, only a 2.1-
percent rise. 

The figures also show that government's starting salaries remain below private 
industry. On January 1, the starting range will become $4,690 to $6,130, com­
pared to the industry average of $7,056. But the middle-grade supervisor in 
government will be able to reach $12,620, a bit higher than the industry aver­
age. Top government engineers will be paid up to $19,270, almost industry 
average. 

Government program to develop methods of detecting small underground 
nuclear explosions has hit a snag. Under Project Dribble, three explosions 
scheduled for this summer have been postponed until April. ABC contractors 
have had trouble preparing emplacement holes at the Tatum salt dome near 
Hattiesburg, Miss. Pentagon's Advanced Research Projects Agency has lined 
up 100 U.S. seismic stations to monitor the 5-kiloton "Salmon," the series 
first, and largest, explosion. Forty stations are ARPA's portables; others belong 
to Coast and Geodetic Survey, oil companies and universities. 

Air Force has ordered its contractors to resume development of the Mobile 
Mid-Range Ballistic Missile. Work was cut back when the House of Repre­
sentatives reduced funds this summer, but now Defense Department has a 
$73.1-million appropriation for MMRBM. 
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Reliability of Mallory XT Tantalum Capacitors 
proved by 10,260,000 piece-hours of testing 
The original high temperature wet 
slug tantalum capacitor, the 
Mallory XT series has compiled a 
unique record of reliability in tests 
made in our own laboratories, by 
independent laboratories and by 
military equipment manufacturers. 
Here are typical results: 

In 10,260,000 piece-hours of 
testing* standard production 
capacitors, the mean time be­
tween failure is presently 960,000 
hours. 

Independent tests over a two 
year period show that Mallory 
XT capacitors have twice the an­
ticipated mean time to failure of 
other tantalum capacitors. 

Ten-year shelf life tests prove 
that even after extremely long 
storage, M allory XT capacitors 
meet original specification limits 
of d-c leakage. 

Seal tests by independent labora­
tories indicate that the leak rate 
of the glass-to-metal hermetic seal 
used in Mallory XT capacitors 

is 1 x 10-11 standard cc. These 
capacitors are being used in air­
borne military equipment where 
stringent specifications for seal 
reliability must be met. 

Type Temp. Range 

XTM -55 to + 175°C 

XTK -55 to + 175°C 

XTH -55 to +200°C 

XTL -55 to +200°C 

XTV -55 to + 200°c 

Time on Shelf Life-(Years no voltage) 
10-year shelf life test 

The XT line has been in continuous 
production by Mallory for nearly 
15 years ... for the past five years 
operating under the Signal Corps 
RIQAP plan. For each production 
lot, individual records of quality 
control test data are kept for a 
five-year period. 

The XT series includes 175°C and 
200°C ratings in many configura­
tions, including a broad range of 
MIL types and new radiation­
resistant models. For complete 
data and a consultation, write to 
Mallory Capacitor Company, 
Indianapolis 6, Indiana -a division 
of P.R. Mallory & Co. Inc. 
•Test conditions at rated voltage at 85°C and 175' C 

Capacity Range WVDC (85°C) 

4 14 mfd 340- 8V 

2 70 mfd 340- 8V 

7 240 mfd 630-18V 

3.5- 120 mfd 630-18V 
12 -2200 mfd 630-12V 

WET SLUG, FOIL AND SOLID TANTALUM CAPACITORS 
MAU.ORY 
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WHY 
MILITARY SYSTEMS DESIGNERS 
CHOOSE LAMBDA POWER SUPPLIES 

MIL SPEC DESIGNS 

VIBRATION: MIL-T-4807A 

HUMIDITY RESISTANCE 
FUNGUS RESISTANCE 

SALT SPRAY 
TEMPERATURE SHOCK 
MIL-E-5272C • (ASG) Procecjure 1 

SHOCK : MIL-E-4970A • Procedure 1 & 2 

ALTITUDE: MIL-E-4970A • (ASG) Procedure 1 

QUALITY: MIL-Q-9858 

MARKING : MIL-STD-130 

(Certified Test Data available upon request) 

MASS PRODUCTION PRICES 

DENSED DATA 
LE SERIES CON . FOR LINE AND LOAD)lll 

GE REGULATED p ' ce<2> 
DC OUTPUT (VOLTA R e Current Range $420 

Voltage ang A 
Model 0-36 VOC 0- 5 mp 525 
LElOl 

36 
voe 0-10 Amp 595 LE102 O- 0-15 Amp 

LE103 °-36 voe o-25 Amp 775 
0-36VOC 425 

LE104 
8 

voe o- s Amp 590 
LE105 ~~is voe 0-15 Amp 695 
LE106 

0
_
18 

voe 0-22 Amp 430 
LE107 

0
_ 

9 
voe 0-10 Amp 675 

LE109 
9 

voe 0-20 Amp 
LEllO O-

. Jies over entire vo1taAe range~ith ru ggedized MIL 
(l) Current ratrnl 8PP t ed models. For model~ dd $40 to th e non· 
<2> Prices are for ffl"'[:Af_~f to model numbt 8~ pa~el control add suffix 

meters add. SU x metered models and _ron 

ADVANCED 
ENGINEERING 

FEATURES 

• All solid state 

• Completely protected 

• Adjustable automatic current lim.iting 
• Continuously variable 

• Constant voltage/ constant current 

• Wide input frequency and voltage range 
• Convection cooled 

• Series/Parallel operation 

• Remotely programmable 
- resistance and voltage 

REGULATED VOLTAGE: 
Regulation than 05 per cent or 8 mill~volt~ 

(line and load) .. .. . . L( eshs' chev~r is greater). For indpfu 
w i 5 135 VAC an or 

variation.s f~om lfO • 0 to full load. 
load variations rom . 

t nt over entire . 50 ohms/volt cons a 
Remote Programming . .. . voltage range. 

. Less than 0.5 millivolt rms. 
Ripple and Noise . . . . . . . . 0 Ol5 o/c 1•c. 
Temperature Coefficient . . Less than . o 

135 VAC; 45-66 CPS and ~20-480 
AC INPUT: . .. · · · · · · · ~~S in two bands selected by switch. 

PHYSICAL DATA: Standard 19" rack mounting. 
Mounting ...... ... · i,1: "Hxl9"Wxl6" D 

LE 101, LE 105, LE 10~ !i:. " H x 19" W x 16" D 
Size .. ...... LE102, LE106,LE11 7"• Hxl9" Wxl61/2" D 

LE 103, LE 107 · · ·' ' ' ' lOl/z" H x 19" W x 16 1/2" D 
LE 104 · · • • · • · • ·' ''' 

metered price. F$o5r0 t the nonmetered price. 

"FM" and add 

0 

--~---~------~...--,.-----~------~----~--~--~~~~ 
SEND FOR COMPLETE LAMBDA CATALOG. 

LAMB DA ELECTRONICS CORP. 
515 BROAD HOLLOW ROAD • MELVILLE, L. I .• NEW YORK • 516 MYRTLE 4·4200 

LA·UO 
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HIGH-PULSE-POWER laser package (A), with window cut in ceramic spacer for the coherent output radiation; diode laser 
detail (8). Four mechanisms (C) for radioactive transitions: (1) conduction to valence band; (2) donor to valence band; 
(3) conduction band to acceptor; (4) donor to acceptor-Fig. 1 

RESEARCH IN 

NEW ENGLAND 
Technical sessions to be presented next week at NEREM will 

describe applications of semiconductor lasers, new laser materials, 

nonlinear optical phenomena, direct energy conversion, and 

microelectronics using packaged circuits, making microcircuits 

on silicon bars and by thin-film deposition 

By THOMAS MAGUIRE, Regional Editor, Boston 

ONE YEAR after announcements 
of semiconductor injection lasers, 
preliminary discussion of systems 
applications will be among high­
lights of the 17th Northeast Elec­
tronics Research and Engineering 
Meeting (NEREM), Nov. 4-6 in 
Boston at the Commonwealth 
Armory and the Hotel Somerset. 

Some preliminary successes with 
semiconductor laser radar have been 
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achieved at MIT Lincoln Labora­
tory, and these will be reported at 
NEREM. In conjunction with cloud 
height radar studies, a gallium ar­
senide laser beam was recently 
bounced off a chimney 600 yards 
away and successfully detected. The 
experiment was conducted at night, 
but work is proceeding on filtering 
techniques to permit daytime detec­
tion. 

In an invited paper at NEREM, 
the state of the art "one year after" 
will be surveyed by R . H. Rediker 
of Lincoln Laboratory, who points 
out that both spectral range of in­
jection laser action and output 
power have been increased signifi­
cantly.1 

A package developed by T. M. 
Quist at Lincoln Laboratory and 
designed for high pulse power is 
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MOCKUP of Gemini fuel cell built by GE (left); fuel cell section on test (right). Load control center behind operator sim· 
ulates spacecraft load demands-Fig. 2 

shown in Fig. 1 A. A modified ver­
sion of the microwave diode pack­
age developed in the 1 940's, it is 
suited for short-pulse work. The 
copper stud separated from the 
GaAs laser by a molybdenum disk 
has both the desired heat conduc­
tivity and heat capacity. In Fig. lB, 
the diode laser is shown in more 
detail and some fabrication steps in­
dicated. 

When the diode is operating as a 
laser, a plane of inverted population 
is produced by carrier injection for 
an estimated distance of ] 0- 4 cm 
from the junction. The flat and 
parallel short sides from which co­
herent radiation is emitted define an 
optical cavity. They need not be 
silvered, Rediker says, because the 
mismatch in dielectric constant at 
the GaAs-air interface is large 
enough to ensure at least 30 percent 
reflection at these surfaces. The 
junction area is typically 1 mm X 
0.25 mm. 

The cleaving technique which ex­
poses the (110) plane in III-V crys­
tals makes it possible to produce re­
flecting surfaces of the cavity that 
are both flat and parallel to within 
5 angstroms. Rediker points out 
that the high fabrication yield of re­
producible injection lasers is not sur­
prising since with cleaving, the crys­
tal structure guarantees perfect cavi­
ties and the diodes are operated at 
such high forward current densities 
that surface leakage is unimportant. 

Figure 1 C shows four possible 
mechanisms of the radiative transi­
tion both in injection lasers and in 
injection luminescence diodes. Also 
under investigation are the mech­
anisms for current transport across 
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the junction. In both cases it ap­
pears there is no unique mechanism 
for all injection lasers, but the mech­
anism depends on the semiconduc­
tor doping and the diode fabrication. 

Fuel Cell-Widespread commercial 
utilization of fuel cells or fuel bat­
teries is still several years away, but 
application for space-vehicle power 
generation is imminent, and this will 
be followed by military adaptation. 

A hydrogen-oxygen fuel battery 
system has been developed for Proj­
ect Gemini by the GE Direct En­
ergy Conversion Operation in Lynn, 
Mass. Engineering problems will be 
reported at NEREM. 2 

Figure 2 (left) is a mockup show­
ing cutaway cell and manifolding. 
In Fig. 2 (right), a unit is being 
tested prior to delivery . A GE fuel 
cell will be used on an unmanned 
space flight, probably this year, and 
is scheduled to be aboard the 
manned Gemini spacecraft when it 
is launched, hopefully in 1964. 

The fuel cell consists primarily of 
an anode, a cathode and an electro­
lyte. Electrochemical oxidation of 
the fuel takes place at the anode 
with release of electrons to the load 
circuit. After passing through the 
load, these electrons combine with 
oxygen at the cathode. The elec­
trical circuit is completed by either 
passage in the electrolyte of positive 
ions from anode to cathode, or pas­
sage of negative ions from cathode 
to anode. 

Development efforts presently re­
volve around two aspects of fuel cell 
operation: need for electrodes that 
are inert electronic conductors with 
a large surface area, and electrolytic 

systems in which the composition of 
the electrolyte does not change ap­
preciably during the period of op­
eration. This period ranges from 
days to years depending on the 
application. 

The most difficult problem by far 
in the design of fuel battery systems 
is adequate control of the heat and 
mass transfer processes. 

Paramp-Recent demonstrations of 
extremely low-noise parametric am­
plifiers at liquid helium temperature 
have generated a debate on relative 
desirability of the paramp or the 
traveling-wave maser for applica­
tions demanding receivers of highest 
sensitivity. 

Among centers of interest are 
MIT Lincoln Laboratory and Bell 
Telephone Laboratories. At Lin­
coln, a group headed by Carl Blake 
is developing parametric amplifiers 
for Project West Ford (p 12, July 
5) and for Haystack (p 49, Nov. 9, 
1962). And BTL is developing 
paramps for Telstar ground-station 
receivers. 

At the NEREM technical session 
on Microwave and Solid State, 
Michiyuki Uenohara of BTL will 
discuss the applicability of extremely 
low noise parametric amplifiers.3 

According to Uenohara, a broad­
band extremely-low-noise paramp 
with a sensitivity comparable to the 
maser's can be built. He adds that 
extreme care must be taken to 
achieve the ultimate sensitivity and 
stability, also that further develop­
ment of unilateral parametric am­
plifiers may facilitate solution of 
these problems. 

Figure 3A shows the theoretical 
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minimum excess noise temperatures 
at 3 levels and the experimental re­
sults of seven amplifiers ranging 
from 1 to 8 Ge. 

Uenohara pinpoints these advan­
tages of the parametric amplifier 
over the maser: (1) No intrinsic op­
erating temperature limitation. The 
same amplifier can be operated from 
room temperature down to liquid 
helium with a minor circuit adjust­
ment-and a cryogenic failure does 
not completely close the system op­
eration. (2) No intrinsic pump fre­
quency requirement. Only perform­
ance requirements restrict the de­
signer. (3) More than 10 percent 
bandwidth can be obtained with a 
fixed pump-frequency supply. ( 4) 
Dynamic range is about 20 db larger 
than that of the maser. 

Uenohara points out these disad­
vantages: (1) The gain stability and 
transmission characteristics are sus­
ceptible to pump-source and cir­
cuit-impedance fluctuations-so an 
extremely stable pump supply and 
a rugged, stable circuit construction 
are necessary. (2) For a one-port 
paramp, an extremely good circu­
lator, preferably operated at the 
same temperature as the amplifier, 
is needed. 

In addition, to achieve maximum 
sensitivity the diode must be care­
fully chosen so that its crystal does 
not have untolerable dislocations, 
and overpumping must be avoided 
to eliminate excess noise generation. 
Also, input and output circuits 
should be extremely well-matched to 
avoid noise contribution from a 
room temperature load. For the 
same reason, the idler circuit should 
be well-isolated from the pump in­
put circuit. 

TW Modulator - Traveling-wave 
coherent-light modulators construct­
ed of cubic crystals such as cuprous 
chloride or zinc sulfide have exhib­
ited bandwidths of about 10 Gc.4 

At NEREM 1962, C. J. Peters of 
Sylvania described a modulator of 
this type which had a bandwidth of 
1 Ge. The new modulator is only 
a few inches long, the reduction in 
length arising not because the cubic 
materials have a larger electro-optic 
coefficient, but because they have 
a larger index of refraction and a 
smaller dielectric coefficient than the 
materials such as ADP from which 
the first modulator was built. 
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increase in bandwidth can be at­
tributed both to the decrease in 
length resulting in a relaxation in 
the synchronism ;requirements be­
tween the light and modulation volt­
age velocity, and also to the more 
compatible dielecertc constant and 
index of refraction. 

The traveling wave modulator 
consists of a two-conductor trans­
mission line in which a portion of 
the dielectric is an electro-optic ma­
terial; that is, the velocity of light 
or index of refraction of the material 
can be varied in response to an ap­
plied electric field. Typical cross­
sections of such a transmission line 
are shown in Fig. 3. Varying 
the velocity of propagation of 
light as it traverses the crystal im­
poses a phase variation on the light. 
If the light and modulation travel 
in synchronism, appreciable modula­
tion depths can be achieved with 
modest power. A phase or fre­
quency modulator can be construct­
ed from materials such as ADP or 
KDP. From the cubic materials 
phase, frequency or amplitude mod­
ulators can be made. 

1,000 

Reduction in length results in an 
increase in modulator bandwidth. 
Ordinarily the modulator is designed 
so that at lower frequencies the 
velocity of the modulation on the 
composite transmission line is equal 
to the velocity of the light in the 
electro-optic material. This equiva­
lence of velocity is achieved by ap­
portioning the dielectric between the 
high dielectric constant electro-optic 
material and some lower dielectric 
material such as air. The velocity 
of the microwave signal on the 
transmission line is not independent 
of frequency, however, so that the 
equivalence in velocity between the 
signal and the light is destroyed as 
the signal frequency increases. It is 
this mismatch in velocity that deter­
mines the bandwidth of the modu­
lator. 

Phone Switching-In telephone and 
telegraph equipments, discrete tones 
below 3,000 cps are often used for 
signaling or information transmis­
sion. A unique circuit has been 
built to replace the heavy LC filters 
that have been used to achieve the 

800 x OVERALL NOISE TEMPERATURE, 300°K OPERATION 

THEORETICAL mini­
mum excess noise 
temperatures of par­
amps at 300, 77 and 
4 deg K, and experi­
mental results of 
seven amplifiers (A). 
Excess noise from 
the circulator and fol­
lowing st a t e s i s 
shown by dotted 
lines, excess noise 
temperature of diode 
and mount alone, by 
dots. Cross-section 
view of traveling-wave 
light modulators (8) 
-Fig. 3 
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desired selectivity at low frequencies. 
Using the properties of a synchro­
nous filter, the circuit will recognize 
the desired frequencies with an or­
der of magnitude in space and 
weight saving, and using compo­
nents readily adaptive to microelec­
tronic techniques.5 

The circuit depends upon the 
properties of a synchronous filter: 
a very narrow bandwidth whose 
width is independent of the center 
frequency of the pass band. Each 

+3v · 

s 

R 

s 

R 

(A) 

capacitor is connected to ground 
one-fourth of the time and left float­
ing for the rest. The output voltage 
at any given time will be the voltage 
across the capacitor that is grounded 
at that time. Only when its switch 
is closed can a capacitor lose or gain 
charge, or similarly, can the voltage 
on the capacitor change. 

The most difficult problem asso­
ciated with the design of the filter 
involves switching. In some early 
applications, like doppler sonar, 
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COMMUTATOR 
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CLOCK 

+3V 
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FLIP-FLOP and gate circuit (A) for opening and closing transistor switches; 
flip-flop (B) changes state when critical frequency is applied to filter-Fig. 4 
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mechanical switching was adequate, 
but electronic switching is required 
now that the emphasis is on minia­
turization and higher frequencies. 

A simple transistor proved to be 
an acceptable switch. Various cir­
cuits can supply the necessary pulses 
to open and close the transistor 
switches. One choice (Fig. 4A) 
contains both Fairchild Micrologic 
integrated circuits and conventional 
components. It may be driven by 
either a square-wave or sinewave 
.generator operating at twice the de­
sired commutation frequency. 

If the circuit of Fig. 4B is con­
nected to the synchrono_us filter, the 
flip-flop will remain in one state un­
til a critical frequency is applied to 
the filter input. Then a sufficiently 
high voltage will change the state of 
the flip-flop. This then is a semi­
permanent record that a particular 
frequency has been received. By 
paralleling the filters and flip-fl.ops, 
a group of incoming tones could 
identify the sender, the party to be 
called, or any other digital informa­
tion-a technique particularly ap­
plicable to automatic switchboards. 

Monolithic Amplifier-In construc­
tion of a practical high-frequency 
monolithic linear amplifier, two ap­
proaches were found to help alle­
viate some of the problems.6 First, 
the use of thin films instead of the 
diffusion process permits higher 
quality resistors and capacitors. Sec­
ondly, circuits designed specifically 
for monolithic fabrication reduce the 
performance demands on the more 
difficult components. 

Thin-film resistors using nichrome 
were found to have a low parasitic 
capacitance, and to be capable of 
tight tolerance control. Thus they 
are much suited to high-frequency 
linear amplifier design. Nichrome 
resistors are fabricated in compat­
ible integrated circuits by depositing 
a thin film of nichrome on top of the 
silioon dioxide that is thermally 
grown on the Si substrate. The 
thick thermal oxide Jowers the para­
sitic capacitance by increasing the 
thickness of the dielectric and by 
lowering the dielecertc constant. The 
dielectric constant of silicon dioxide 
is approximately 1 /3 that of Si. 

Use of thin films has also been 
found to be the solution to fabrica­
tion of capacitors. Success has been 
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achieved by using an emitter diffu­
sion at the bottom electrode. A thin 
layer of oxide is then grown for use 
as the dielectric. Aluminum metal­
ization forms the top electrode and 
completes the fabrication. 

An r-f amplifier using an emitter 
coupled configuration was chosen 
for monolithic fabrication using 
compatible thin-film techniques 
(Fig. 5). This stage is used as the 
r-f amplifier of a 120-Mc trans­
ceiver. The noise figure is relatively 
low, the input impedance relatively 
high; and the reverse feedback pa­
rameter is quite low, thus causing 
the input tuning to be relatively 
insensitive to the output tuning. 

This circuit is particularly adapt­
ible to monolithic design because 
the usual large emitter bypass ca­
pacitor is not used. Instead, a much 
smaller capacitor is used to bypass 
the higher impedance base of the 
second transistor. This reduction 
in capacitor size gives the integrated 
circuit designer the choice of: (1) 
Trying for the minimum die size by 
using as small a capacitance as pos­
sible, and using as thin an oxide as 
possible to get the maximum capaci­
tance per square mil. Or (2) , using 
a larger die size with a conservative­
ly designed capacitor. The latter 
approach was taken. A die size of 
50 X 100 mils was chosen. The 
capacitor size was increased above 
what was actually needed to a size 
that would fill the chip. Good per­
formance can be obtained at as low 
as 12 Mc because of this large 
capacitor size. 

When used as the r-f stage of a 
transceiver, this monolithic r-f am­
plifier with nichrome resistors and 
thin-film capacitors had a sensitivity 
of less than 1 microvolt for a 6-db 
s-n ratio. Selectivity of the two 
loaded coils was sufficient to reject 
by more than 40 db a frequency 
24 Mc away from the 120-Mc car­
rier frequency. 

Rheotaxial - Rheotaxial growth 
technique has been extended to vac­
uum deposition of device-quality Si 
films. 7 At NEREM 1962, chemical 
vapor deposition of Si diodes and 
transistors on a fluid layer of high 
surface mobility was reported . The 
growth tends to follow the orienta­
tion of the first crystallites of Si on 
top of the fluid layer, giving rise to 
the name rheotaxial growth. 
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The more recent results demon­
strate that Si thin-film active devices, 
both diodes and transistors, can be 
deposited directly onto glazed ce­
ramic substrates by electron beam 
vacuum deposition methods-which 
are compatible with other thin-film 
fabrication techniques. 

The work is being continued to 
demonstrate the suitability of these 
Si thin film active devices for vacu­
um-deposited all-thin-film circuits 
which perform basic logic functions . 

A view of the vacuum chamber 
showing the substrate heater, mask 
changer, and source holder is shown 
in Fig. 6. 

Vacuum-deposited silicon thin 
films have been examined by optical 
microscopy, x-ray diffraction and 
electron diffraction. Conductivity 
type was determined by hot-probe 
and Hall-effect methods. The re­
sistivity was measured by a 4-point 
probe, and mobility was calculated 
from resistivity and Hall measure­
ments. 

To fabricate pn structures, a 
rheotaxial film of Si was deposited 
on the oxide-coated substrate. Sili­
con of the opposite conductivity was 

then deposited in isolated squar~s 
through a mask without breaking the 
vacuum. Reverse breakdowns of 
15-20 volts have been obtained with 
such diodes. 

Transistor structures were depos­
ited in a geometrical form as shown 
in Fig. 6 (inset). A set of 20 sep­
arate collectors was rheotaxially 
grown on the oxide-coated substrate 
by depositing Si with antimony 
doping. The bases were then formed 
by depositing aluminum-doped Si 
and the transistor structures were 
completed by the final deposition of 
antimony-doped emitters to give npn 
transistors. 
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GLASS-FIBER tube array has different silhouettes. Coplanar colinar setting (A), coplanar convergent conical setting (B) 
and noncoplanar divergent conical setting (D)-Fig. 1 ' 

GLASS-FIBER ARRAY Produces 
Zoom antenna for 4 to 6 Ge produces a multitude of different radiation patterns and 

simple mechanical adjustment. Flexibility is achieved by varying both array parameters and 

By K. IKRATH and W. SCHNEIDER 
U. S. Army Electronics R & D Laboratory, 
Fort Monmouth, New Jersey 

MECHANICALLY steerable glass-fiber tube zoom 
array is an extension of research performed earlier 
in a Signal Corps program. Operating between 4 
Ge and 6 Ge, this array uses four and 5 elements to 
yield practically any desired beam-width equal to or 
larger than 4 degrees. Moreover, almost any radia­
tion pattern such as single lobe, notched and split 
lobe can be obtained by mechanical adjustment of 
effective length of the glass fiber tubes, separation 
of array elements and angles between the elements. 

Construction-The basic antenna module for the 
4-Gc to 6-Gc range is a single glass-fiber zoom 
antenna1 . An experimental array for this range is 
shown in Fig. 1, where adjustment of separation and 
angles between array elements is made by rotating 
the spiral-slot disks in the front or tube side, and in 
the back or feeder side. Rotation of the spiral disks 
causes the support rods of the outer tubes to slide 

STRENGTH AND VERSATILITY 

In an earlier article (ELECTRONICS, Sept. 21, 1962, 
p 44), the authors described an antenna innovation in 
which a helical element encased in a glass-fiber tube 
focused a microwave beam. 

After further research, results show that the original 
antenna can be grouped (in four or five units) to pro­
vide a versatile array capable of variable beamwidth 
and pattern when steered by simple mechanical means 
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radially in the radial slots of the front and back sup­
port disks mounted on the turntable atop the pedastal. 
Figure 1 A shows the tubes aligned co linearly corre­
sponding to equal settings of both front and back 
spiral disks; Figure lB shows the tubes convergent 
conically and aligned corresponding to setting the 
front disk at a lower rim mark than the back disk. 
The divergent conical alignment shown in Fig. 1 C 
corresponds to a higher setting of the front spiral 
disk than of the back. Geometry of the mechanical 
structure and the calibration of the spiral disk settings 
on the rim determine array element separation and the 
angle a between the outer and center elements or the 
symmetry axes. The spiral-slot disk rim is marked 
directly in S, where S is the shortest center-to-center 
distance in centimeters between two outer support 
rods in the slots of a spiral-slot disk. The distance 
between the front and back spiral-slot disk is 35.3 
cm. The angle is then : a= arc tan (S1 - Sb) (cm)/ 
50 (cm), where a is counted positive for divergent 
alignments of the array elements. 

Each support rod can, within limits determined 
by the flexibility of the feeder cable, be shifted axially 
back and forth within the slot holder, permitting 
coplanar or noncoplanar alignment of the individual 
array elements. In addition to these array adjustments , 
the tube of each element can be shifted relative to 
the helix coupler as shown in Fig. lD. 

Support rods are calibrated from O to 90 cm from 
the feed end towards the helix coupler. The 9o-cm 
mark corresponds to the full effective length of the 
tubes counted from the base plate of the helix coupler 
to the end of the fiber glass tube. Support-rod mark­
ings also denote the distance between the helix cou­
pler and the front spiral disk. Array elements are fed 
in parallel using three coaxial-tee connectors for the 
4-element array and four coax tees for the 5-element 
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coplanar divergent conical setting {C), 

Many Beams 

variable beamwidths by 

number of elements 
LINEAR radiation patterns for two extreme positions of the helix coupler 
within the glass-fiber tube--Fig. 2 

array. Symmetry inaccuracies in the feed system and 
associated phasing errors are compensated by shifting 
the support rods relative to each other. This com­
pensation is periodic with frequency. 

In practice, nearly equal rod-mark settings are 
chosen so that the outer helix couplers and the tube 
ends are almost geometrically coplanar. The phase 
adjustment procedure involves attaining maximum 
received signal at the bore-sight alignment to the 
receiver or transmitter, with the array adjusted for 
narrow beam. Phasing can normally be corrected 
within ten minutes by slightly shifting three or four 
support rods relative to one another by fractions of 
the wavelength. 

Performance-The beam-focusing effectiveness of the 
glass fiber tube by the linear radiation patterns ob­
tained for two extreme positions of the helix coupler 
inside the tube are shown in Fig. 2. Terms v (ver­
tical) and h (horizontal) refer to the orientation of 
the linearly-polarized-horn antenna of the pattern­
recorder receiver. Influence of array element separa­
tion and angle a on the shape of the radiation pattern 
are demonstrated by the patterns shown in Fig. 3. 
Convergent alignment of the array elements ( nega­
tive a) and close proximity of the array elements pro­
duces wide beam patterns with side lobes of different 
character. 

Analysis----Narrowest radiation patterns and lowest 
side-lobe levels are obtained when the separation of 
the tube elements is equal to or more than 4 wave­
lengths. This separation corresponds roughly to the 
effective fictitious aperture of a single glass-fiber tube 
radiator. The lowest side-lobe levels are obtained 
for slightly divergent alignment of the array tubes 
corresponding to angle a of about 2 degrees. In the 
5-element array, side-lobe levels are also reduced by 
using only two thirds of the lengths of the outer glass­
fiber tubes. Wide-beam radiation patterns are pro­
duced by convergent alignment of the array tubes or 
by colinear alignment at tube separations equal to or 
less than 3 wavelengths. In addition to further studies 
of the coupling system between the tube radiators, 
practical means for weather protection must be found. 
Test have shown that thin layers of water and ice 
on the glass-fiber tube surface introduce extremely 
high losses. Thin, clear, plastic-cloth covers were 
found to be effective in elimnating these losses. 

This article reflects the teamwork of many of our 
colleagues at USAERDL. The glass fiber tubes were 
fabricated in the plastic shop and the array made in 
the machine and carpenter shops. Personnel of the 
Advanced Development Branch, Applied Sciences 
Division aided in evaluating array performance. Spe­
cial thanks are due J . Blaker and W. Kennbeck for 
testing and devising weather protection. 

VERTICAL POLARIZATION, 5Gc DIVERGING 
5 ELEMENT, CENTER TUBE LENGTH 90, 
OUTER TUBE LENGTH 60. 

VERTICAL POLARIZATION 5 Ge DIVERGtNG 
5 ELEMENT, TUBE LENGTH 90. 

INFLUENCE of element separation and angle a on pattern shape--Fig. 3 
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Novel Field-Effect Device 

Hole-conducting metal-oxide-semiconductor transistor characteristics 

provide a three-stage gain of 1,350 from 5 cycles to 72 kc 

By F. M. WANLASS, Fairchild Semiconductor Research and Development Laboratory, Palo Alto, California 

THE p-MOST AS AN A-C AMPLIFIER 

Field-effect hole-conducting metal-oxide semiconductor transistors 
(p·MOSTs) are easily applied to a-c coupled amplifier circuits be· 
cause of two operating characteristics. The device does not con­
duct appreciable current unless its input gate is biased in the 
same polarity as its output. Its gate is voltage-operated, never 
drawing d·c. By contrast, the p-n junction input field-effect tran­
sistor, like the electron tube, requires input bias opposite to the 
polarity of its output for small-signal amplification. Ease of bias­
ing the p-MOST to a correct operating point makes practical wide· 
band a-c amplifiers without large coupling or bypass capacitors 

BASIC STRUCTURE of a p­
MOST, shown in Fig. lA, comprises 
a silicon substrate of n-type conduc­
tivity into which are diffused two 
adjacent islands of p-type conduc­
tivity. A silicon-dioxide insulating 
layer overlays the area between the 
two diffused regions and a thin metal 
gate electrode is deposited on top 
of this Si02 layer. In addition to 
the gate electrode, one of the p 
islands is tied to the n-type substrate 
to act as the source electrode, and 
the other p island is the drain elec­
trode. 

The operation of this insulated 
gate p-MOST is based on the fact 
that when its gate is biased negative­
ly, electrons will tend to be repelled 
out of the n-type silicon immediately 
beneath the gate and holes will be 
attracted to this region. If the gate 
is made negative enough, the n-type 
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silicon will actually convert to p­
type in the region close to the Si­
SiO:! interface, so that there will be 
a p-type link connecting the diffused 
source and drain islands. The nega­
tive gate voltage at which conduc­
tion between source and drain can 
first occur is called the gate thresh­
old voltage V asr- As the gate is 
made more and more negative be­
yond V asr the p-type link connect­
ing source and drain will progres­
sively widen resulting in lower and 
lower source-drain resistance. Since, 
when current does flow between 
source and drain, it is carried by 
holes, which are the majority car­
riers, the device shown in Fig. lA 
is called a p-type MOST or p­
MOST. 

To have a low threshold voltage 
V as1· and high transconductance in 
a MOST, it is necessary to have a 

thin oxide beneath the gate and close 
spacing between source and drain 
islands. It is presently possible to 
obtain reproducible spacings down 
to about 5 microns and thicknesses 
to about 1,000 A. These critical 
geometrical parameters are con­
trolled using standard manufactur­
ing techniques. Compared to active 
elements such as the p-n junction 
input field-effect transistor the 
MOST is simple and several can be 
integrated in the same slice of silicon 
without isolation problems or in­
crease in the number of processing 
steps. 

Characteristics-In operation (Fig. 
1 B) the bias voltage V vs applied to 
the drain of a p-MOST with respect 
to its source must always be nega­
tive, so the drain p-n junction is 
reverse biased. If the gate voltage 
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Provides Broadband Gain 
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V as is more positive than V asT, the 
drain current l 1Js is small (it will be 
that flowing in a reverse biased sili­
con junction, or < 1 o-0 amp) -
When V as is made more negative 
than V asT drain current will in­
crease and it will increase consider­
ably if Vas is made negative enough. 
Data on typical present devices are 
shown in Fig. 1 C, where for V Ds = 
V as = - 11 volts, l 1Js is approxi­
mately - 5 ma. For gate voltages 
more negative than V asT the charac­
teristic curves resemble those of a 
pentode, in that the dynamic output 
resistance is high. 

A convenient way to determine 
the gate threshold voltage V asT at 
which drain current I vs first flows is 
to tie the gate to the drain and then 
plot I Ds vs V Ds on a transistor curve 
tracer as in Fig. 1 D. Usually it is 
desirable to have devices for which 
[ V os1·[ is as small as possible. But 
V osT is a parameter that can be 
adjusted within wide limits during 
manufacturing, by adjusting the ox­
ide thickness under the gate. If de­
sirable, JV asTI can be made large 
for high-power, high-voltage ampli­
fier applications. 

Automatic Biasing-Consider the 
single-stage amplifier of Fig. lE with 
a supply voltage V Tl that is several 
volts more negative than the gate 
threshold voltage of the MOST. 
Without input signal (e 1s = 0) 
drain voltage V 1rn is determined as 
follows. Gate V as = V Ds independ­
ent of the value of R1 (since no gate 
current flows) . Voltage V Ds cannot 
equal V a, because then the MOST 
would conduct current causing a 
voltage drop in R L. Also, V Ds must 
be at least as negative as V asT to 
produce any drain current flow at 
all. It appears, therefore, that V Ds 
will be automatically biased to a 
value between V asT and V n· This 
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is a bias region in which the MOST 
has appreciable small signal gain. 
To find exactly the small signal op­
erating point for the circuit of Fig. 
l E I vs vs V Ds = V as is plotted for 
the particular MOST used. On the 
same graph is superimposed a load 
line of slope l / Rr,, with an x inter­
cept of V 8 • The intersection of these 
two curves (Fig. IF) gives the op­
erating point current I Dso and volt­
age V Dso = V oso- If the charac­
teristic curves are now also su­
perimposed on the same graph, 
the variations t:.l Ds and t:. V Ds 
owing to small variations t:. V as 
about V 080 can be obtained. This 
graphical operating point determina­
tion is performed in Fig. 1 F for the 
same MOST that was used to obtain 
the data of Fig. lC and D. It is evi­
dent from Fig. lF that the stage will 
automatically bias itself to a point 
of useful gain for almost any value 
of its load resistor RL. The value of 
R L is not critical, since it is difficult 
to saturate V 08 at extreme voltage. 

For determining static bias con­
ditions the values of R1 and C, are 
unimportant in the circuit of Fig. 
1 E . Consider the conditions neces­
sary for amplification of a small in­
put signal erN· For a small change 
e1,8 in the gate voltage the drain 
voltage will change in the opposite 
direction. Thus, the first require­
ment to obtain a-c gain is that the 
input coupling capacitor Ci must be 
much larger than the gate-drain ca­
pacitance C00 . This is satisfied be­
cause a typical MOST has only 
about 0.2 pf for CaD· More impor­
tantly, the degenerative effect of sig­
nal coupling through R1 from drain 
to gate must be kept small in com­
parison to the signal coupled to the 
gate through Ci. This means that a-c 
amplification can only be obtained 
down to a frequency f • equivalent to 
1/ R1C,. 

-1 5 

eoor 

[ 

(C} 

To make an amplifier stage that 
is flat down to 1 cycle means that 
the product of R1 and C; should be 
several seconds at least. The advan­
tage of a MOST becomes apparent 
since the gate requires no d-c input 
current, R1 can be made extremely 
large in value and C; fairly small to 
obtain the large R 1C, product. Feed­
back resistors R1 having values be­
yond 1012 ohms have been success­
fully used. With such large feedback 
resistors , input capacitor Ci must 
have an exceedingly low leakage 
current. 

An accurate value for R 1 is not 
important as long as the product 
R1Ci is much greater than the period 
of the lowest frequency signal to be 
amplified. 

Transistor Addition-In an a-c 
amplifier stage driving a heavy 
load, an npn transistor can be 
added as an emitter follower, so the 
drain of the MOST need only sup­
ply base current to the transistor. 
This arrangement is shown in Fig. 
2A. This combination of MOST and 
transistor can be considered a new 
species of three-lead device. This 
composite has some characteristics, 
shown in Fig. 2B, that are similar to 
a single MOST. For example, the 
gate threshold voltage V asT is a 
comparable negative value. How­
ever, the transconductance of the 
composite, when it has started to 
conduct, is much larger than for a 
single MOST. The composite g.,. is 
the product of the gm of the MOST 
and the (3 of the transistor. Another 
slight difference between the com­
posite and the single MOST is that, 
regardless of gate voltage, the drain 
of the composite must be more neg­
ative than approximately - 0 .7 volt 
to have conduction. This is the volt­
age required between the base and 
the emitter of the transistor before 
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any base current will begin to flow. 
The composite can be used in 

self-biased stages like that of Fig. 
IE. If desirable, load resistor RL 
can be made smaller to get more 
power gain. In fact, several tran­
sistors can be connected from a 
MOST in a Darlington configura­
tion, so that practically any size 
load can be driven with automatic 
bias point stabilization. 

A-C Amplifier-Figure 2C shows a 
practical high-input-impedance, low­
output-impedance voltage amplifier 
comprising cascaded stages, each 
like that of Fig. IE. The 1011 ohm 
feedback resistors were made espe­
cially for this application by deposit­
ing a thin film of amorphous silicon 
onto an insulating substrate, etch­
ing into a pattern and bonding on 
leads. The resistors are physically 
small, in the order of O.OI by O.OI 
in. Together with 0.001-/.tf coupling 
capacitors they produce a low-fre­
quency response of about 5 cycles 
at 3 db down. 

At low frequencies such that the 
interelectrode capacitances of the 
MOST can be neglected, but at fre­
quencies high enough that there is 
not too much degenerative feedback 
through R1, the gain of one stage of 
the amplifier of Fig. 2C should be 
Gs = eo/em = g ... roRd(ro+RL) , 
where r0 is the dynamic output re­
sistance of the MOST. The total 
voltage gain should be the product 
of three such terms and when cal­
culated is G = I ,290, using values 
of gm and r0 from the characteristic 
curves in Fig. IC and Fig. 2B. The 
measured gain of about I,350 
agrees favorably with this calculated 
value over a bandwidth from 5 
cycles to 72 kc ( 3 db down points) 
as shown in Fig. 2D. 

The constant gain bandwidth 
could be extended, at the sacrifice 
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of low frequency gain, by connect­
ing more degenerative capacitance 
from drain to gate of each MOST 
in the circuit of Fig. 2C. 

Input Impedance-For a solid-state 
amplifier the circuit of Fig. 2C has 
an extremely high input impedance 
Znv. Above a few cps Zm results 
almost exclusively from gate-drain 
capacitance Cao of the first MOST 
multiplied by the gain of the first 
stage, plus the gate-source capaci­
tance Ca8 . With typical values of 
Cas = 1.5 pf, Cao = 0.2 pf, and 
G about 8, we get CroTAL about 3 
pf. At a signal frequency of 50 kc 
the input impedance is still greater 
than 1 megohm. 

Transients-Since the gate of the 
MOST is insulated from its body it 
can never draw current for either 
positive or negative voltage excur­
sions. Therefore, if the a-c ampli­
fier shown in Fig. 2C has a momen­
tary extra large input pulse, normal 
low level signal amplification can 
proceed immediately afterwards. 
No capacitor blocking phenomenon 
will occur like that in a-c coupled 
vacuum-tube amplifiers. An upper 
limit is set by the breakdown volt­
age of the oxide layer beneath the 
gate, but this voltage can be made 
I 00 volts or higher depending on 
the thickness used. 

Integration-An a1Jtraotive feature 
of the a-c amplification scheme is 
the ease with which it might be inte­
grated into a single silicon chip. 
An a-c coupled amplifier with gain 
down to very low frequencies is gen­
erally impossible to integrate be­
cause large values of coupling ca­
pacitance are needed. Here, if the 
feedback resistance R1 of a stage 
is made about 1012 ohms the input 
capacitor Ct can be as low as I 0 pf, 

-v 

2PF 

COMBINATION of MOST 
and npn transistor gives 
increased g .. (A), input· 
output characteristics 
for combination shown 
previously (8), high in· 
put impedance ampli· 
fier circuit (C), gain of 
amplifier vs frequency 
(D), circuit of integrated 
a-c amplifier stage show· 
ing parasitic reverse­
biased diode capaci­
tance (E)-Fig. 2 

and gain is obtained down to a few 
cycles per second. 

Figure 2E is the equivalent cir­
cuit of the integrated stage shown 
in the microphotograph. The input 
capacitor to this stage consists of a 
metal electrode separated from a p 
island by a thin Si02 insulating 
layer. The metal electrode goes to 
the gate of the MOST and the p 
island is the input terminal to the 
stage. This MOS capacitor with 
Si02 as its dielectric has low leakage 
current to the metal electrode, so 
that it is possible to use a thin film 
silicon resistor of about 1012 ohms 
connected from drain to gate to set 
the bias level. However, there is an 
unavoidable parasitic capacitance 
of about 10 pf between the p island 
and the n-type substrate. This para­
sitic capacitance basically limits the 
stage to relatively low frequency 
amplification. Other types of thin­
film input capacitors still to be de­
veloped could extend the high fre­
quency response. 

The integrated stage has a voltage 
gain of about 5. Several cascaded 
stages without other components 
produce any total desired gain. The 
stages are not critical with respect 
to supply voltage or to internal com­
ponent tolerance. 
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PLATED HOLES 
SI MP LIFY MEMORY DESIG N 

This new magnetic-storage unit combines th6 operating speed and 

manufacturing simplicity of a thin-film memory with the closed-flux 

configuration afforded by ferrite cores. It increases application 

flexibility and reduces design problems 

By J. S. SALLO, Honeywell Research Center, Hopkins, Minnesota 

GREAT improvements have been made in random­
access magnetic stores. At the present, ferrite cores 
are the most widely used elements in such systems, 
and improvements in ferrite compositions have led 
to higher-temperature operation and lower switching 
coefficients. The use of smalJer cores has lowered drive 
requirements and reduced stack size. Partial switching, 
coupled with word organized readout, has further 
increased the speed of such systems. But even with 
automated wiring techniques such systems are rel­
atively costly, temperature limited, and, barring some 
major breakthrough, limited in ultimate speed 
capability. 

Metallic magnetic thin films have now come into 
limited use in memories. These thin films are inher­
ently high-speed devices and utilize magnetic ani­
sotropy in their operation. Problems such as creep 
and dispersion are presently being studied and appear 
to be due largely to the open-flux nature of the device1 • 

As a partial solution to this problem, recent memories 
have used a pair of films to partially close the flux2 3 • 

Despite the remaining problems, this class of device 
offers great promise in high-speed applications. 

Film devices are limited to high-speed operation due 
to the smalJ amount of flux available. A third class of 
devices, usually plated wires, are capable of higher 
output; examples of these are the Twistor4, bit-wire5 , 

rod6 , and plated tensor7 • Except for the tensor, all 
these have open flux paths. In addition, all but the rod 
are limited to two-wire applications. Examples of the 
newer devices which are not plated wires are the woven 
screen8 • Permalloy sheet9 , and waffle iron10 . A11 have 
closed-flux paths or approach a closed flux configura­
tion. These devices are so new, however, that the data 
available for evaluation is inadequate for objective 
analysis. 

Design-The Orthocore11 is designed to provide a 
highly-flexible closed flux store. In principle, a group 
of wire is fixed to connectors to form the desired wir-

34 

NO WIRES CROSSED 

Silhouette to the contrary, this device functions ac­
cording to plan and is intended to provide a more 
flexible closed flux store for magnetic memories. Us­
ing printed-circuit wiring, Orthocore contains a series 
of magnetic-memory cores within the criss·cross grids 
of its structure. One construction advantage is the 
elimination of all welding and soldering. Moreover, 
the techniques used permit either a coincident-current 
or word-organized memory to be constructed 

ing pattern. This wiring configuration is placed inside 
a carefully machined two-part steel mold and the mold 
is filled with a suitable insulating material such as a 
plastic. In the finished part, a plastic cylinder is 
formed around each conjunction of several wires that 
wilJ become a memory bit. When this form is coated 
with a magnetic material, these cylinders will become 
memory cores. 

In practice, the use of actual wires is impractical, 
as they tend to come to the surface of mold and short 
out to the magnetic material. In addition, the use of 
straight wires presents a limitation in the diameter­
to-length ratio of the magnetic cores since some wires 
must be on a diagonal through the core. Moreover, 
the use of straight wires soldered to a connector board 
is a potentialJy expensive operation. 

All of these limitations can be eliminated by using 
printed wires on thin plastic sheets; the wires need not 
be straight and they provide a greater flexibility in 
wiring configurations with lower cost. In addition, 
wire ends can be thickened and used as the connec­
tors, so that soldering and welding is eliminated. 

A drawing of an Orthocore plane prepared in this 
way is shown in Fig. lA. The squares represent holes 
in the plane; one of these is indicated as A. Each hole 
is surrounded by four cores; the cores around hole A 
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GRIDS in the Orthocore 
actually house a highly 
flexible, closed-flux store 

WIRE 
THREADED 
THROUGH 
"ORTHOCORE" ARRAY 
TO PROVIDE BIAX-TYPE 
NDRO PULSE. 

.( B) 

-
-

MAGNETIC 
PLATING 

INTERROGATE 
CURRENT 
PULSE 

( c) 

CIRCUIT 

PRINTED CIRCUIT 
SHEET WITH 
SOLENOID CIRCUIT 

PLANE with one possible wiring configuration (A), use of core for biax-type nondestructive readout interrogate pulse 
(8), and cross section of plane containing printed-circuit sheets (C)-Fig. 1 

are shown as 1, 2, 3, and 4. Each core passes along 
the top of the cylinder, down through one of the 
adjacent holes, back along the bottom of the cylinder, 
and up through the other adjacent hole to complete 
its closed flux path. Thus, each core requires two holes 
to accomplish its flux closure and each hole is sur­
rounded by four cores. The broken lines show a pos­
sible configuration of imbedded wires that might be 
used to select core 4 in a three-wire memory. The two 
zigzag wires meet only in core 4 and are used to select 
this core in a coincident-current write operation. 

Advantages-The Orthocore has the advantage of 
eliminating the wiring of individual magnetic toroids, 
leading to a large cost saving relative to conventional 
ferrite memories. The magnetic elements are present 
in a true closed-flux path configuration that is not 
limited to a two-wire memory system. In fact, a great 
flexibility in wiring is provided. Since small cores need 
not be wired, a reduction in core diameter is also 
possible leading to a very compact memory. Figure 2A 
shows an experimental Orthocore form using 0.030-
inch diameter cores on 0.060-inch centers. The cores 
are 0.030-inch long and each hole forms a flux-closure 
link for four cores. The active area contains 144 bits 
and is 1/ 2 X 11z X 0.030-inch in size, leading to a bit 
density of 20,000 bits/cubic inch. The connectors at 
the edge of the plane are formed by the printed wires 
themselves. One of the printed wiring sheets used in 
the fabrication of the 0.030-inch form is shown in 
Fig. 2B. 

Non Destructive Readout-The techniques described 
are applicable to either a coincident-current or a 
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word-organized memory. Both schemes employ a 
destructive readout of the memory bit. Many applica­
tions exist, particularly in military and space systems, 
where readout of the memory bit without destroying 
the stored information is desirable. This can be ob­
tained in either of two ways with the Orthocore. One 
of these techniques utilizes the geometry of the form 
itself. Figure lB shows a perspective drawing of the 
Orthocore plane. Since the hole in the form is coated 
with magnetic material, a magnetic core exists in the 
plane of the form inside this hole. This core forms a 
common link with the memory cores and is orthogonal 
to them. This is the same configuration as is found in 
the ferrite biax elernent12 also shown in Fig. lB. A 
wire threaded through the hole in the plane as shown 
will, when pulsed, produce an NDRO output on the 
four cores surrounding this hole. The Orthocore pro­
vides an advantage in wiring simplicity, cost, size, 
and temperature stability relative to the single ferrite 
elements. 

The second NDRO scheme requires that a solenoid 
be wound around the plane. When this solenoid is 
pulsed to yield a transverse field, the magnetization 
vector rotates against the anisotropy of the material. 
When the solenoidal field is removed, magnetization 
returns to its easy direction. This type of NDRO is 
used in the tensor. Figure IC illustrates a cross-section 
of an Orthocore plane showing the single-turn solenoid 
strip in position. 

Problems-The Orthocore offers advantages in fabri­
cation of closed-flux and magnetic-film devices ; how­
ever, it presents some severe problems in terms of the 
deposition of the magnetic materials. Magnetic ma-
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DEVICE with 0.030-inch core diameter prior to deposition 
of magnetic material (A) and one set of printed wires used 
in the 0.030-inch form (8)-Fig. 2 

terial must be uniformly deposited along the entire 
circumference of the substrate cylinder. This is par­
ticularly difficult to achieve inside the holes in the 
form. With present planes, we are dealing with a 
square hole 0.030-inch on an edge. Smaller bit spac­
ings are contemplated that will require deposition 
inside even smaller holes . Most techniques for depo­
sition of magnetic materials such as evaporation and 
electrodeposition will suffer from extreme uniformity 
problems when applied to this complex geometry. 
Electroless deposition is remarkably free of these 
geometry limitations and will form a uniform deposit 
inside the small holes . Therefore, hypophosphite re­
duction of nickel and cobalt was chosen as the tech­
nique for the formation of materials for the device. 

Deposition on plastic tubes has shown that a wide 
range of magnetic propel'ties are available from Ni­
Co-P materials prepared by this technique. Coerciv­
ities ranging from 0.2 oersted to above 5 oersteds are 
attainable. Moreover, deposition in a circumferential 
magnetic field induces anisotropy in the deposit and 
leads to a square hysteresis loop in the desired direc­
tion. Deposition thickness is readily varied from under 
1,000 A to above 50 microns at a nominal rate of 
2,000 to 4,000 A/ min. The deposition process is rel­
atively inexpensive, particularly with the utilization 
of new bath-stabilization techniques that have been 
developed. The composition of the magnetic deposit 
is nominally 35 % Co, 63 % Ni and 2 % P. 

Switching Coefficient-In terms of coincident current 
and linear-select classes of magnetic stores, the switch­
ing coefficient, Sw,13 is of prime importance. This 
value is a figure of merit that determines the switching 
time to be expected for a given drive in a wall-motion 
switching process. If a thick film (over 10,000 A) 
Orthocore store is to be considered, Sw must be com­
pared with ferrite materials. In ferrite materials, Sw 
is usually in the order of 0.5-oersted microseconds. 
Presently Orthocore materials have Sw of about 2-
oersted microseconds. This means that on a 0.030-
inch cylinder, a half-select drive of about 400-ma 
turns is required to produce a I-microsecond switch­
ing time in coincident-current write or read applica­
tion . Slower switching speeds will require less drive. 
Linear select schemes permit a faster read-out with 
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larger drives . Partial switching-write techniques could 
also be considered for linear select applications. 

Continuing research on the electroless class of mag­
netic materials is expected to improve the properties 
of this class of wall-motion Orthocore stores. How­
ever, materials presently available have many potential 
applications. Experimental planes, although still in 
the development stage, are showing good uniformity 
characteristics. These planes can be prepared at low 
cost and at high packing density. NDRO can be ob­
tained if desired and occurs in the nanosecond-speed 
region depending upon the rise time of the applied 
pulse. Therefore, the present device is applicable to 
high-speed, read-only applicaitions. In addition, any 
memory problems requiring low cost and random 
access where high speed is not required are entirely 
suitable for this device. 

Logic-Due to the flexibility of wiring inherent to the 
device, Orthocore logic is a good possibility. Utiliza­
tion of this flexibility can lead to low-cost schemes 
for shift registers, counters, and other magnetic logic 
components. In most of these applications, the switch­
ing coefficient is not of great importance and extensive 
hand wiring greatly increases the present cost. Several 
similar applications are currently under investigation. 

The Orthocore also possesses possibilities as a thin­
film , high-speed device. In this usage, a memory would 
retain the closed flux path of the present device where 
positioning of wires is not important and creep and 
di spersion problems are minimized. The study of 
closed-flux electroless th in films has just begun and the 
properties of the films are still virtually unknown. 
Flat films have properties similar to those of evapo­
rated or electrodeposited film s. In order to produce 
this type of memory, the size of the Orthocore form 
must be substantially reduced in order to solve the 
propagation time problem. 

Orthocore device provides a means of obtaining 
prewired .closed-flux, magnetic-memory arrays. The 
main advantages of this technique are low cost, wiring 
flexibility, small size, and temperature stability. 
Although present materials fall outside of the high­
speed memory class, many applications exist for the 
present class of materials. Future work is expected 
to lead to high-speed devices where the full potential 
of the concept can be realized. 

The author wishes to acknowledge the advice and 
assistance of R. J. Prosen, T. J. Cebulla and R. B. 
Fryer. 
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Moseley 2DR, compact, rack mounting 

Moseley 20 with Q3 variable speed motor drive 

MOSELEY X-Y T* RECORDERS 
MODEL 2D 11" x 17" series AUTOGRAF® RECORDERS are offered 
in 9 different units, tailored to your exact need. 

MODEL 2D (Bench type) and 2DR (Rack type). Versatile series 
leaders feature de and ac inputs, X-axis time basis, continuous 
electronic reference, and facilities for a built-in magnetic curve 
follower. MODEL 2D or 2DR, $2450. 

MODEL 2D-2 and 2DR-2. Include all standard features of 2D, 2DR 
except ac input facility. MODEL 2D-2 or 2DR-2, $2050. 

MODEL 2D-3 and 2DR-3. Specially designed for operation with 
-+-100 volt external computer reference supply. Include alternate 
built-in electronic reference, omit time base and ac signal input 
features. MODEL 2D-3 or 2DR-3, $2050. 

MODEL 2D-4 and 2DR-4. Low cost versions with reduced accu­
racy for basic de signal recording. Furnished without time base, 
ac input, or curve follower facilities. 2D-4 or 2DR-4, $1490. 

MODEL 2D-5. Combines all features of Model 2D with Type F-3 
Photo-Electric Line Follower. Records, reproduces a function signal 
with desired transport delay simulation. 1s2 •• 2 
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No other 11" x 17" Recorder offers 
all these standard features 

Yi mv/in. Sensitivity 

16 Calibrated de Ranges Plus Stepless Control 
(Vernier) 

One Megohm Input Resistance on all Ranges 
(Optional) 

Built-in X-Axis Time Base 
Electronic Reference 
Full Scale Zero and Full Scale Zero Offset 

Self Contained Vacuum System for Paper 
Ho I down 

Optional AC Input 
Optional Roll Chart Capabilities 
Operates with Both Magnetic and Optical 

Curve and Line Followers 

F. L. MOSELEY CO. 
409 N . Fair Oaks Ave . , Pasadena , California 

<!j;an affiliate of Hewlett-Packard 
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Acoustical Components 
of Superior Quality 

JAPAN PIEZO supplies 80% of 
Japan's crystal product require­
ments. 

STEREO CARTRIDGE 
Crystal - "PIEZO" Y-130 

X'TAL STEREO CARTRIDGE 
At 20°C, response : 50 to 10,000 c/s 
with a separation of 16.5 db. 0.6 V 
output at 50 mm/sec. Tracking 
force : 6 ±I gm·. Compliance : 1.5 x 
}0-6 cm/dyne. Termination: lM.0. 
+150 pF. 
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Write for detailed catalog on our 
complete line of acoustical products 
including pickups, microphones, 
record players, phonograph motors 
and many associated products. 

JAPAN PIEZO 
ELEORIC co.~ LTD. 
Komi-renjoku, Mitaka, Tokyo, Japan 
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Computer 
Analyzes 
X-Rays 

Data-processing methods 

show progress in EEG 

and EKG studies, too 

By JOHN M. CARROLL 
Managing Editor 

NEW ORLEANS-Progress in the 
use of electronic computers, instru­
ments and displays to study diseases 
was demonstrated here last week at 
Tulane University's Bio-Medical 
Computing System Center. 

A joint venture with IBM, the 
center was established two . years 
ago with a five-year, $1,674,854 
grant from the National Institutes 
of Health. Equipment includes an 
IBM 1410 systems with two chan­
nels and 40,000-character memory, 
also a 1401. 

X-Ray Images-For digital proces­
sing a flying-spot scanner with 380-
line resolution dissects a 3 X 3-inch 
section of a radiograph into 190,000 
elemental areas. Video output is 
quantized into 100 gray-scale levels 
by an analog-digital converter. 
Digits go through the 1401 where 
the quantized information is stored, 
typically on 70 ft of t-in. tape. 

The digital image can be altered 
to assist the radiologist by presenting 
less information, but uncluttered. 
For example, a gray-scale range 
from 30 to 35 might be extended 
from 00 (black) to 99 (white). A 
digital-analog converter then pre­
sents conditioned data on a 5-inch 
crt. The system allows differential 
diagnosis of pathological lesions. In 
one case it revealed a lung malig­
nancy not apparent to the unaided 
eye. 

Analog x-ray enhancement per­
mits gray-scale expansion and study 
of various sections of the radio-

TV SCANNING system that enlarges se· 
lected portions of x-ray images is one of 

graph. The radiograph is scanned 
with a vidicon equipped with a zoom 
lens. Signal-conditioning circuits 
pass the video to a 21-inch tv moni­
tor. The equipment permits en­
hanc~ng sharp changes in density. 
The video, which has a 10 to 12-Mc 
bandwidth is impressed on a differ­
ential amplifier as is an image passed 
down to a 40~Mc, lumped-constant, 
variable delay line. This configura­
tion effectively subtracts out back­
ground and leaves in the intelligence 
transmitted in sharp changes in 
density. Thus the system differen­
tiates the image. 

EEG Patterns-Techniques basic ir 
speech recognition have been usec 
to teach a computer to discriminate 
between normal and abnormal elec­
troencephalograms. The EEG sig­
nals are multiplied in frequency 
(and compressed in time) by a fac­
tor of 240. A bank of 36 filters then 
separates out frequency components, 
which are analyzed simultaneously. 
In this work, an IBM 7090 was 
shown the awake but relaxed pat­
terns of 4 normal patients. It was 
then shown patterns from both nor­
mal patients and from patients suf­
fering from brain disease. In the 
latter case, there was low correla­
tion with the previously learned pat­
terns. 

EKG Records-A 1401 has helped 
cardiologists study parameters of 
electrocardiograms. The EKG out­
put is fed to an A-D converter and 
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displays being developed at Tulane Uni­
verstiy center 

to a 1401 which flags significant 
parts of the waveform and deter­
mines significant changes. The pro­
gram ignores short-term noise. It 
may be useful in operating-room 
and intensive-care monitoring. 

Medical Records-Modern informa­
tion storage and retrieval techniques 
may reduce bulky medical records 
and permit their storage on mag­
netic tape. The Tulane project in­
cludes 5,000 case histories supplied 
by 3 hospitals. Records can be 
searched at the rate of 1,000 in five 
minutes instead of months as in 
manual searching. 

METASTATIC cancer nodule (circled 
area) barely visible in x·ray (top) is 
seen in computer-processed image 
(bottom) 
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Now -
addressable 
and sequential 
multiplexing 
in one unit 

MULTIPLEXER ......... 

.. 
• -

-
• • • • 
• • • • 

~ 
T'EXAS ll<ATRUMl:Mftl ••c:.•• .. i•.a<r•• -- -···--

choose either binary or BCD 
channel address and confirmation 

• Sampling rate to 50,000 channels/sec 

features 
• Variable frame length 

• Accuracy + 0.02% full scale 

• Input levels to + IO V 

Texas Instruments Multiplexers are all solid state units 

providing accurate, high-speed bipolar operation with low 

dynamic crossfeed, fast settling time, and variable strobe. 

Manual channel select switches facilitate system set-up and 

check-out. Frame length is selectable from front panel. 

Expandable to 160 channels by means of plug-in printed 

circuit cards. Case size 5}.~ by 19 by 18 inches for standard 

relay rack mounting. 

Tl's high speed 

Model 834 Analog-Digital 

Converter, ideal 

companion instrument to 
the Tl Multiplexer. 

High speed: 1.5 µsec per bit 

Built-in sample and hold 
Accuracy:: ± 0.05% full scale 

Automatic zero stabilization 

Ask a TI Application Engineer for further information on 
digital data handling equipment for your specific needs. 

INDUSTRIAL 4P TEXAS INSTRUMENTS 
~~g~~CTS I N C O R P O R A T E D 

P. O. BOX 88027 HOUSTON 6. TEXAS 

SENSING• RECORDING• TESTING• DIGITIZING INSTRUMENTS 

THE INSTRUMENTS OF TEXAS INSTRUMENTS 
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----RESEARCH AND DEVELOPMENT----------

Thick-Film Memory Has High Output 

IBM uses orthogonal 

magnetization scheme on 

cylindrical cores 

NEW TYPE of computer memory 
with output signals in excess of 
± 15 mv with a read-drive risetime 
of 20 nsec was described at NEC 
this week by N. F. Lockhart of 
IBM's Data Systems Division, 
Poughkeepsie, N. Y. 

Called the cylindrical film mem­
ory, the system is based on ortho­
gonal-mode cylindrical cores of 
nickel-iron metal. For a substrate, 
each elementary device uses a 0 .1-
inch piece of glass tubing approxi­
mately 0.015 inch i.d. and 0.025 
inch o.d. An 80-20 Permalloy 
(thick) film is deposited by electro­
plating to a thickness of about 6,000 
A on the outside surface. No sur­
face preparation is needed except 
for a thin gold underlayer to serve 
as a highly conductive surface for 
the electroplating. The Permalloy 
film is deposited in the presence of 
a circumferentially oriented d-c 
magnetic field. A highly oriented 
uniaxial magnetic film results; its 
easy axis of magnetization is aligned 
with the circumferential direction, 

BIT GEOMETRY shows word line and 
bit line arrangements: word line pro­
duces circumferential flux, bit line 
axial flux. Sense wire passes through 
center of core 
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TEST ARRAY of 2,048 words used direct coupled word and gate drivers in 
diode selection matrix for word drive system, low-impedance stripline cables 
and close spacing 

and the hard axis is parallel to the 
cylinder's axis. 

Orthogonal Mode-The cylindrical 
film device has been developed for 
orthogonal mode operation, char­
acterized by two mutually perpen­
dicular directions of excitation. A 
current in the word conductor pro­
duces a field parallel to the hard 
axis. Application of the word field 
rotates the stored remanent mag­
netization of the core from its cir­
cumferential alignment into align­
ment with the hard axis . The change 
that occurs at this time in circum­
ferential flux links the sense wind­
ing, and produces a positive or neg­
ative output signal. The output 
polarity depends on the nature of 
the stored remanent state-either 
plus or minus remanence. 

The bit drive is so positioned that 
a bit drive pulse produces a circum­
ferentially oriented field in the cy­
lindrical core. If this field is applied 
at the same time as a word field , 
the magnetization vector is inclined 
in either the clockwise or the 

counterclockwise direction, depend­
ing on the bit drive polarity. Re­
moval of the word field allows the 
magnetization vector to align itself 
in the direction favored by the bit 
field; subsequent removal of the bit 
field completes the writing portion 
of the cycle. 

Experimental Array-A memory 
array of 2,048 72-bit word capacity 
was built and tested for evaluation 
of the basic device, using the basic 
horseshoe-type geometry shown in 
the figure, and a packaging approach 
that kept to a minimum the neces­
sary array wiring lengths. Two 
models were built: the first used an 
electrostatic shield for the purpose 
of reducing read noise. The second, 
more successful, did not, and 
achieved a word gate noise of less 
than 3 millivolts, and bit noise of 
150 millivolts peak when driving 
and sensing in a single bit position. 
The circuit and array delays in the 
model memory indicated that a 400-
500 nsec cycle is possible in a sys­
tem of up to 16,000 words. 
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Kepco voltage/current regulated 

power supplies in the KS series now 

come equipped with voltage/current 

mode indicators called "VIX". Time 

saving and added utility are provided 

by these indicators which show at a 

glance whether the power supply is 

in its voltage regulating mode or its 

current regulating mode. This indica­

tion is especially useful in the Kepco 

KS Models since they have ex­

tremely sharp cross-over character­

istics. 

;¥VOLTAGE/CURRENT CROSSOVER SIGNAL 

Send tor complete data on 
Kepco KS Models 

featuring NEW "VIX" Indicators 

ADDS 
EXTRA 
VALUE 

REAR VIEW 

,, ,-------------... 
KEPCD 31/2 :: __ ~A~-- - ·:· M ODELS 

llCCULATCO~ DC SUPPLY 

0.01% REGULATION and STABILITY 
DC OUTPUT 

RANGE 
VOLTS AMPS 

0-8 0-15 
0-18 0-10 
0-36 0-5 

MODEL PRICE 

131-38 SANFORD AVE.• FLUSHING, N.Y. 11352 
Phone (212) IN 1-7000 • TWX # 212-539-6623 

Cable Address: KEPCOPOWER NEWYORK 

Other features include: 

• High Power in Compact Design 
31/2" H x 19"W x 14" D 

• SCR Preregulation 

• 10-turn-pot Resolution 

• Flexible Programming 

• Dual Kepco "Bridge Circuitry" 
with Automatic Cross-over 

• Remote VIX Signal 

• Key Circuitry brought to rear 
Terminal Board 

• Six Operating Modes with External 
Connections 

• Series/Parallel Versatility 
t Patents issued and pending. 

See our complete 
Catalog in 

c44;;w 
l3~~:;:2 ©Btil 
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HERE'S A SWITCH 
1500 watts inductive 
2000 watts resistive 

Delco's silicon 2N2580 series 

Switch ultrahigh voltages at peak power levels 
with Delco Radio's family of silicon transistors 
-2N2580, 2N2581, 2N2582, 2N2583. 
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Typical inductive switching curve 
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Each transistor f ea­
tures a maximum 
sustaining voltage 
(VCE sus.) of 325V, 
and has VCBO, 
VCEX and VCEO 
ratings of either 400 
or 500 volts in either 
of two gain ranges. 

Typical resistive switching curve 

20.6 _, @ l .I"\. 
( Allt CO'l6 CNOlfl) MlltClllW 9.n. 

;:~§~~1 + 
SO ... Slt:. . P*IWOO} = 121f. 

~ 2V. -

Test circuit-inductive load 

Inductive or resistive loads can be switched 
at full rated collector current (up to 10 am­
peres) within the 325-volt safe operating area 
-with freedom from secondary breakdown . 

,.,EACIJ/ltY /VI.Al' 

(c'OAIV~20M} 

(60<>.•UC "'"" l •o-uc. l'IEA-) 

" + 

-=- IZI'. 

~~~~~~......_~~--..~~-

Test circuit-resistive load 

All 2N2580 series transistors are available 
now at new reduced prices. For complete 
data, contact your Delco Radio semicon­
ductor distributor or any of the sales offices 
listed below. 
Union, New Jersey 
324 Chestnut Street 
MUrdock 7-3770 
AREA CODE 201 

Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 
AREA CODE 313 

Palo Alto, California 
201 Town & Country Village 
DAvenport 6-Q365 
AREA CODE 415 

Santa Monica, California 
726 Santa Monica Blvd. 
UPton o-8807 
AREA CODE 213 

Syracuse, New York 
1054 Jame• Street 
GRanite 2-2668 
AREA CODE 315 

Chicago, Illinois 
5151 N. Harlem Ave. 
775-5411 
AREA CODE 312 

General Sates Office: 700 E. Firmin, Kokomo, Ind., Gladstone 2-8211-Exl 500 • Area Code 317 

~'ifi-8 
~!ABILITY 

Division of General Motors, Kokomo, Indiana 
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Light Isolates 
Amplifier Stages (A) 

Optically-coupled device 

promises more accurate 

measuring instruments 

By LAURENCE D. SHERGALIS 
Regional Editor 
San Francisco 

PALO ALTO, CALIF.-Electrical 
isolation of input from output has 
been achieved with a relatively sim­
ple solid-state device that uses op­
tical coupling. Developed at Hew­
lett-Packard Associates, the device 
is a four-terminal network that elec­
trically isolates input from output 
while retaining the characteristics of 
conventional transistors, Fig. IA. 
H-P Associates did the background 
work on the device under an Air 
Force contract for advanced func­
tional block development in which 
the light emitting characteristics of 
the gallium-arsenide mesa diode 
were investigated. Now, the diode 
has been combined with a photo­
transistor. Results of this work will 
be reported in a paper, "An Opti­
cally Coupled Amplifying Device" 
by Dave Earle and Richard Soshea 
at the Electron Devices Meeting 
this week. 

Basically, the device consists of 
a gallium-arsenide mesa diode 
mounted on a silicon phototransis­
tor. Two methods are used to cou­
ple the two units . In one scheme, 
Fig. 1 B, the p-layer of the diode is 
very thin. Thus, the distance from 
the light-emitting junction to the 
phototransistor is very small. The 
problem is in controlling this thick­
ness, which can be of the order of 
only a few microns. Also the con­
tacting surface is made in a screen 
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form . Using this type of construc­
tion, a light energy peak at 1.41 
electron volts can be observed and 
utilized. This peak is absorbed in 
gallium-arsenide if the material is 
thicker than a few microns. 

Although the effect is strong, the 
excitation mechanism isn't really 
understood. Light can be readily 
seen at liquid-nitrogen temperatures. 
But H-P is striving to produce a 
device that will be useful at room 
temperature. Thus, unless the thick­
ness of the p-layer is made small, 
another method must be used. 

The 1.41-ev light peak can be ig­
nored and a 1.37 electron-volt peak, 
obtained from zinc-doped material, 
may be used . This peak, while not 
as strong as the 1.41 peak, may be 
observed at room temperature and 
is not absorbed in the gallium­
arsenide material. Therefore, the 
diode is turned over and the n-layer 

100 

1,200 

IN 

.______.,I~ 
(Bl 

(Al 

1.41 ev 

DIOD E 

EMITT ER 

PH OTOTRA NSISTOR 

(Bl 

1.37 ev 

DIOD E 

EMITTER 

PHOTOTRANS ISTOR 

(Cl 

BASIC light amplifier circuit (A). 
Two methods are used to mount 
gallium arsenide diode to silicon 
phototransistor. (B) gives higher 
gain but requires more precise man­
ufacturing tolerances. (C) uses light 
energy peak t hat is not absorbed in 
the diode and is visible at room tern· 
perature, Fig. 1 

RL 
10- 1,000 OUT 

20V 

11 

T f T 
(C) 

TYPICAL amplifier circuit (A). Load resistance RL is kept to a minimum to 
increase operat ing speed. Applications include simple relay (8) and OR 
relay (C), Fig. 2 
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Displays in digital readout any angular displacement from 
a remotely located synchro transmitter. Very useful for 
computer groups and systems engineers for develop­
mental experimentation and substantiation. 

Accurate and rugged. Removable face allows modifi· 
cation to your own panel requirements. Miniature ver­
sion available. 

Contact any of our local offices or representatives. 

APPLICATIONS 

• Gyro Alignments 
• Vector Analysis of Many Circuits 
• Servo Loop Analysis 
• Ground Support Equipment 

c 
QUALITY PRODUCT 

SPECIFICATIONS 

• SllWlnc speed 25° /uc. 
e Accur11cy :t 6 minutes sl:lnd1rd. Hiiiier 

1ccur11cy 1nll1ble on s111cl1I order. 

• R11111t1blll1J :t 1.0 minute. 

• ur-2000 hours minimum with 
scheduled m1inten1nce. 

• Shock-Built to withstlnd 1pplie1ble shocll and 
vibntion environments without d1m1g1. 

• Stlnderd p1nel mounting. 

e Power--25 VA @ 115 V 400. 

• Choice of synchro or potentiometer. 

• •Choice of single, two-spffd, or duel inputs. 

• 
0 Auxili1ry synchro or potlntiometer mar 
be included up to size 15. 

*Not available in miniature version 

CLIFTON PRECISION PRODUCTS CO., INC. 
CLIFTON HEIGHTS, PA. 

MAIN SALES OFFICE: 5050 STATE R.D., DREXEL HILL, PA . • 215 MA 2-1000 • TWX 215 623-6068 
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WJlll110 
aa BUSINESS 
Wl1H1HE 
OOllERlllfEll1 ?? ??? ?? 
Then check the Military and Government Procurement 
Guide in the orange section of your ELECTRONICS Buv -
ERS' GUIDE. 

placed in contact with the phototran­
sistor, Fig. lC. 

One disadvantage of this type of 
construction is that light is lost and 
overall gain of the device is less. 
But because of the ability of the de­
vices to work at room temperature 
and the relative ease of fabrication, 
most of the experimental work has 
been carried on with units con­
structed in this way. 

Efficiency-Light output varies with 
current to the diode. The authors 
say they are still conducting experi­
ments to determine ways to achieve 
a linear relationship between cur­
rent in and photons out. Conversion 
efficiency, they find, is dependent 
upon both current level and tem­
perature. Another factor in deter­
mining efficiency is the difference in 
index of refraction of the gallium­
arsenide material and the material 
through which the light passes upon 
leaving the diode. Index of refrac­
tion of the gallium arsenide is 3.5, 
and the high reflection at the sur­
face makes it difficult to get light 
out. A very narrow critical angle­
only 16 degrees-has been found. 
Light hitting the surface head on­
at 90 degrees-suffers a loss of 
about one-third due to reflections. 

The trick, say the authors, is to 
fill the space between the diode sur­
face and the phototransistor with a 
material having an index of refrac­
tion approachin~ that of gallium­
arsenide. Various potting materials 
and glasses are being tried. 

Phototransistor-This is a conven­
tional silicon unit with very high 
beta. Betas of the order of 500 to 
1,000 are being used. This require­
ment puts tight tolerances upon the 
manufacturing processes. Presently, 
the phototransistor is the limiting 
factor in the speed of the amplifier. 

Speed of operation-Two factors 
influence speed of operation. There 
appear to be a high lateral resistance 
in the base and a parallel capaci­
tance between the base and emitter. 
A solution to this problem is being 
approached by designing various 
emitter configurations. A stripe and 
a vee shape are being tried. 

Collector-base capacitance influ­
ences speed of operation also. While 
it is only a few picofarads, it is 
multiplied by the beta of the photo-
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transistor in this type of operation 
and becomes a major factor. This 
capacitance plus the load resistor 
form an RC network with a finite 
time constant. Load resistance 
values are held to a minimum. 

Characteristics - Combining the 
pair, some preliminary tests show a 
current gain of about 0.5 to 2.0, 
with a 100-ohm load resistance. 
Voltage gain is about 2.5 to 11 and 
power gain is about 1.5 to 22. Cut­
off kequency is about 250 kc at 3 
db down. Work is continuing to 
extend cutoff frequency by a factor 
of 3 or 4. Current-carrying capacity 
is limited by the thermal character­
istics of the transistor. Total har­
monic distortion from zero to 500 
kc is about 3 percent, and needs to 
be improved by a factor of 10 to 
100. 

Applications-Work on the· opti­
cally-coupled amplifier, Fig. 2A is 
now product oriented, on applica­
tions where no interaction between 
input and output is desired. Hew­
lett-Packard is interested in the de­
vice for measuring instruments. 

Some interest has also been 
shown for telephone applications to 
replace certain types of relays. A 
few test circuits have been tried, 
including a simple relay, 2(B) OR 
relay, 2(C) and various con­
figurations of choppers. Because 
of the high speed of this device, it 
may replace neon photoconductor 
devices and relays. The amplifier is 
still in the laboratory stage. 

Airspeed Transducer 

For Gemini Paraglider 

-0..·-
FAIRCHILD Controls' TP-350 Air· 
speed Transducers will provide pre­
cise airspeed measurement during 
the descent phase of Gemini flights. 
A new landing system, employing a 
Rogallo type paraglider, is planned 
for Gemini to assure the spacecraft's 
maneuverability during landing op­
erations where anticipated airspeed 
is between 25 and 75 knots. 
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Attend the greatest annual show in 
the electronics industry 

from February 7 to 12, 1964 

Paris, Porte de Versailles 

INTERNATIONAL 
SALON 
OF 

COMPONENTS 

ELECTRONICS 
All components, tubes 
and semiconductors, 
measuring and control 
and electro-acoustic 
devices ..• 

For oil information 
and forms : 

S.D.S.A. 23 RUE DE LUBECK 
PARIS 16: (TEL.) PASSY 01-16 
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--PRODUCTION TECHNIQUES-----------

Wires Cut Crystals Accurately 

Slurry and moving 

wires do precision 

slicing and dicing 

By E. H. LEDERER 
Semiconductor Products Dept. 
General Electric Co. 
Syracuse, New York 

WIRE OR ROPE has been used, 
with abrasive slurry, to cut hard 
materials such as stone since the 
building of the pyramids. Now that 
wire with extremely high tensile 
strength is available, the method 
can be used for slicing and dicing 
semiconductor crystals, and for 
cutting glass, quartz, ceramics, car­
bides and sapphire. 

While wire cutting is much slower 
than diamond-saw cutting (it takes 
a wire two hours to cut through a 
!-inch-diameter crystal) , surface 
finish of 10 microinches rms and 

taper tolerances less than 0.005 
inch per inch of cut can be realized. 
Gentle action and smooth edges with 
little corner chipping are other de­
sirable features. Multiwire cutting 
helps compensate for the slowness. 

Cutting Method-Generally a tung­
sten wire 0.005 to 0.007 inch in 
diameter is pulled under tension 
over the work piece at a rate of 
approximately 200 ft/min . An 
abrasive slurry of silicon carbide 
(600 to 800 grit) in oil is applied 
to the work piece and wires. The 
motion of the wire draws imbedded 
abrasive across the work. 

Special orientation mounting fix­
tures are used to accurately posi­
tion the work below the wires. 

The work is attached to a mount­
ing plate with a cement that sets 
up hard and brittle and is readily 
cut. This plate is clamped in place 
beneath the wires. The work is di­
rected against the wires with a force 
of about 20 gms/inch of wire. The 

~" \WORK SUPPORT 
ARM PIVOT 

WORK SUPPORT 
ARM LOADING 
WEIGHTS 

WIRE CUTTER designed and built by GE. A. 1/20-hp gear-reduction motor 
drives the system 
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TAKE UP 

WIRE STORAGE 
CARRIAGE 

FEED 

WIRING LOOP reverses direction 
after running its full 10 meters in 
one direction. Photo shows semicon­
ductor ingot in position for multi­
wire cut 

cutting speed through the work un­
der the above conditions is approxi­
mately t to t inch/ hr. 

Wire Carriage-To conserve wire 
(which costs 2.5¢/meter) it is run 
in one direction for a distance of 
10 meters, reversed and rerun . 
While this alternating procedure is 
taking place, the used wire is taken 
up at a rate of 2 meters/ min. 

A carriage system provides wire 
storage to permit running in alter­
nate directions while still feeding 
in and taking up used wire at a con­
stant velocity. Wire is stored be­
tween the eight pulleys on the ends 
of the machine and eight more on 
each side of the carriage. 

The slurry wears out the multi­
grooved wire guide rollers in ap­
proximately 4 hours of use. Roller 
cost, depending on material , quan­
tity and accuracy required, may 
vary from $15 to $150 each. Hard­
ened stainless steel (RC 50-55) 
proved most economical. European 
tungsten wire performed best. 
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The Two-Way Product Locater 

* * * Most products advertised in the ELECTRON­

ICS BUYERS' GUIDE are listed twice for your 
convenience . After the Product Heading, ad­
vertising page numbers appear where ap­
propriate (when adveJ"tisements of one kind 
are grouped together "in the book). Next to 
the individual product listing, the page num­
ber of associated advertising material is 
cited. Thus you can locate all of the adver­
tisements for a particular product category, 
or any specific advertisement, quickly, accu­
rately, and conveniently. Keep your ELEC· 

TRONICS BUYERS' GUIDE close to your work 
area at all times. 
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A.C. OR D.C. SMALLEST 
VANEAXIAL BLOWERS 

Only 1 Va" in diameter by a maximum 1 %" long, these smallest 
blowers move 10 cfm of air against 0.6" H10 back pressure! 
Use these rugged sub-miniature blowers for spot cooling of 
critical components where space is cramped and weight is 
important. 

VAX-1 blowers operate on 26 v.d.c. or less, or 26 v.a.c., 
400 cycles. Weight is 1.4 ounces. Mounts with standard servo 
ring clamps. (Globe makes larger blowers also.) Request Bui· 
letin XAV from Globe Industries, Inc., 1784 Stanley Avenue, 

Dayton 4, Ohio. ~.s·· 
°' AC 

GLOBE ~-6• 
INDUSTRIES, ~ ·4• 
INC. ~ ·2• DC .. 

< 
:;; elm 8 10 12 14 
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exclusively 
for 

industry 

ask for 

:;;;ALLIED INDUSTRIAL 
CATALOG 640 

540 PAGES• COMPLETE INDUSTRIAL ELECTRONICS CATALOG FOR 
THE SPECIAL USE OF PURCHASING AGENTS AND ENGINEERS 

• World's Largest Stocks of Electronic Components 
• Same Day Shipment • Factory OEM Prices 

lor FREE copy, check reader service card or write direct 

ALLIED ELECTRONICS 
subsidiary of ALLIED RADIO CORPORATION 

100 N. Western Ave., Dept. 80-L, .Chicago 80, Ill. 

For separate Catalog No. 230 fearortng hi-fi, 
ai..... build-your-own kits, home tape recording, hom gear, 
~ etc., write directly to Allied Radio, 

Dept. AX, 100 N. Western Ave., Chicago 80, Ill. 
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Control Engineers' 
in your field • . • 

Electronics and 
helps you keep ahead 
The Book Club 

• savings at a 

Start your membership with any 
of these selections: 

I 
I 
I 

Electronic Switching, Tim­
ing, and Pulse Circuits by 
J . M. Pettit. Provides a 
practical understanding of 
operation of complex cir­
cuits. 

Publisher's Price, $8.50 
Club Price, $7 .25 

Information Transmission , 
Modulation, and Noise b y 
M . Schwartz. A unified ap­
proach to communication 
systems. 

Publisher's Price, $12.50 
Club Price, $10 .65 

Mathematics for Electronics 
with Applications by H. M . 
Nodelman and F. Wf . Smith, 
Jr. Methods for solving 
practica l problems. 

Publisher's Price, $7.00 
Club Price, $5.95 

Digital Computer and Con­
trol Engineering by R. S . 
Ledley. Full coverage from 
basic electronic design t o 
advanced programming tech­
niques. 

Publisher's Price, $14.50 
Club Price, $12.35 

Modern Transistor Circuits 
by J . Carroll. Presents al­
most 200 modern transistor 
circuits in 101 separate 
articles. 

Publisher's Price, $10.00 
Club Price, $8.50 

Magnetic Recording Tech­
niques by W. E. Stewart. 
Full description of magn etic 
recording methods and de­
vices. 

Publisher's Price, $9.00 
Club Price, $7 .65 

Wave Generation and Shap­
ing by L. Strauss. E ssential 
features and techniques of 
practica l wave-generating 
and shaping circuits. 

Publisher's Price, $12.50 
Club Price, $10.65 

Your engineering career owes a great deal 
to books. Why not take advantage of this 
convenient, economical way to have the 
best professional books available when you 
need them ? THE ELECTRONICS AND CONTROL 
ENGINEERS' BOOK CLUB brings you the es­
sential technical literature in your field. It 
also helps you overcome today's high cost 
of building a professional library by saving 
you an average of 15% from publisher's 
prices. 

How the Club Operates. You regularly 
receive free of charge The Electronics and 
Control Engineers' Book Bulletin. This 
gives complete advance notice of the next 
selection -of-the-month, as well as many 
alternate selections. If you want the main 
selection you do nothing; the book will be 
mailed to you. If you want an alternate se­
lection-or no book at all-you can notify 
the Club by returning the convenient card 
enclosed with each Bulletin. 

Saves You Time and Money. You agree 
only to the purchase of three books in a 
year. Certainly out of the large number of 
books in your field offered in any twelve 
months there are at least three you would 
buy anyway. By joining the Club you save 
both money and the trouble of searching. 

Send No Money Now. Just check the book 
you want as your first se lection on the 
coupon below. With it you will be sent 
Transistor Circuit Design for only 
one dollar. Take advantage of this offer 
and receive two books for less than the 
regular price of one. (If coupon is de­
tached, write to The Electronics and Con­
trol Engineers' Book Clt1 b, Dept. L-11-1 , 
330 W . 42nd St. , New Yo-rk , N. Y. 10036. 

I THIS ACCEPT 
BIG, 

$15.00 
NEW 
BOOK 

FOR 
ONLY 

with memberahlp In 

The Electronics and 

Control Engineers' 

Book Club 

TRANSISTOR CIRCUIT DESIGN 

Prepared by rhe Engineering Sraff 
of Texas Instruments Incorporated 

Here's a practical reference th a t can ease 
your tran sistor circuit design work. It brings 
you a wealth of data and facts JJrepared by 
the engh1eering staff of Texas Instruments, 
Inc. Reflecting the combined knowl edge and 
experience of 32 expert circuit design engi­
nee rs, this book makes conveniently available 
the actual design procedures and circ uits 
most often requested from Texas Intruments. 

Transistor Circttit Design is typical of 
the selections of THE ELECTRONICS AND CON­
TROL ENGINEERS' BooK CLUB. All books are 
chosen by qualified editors and consultants. 
Their thoroughgoing understanding of tbe 
standards and values of the literature in your 
field guarantees the authoritativeness of tbe 
selections. 

{

NOTE: lt you already own thl8} 
volume, you may substitute any 
other book on this page as your 
DOLLAR book. Check two books 
below and you wLll receive the 
higher priced selection for only 
$1.00. 

CLIP AND MAIL THIS COUPON TODAY 
The Electronics and Control Engineers' Book Club, Dept. L-11-1 
330 West 42nd Street, New York, N. Y. 10036 
Please enroll me as a member of The Electronics and Control Engi­
neers' Deok Club. You will bill mti for my first selection indicated 
at right a.t the special club vrlce an@ $ l for Tran sistor Circuit 
Oesion (or alternate choice). plus few cents delivery costs. (The 
Club a ssumes this charge on prepaid orders.) Forthcoming selections 
will be described in adva.nce and I may decline any book. I n eed 
take only S selections or alte1nates 1n 12 months of membership. 
(This offer aood In U. S. only.) 

PLEASE PRINT 
Name ················•••••••••••••••••••••••••••••··············· 

Address •.••••••••••••••••••••••••••• • •• • ••••••• • • • • • • • • • • • • • • • • • • 

City . ... .... ................ State ............. Zip Code ........ .. 

Send as my first selection: (If 
more than one book is checked we 
will send the higher priced selection 
as your $1.00 book.) 

O Electronic Swltchlnv, Timing, and 
Pulse Circuits, $7.25 

O Information Transmission~ Modula. 
tion. and Noise, $10.65 

D Mathematic• for Electronics 
Applications, $5.95 

with 

O Dlaltal Computer and Control Enal­
neerlna, $12.35 

D Modern Transistor Circuits, $8.50 

O Mavnetic Recording Techniques, $7.65 

Company .. .. • • .. .. • .. .. .. • .. • .. .. .. .. .. . .. • .. . .. . .. .. .. .. . .. . . . .. O Wave Generation and Shaping, $10.65 

NO RISK GUARANTEE: 
If not completely satisfied. you ma.y return your first shipment within 10 daya 
and your membership wUl be canceled. L -11 -1 

!.!============·--------------------------------------
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NEW PRODUCTS 

Camera Aids Transient Studies 
Diagnostic instrument 

has 5 nsec to 200 nsec 

exposure ti me 

IMAGE CONVERTER camera 
model lD is designed to aid studies 
of high-speed luminous transient 
events in plasma physics, lasers, ex­
ploding wires and hyperballistics. It 
provides both streaking and framing 
operation through the use of inter­
changeable plug-in units. Three 
frames per event are obtained at ex­
posure times adjustable from 5 nsec 
to 200 nsec, w.ith independently ad­
justable framing intervals between 
5,000 and 20 X 106 exposures per 
second. Streak writing rates range 
from 1,000 mm/ µ,sec to 0.25 mm/ 
µ.sec. Both framing and streak oper­
ation can be altered through optics. 

According to the manufacturer, 
the camera has a 50-times light gain 
that makes possible the study of low­
luminosity events at nanosecond 
exposure times. This corresponds to 
an energy transfer efficiency at least 
300 times better than a rotating­
mirror camera and 1,000 times 
better than a Kerr-cell unit. 

Unit can be either optically or 

electrically triggered and can record 
images on either Polaroid or stand­
ard cut film. The double-coated 
rear lens has maximum transmission 
matched to the 4,500 angstrom 
spectral response of the phosphor, 
and provides uniform illumination 
anywhere on the image size. 

Device's unusual performance is 
made possible by converting the 
luminous image to an electron 

JACCELERATING ELECTRODE 

FILM 

image. Shuttering, focusing, image 
deflection and light amplification are 
then performed by electronic and 
pulse techniques applied to elec­
trodes inside the image converter 
tube. Interchangeable tubes permit 
responses from ultraviolet to infra­
red. STL Products, Div. of Space 
Technology Laboratories, Inc., 139 
Jllinois St., El Segundo, Calif. 
CIRCLE 301, READER SERVICE CARD 

Receiver Corrects Internal Phase Shift 
CONTINUOUS and permanent rec­
ord of correlation between plant or 
laboratory frequency standards and 
National Bureau of Standards ref­
erenced very-low-frequency trans­
missions is obtained with model 

SQUARING AMPL 

electronics November l, 1963 

3004 A vlf receiver and phase 
comparator. Unit is optionally fixed 
tuned to 16, 18, 20 or 60 kc fre­
quency standard transmissions, and 
provides no-knob, unattended oper­
ation. 

FREQUENCY 
DIVIDER 

AMPU• 
TUDE 
OUTPUT 

PHASE PHASE 
COMPARATOR OUTPUT 

According to company engineers, 
the receiver allows improved de­
pendability and lower maintenance 
costs by using a solid-state electrcnic 
translation filter, rather than a 
mechanical servo for phase tracking. 
Moreover, a unique phase-shift cali­
bration system effectively cancels 
out internal phase shift. The phase 
comparator provides an output 
voltage bearing a linear relationship 
to the phase difference between a 
signal derived from the monitored 
frequency standard and that from 
the NBS referenced vlf standard. 

Model 3004 B will simultaneously 
receive any two vlf transmissions 
from a single antenna with two-fre-
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Haw high is 
yaur gaal? 
Ours are out of sight in 
the labyrinth of space. 
But your opportunities 
are a tangible reality, 
here and now at North 
American's Space and 
Information Systems Di­
vision. Trained, creative 
engineering minds, attuned to . 
the research, development and ' 
production of manned space­
craft, large booster systems, in­
flatable winged recovery systems 
and missile weapon systems will 
find fertile fields to grow in at 
S&ID. 

ADVANCED INTELLIGENCE SYSTEMS 
This group is engaged in devel­
oping advanced intelligence 
systems concepts, in evolving 
techniques applicable to ad­
vanced design, and performing 
analytical studies to ascertain 
preliminary configuration of 
these systems. 

Several creative research and 
.- engineering positions, as well 
~ as high level supervisory posi­

tions, are available in the fol­
lowing areas : 

DATA COLLECTI ON SYSTEMS 
Sensor and multi-sensor sys-

. terns, both conventional (photo, 
infrared, radar, electronic 
devices, T.V. etc.) and noncon­
ventional (seismic devices). 

SYSTEMS SYNTHESIS 
Evolving complete systems con­
cepts, from data collection to 
data transfer and display. Em­
phasis on data collection for 
aerospace and ground opera­
tiens (mobile and fixed). 

If you have experience in sys­
tems synthesis, reconnaissance 
intelligence, sensor systems, or 
indicator analysis and have a 
technical degree (preferably 
advanced) please contact: 

Mr. P. L. MALLOJ 
DEPARTMENT 020 

ENGINEERING AND 
SCIENTIFIC EMPLOYM ENT 
12214 LAKEWOOD BLVD. 

DOWNEY, CALIFORNIA 
•, All qualified applicants will receive 

consideration for employment without 
regard to race, creed, color, or national 
origin. 

quency tailored response. Price : 
model 3004 A, $2,500; model 3004 
B, $4,000. Develco, Inc., 440 
Pepper St., Palo Alto, Calif. 
CIRCLE 302, READER SERVICE CARD 

RFI Analysis System 

Meets MI L Specs 

SYSTEM CONSOLE for specialized 
measurement and analysis of con­
ducted and radiated r-f interference 
is available. Primary function of the 
system is to provide a means of dis­
playing and measuring repetitive 
r-f interference in the presence of 
non-coincident, synchronous and/ or 
random rfi signals. The detected 
signals may be displayed on a dual­
beam oscilloscope with a long-per­
sistence crt. One beam is intensity 
modulated to display the raster 
presentation, the second beam dis­
plays a monitor signal from the 
suspected source. The interfering 
source is then identified when a 
correlation is noted between these 
displays. Among system equipments 
are r-f preamps covering from 0.150 
to 1,000 Mc, and a wideband am­
plifier which spans 1.5 kc to 1.6 Mc. 
Electro International, Inc., Box 
391, Annapolis, Md. (303) 

Tape Punch Set 

Features Data Storage 

HIGH-SPEED perforated tape punch 
set, designed to accept output in­
formation from a digital voltmeter 
or electronic counter and convert it 
to a permanent, computer-compat-

HOW TO 
USE 
YOUR 
EtEt:TRONlt:S 
BUYERS• 
llUIDE 

Advertising 
Product 

Sections 

Advertisements in the ELEC­

TRONICS BUYERS' GUIDE are 
grouped together according to 
the kind of product adver­
tised. All Power Supply ad­
vertisements, for example, will 
be found in the same section 
of the book. Thus it is made 
convenient for you to "shop" 
through the specifications pre­
sented to you by advertisers, 
without having to flip pages 
back and forth constantly. 
Keep your ELECTRONICS BUY­

ERS' GUIDE close to your work 
area at all times. 

* 
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ib1e record is available. The DY-
2545 automatically punches at a 
110 character per sec rate, normally 
in IBM 8-level code. Data storage 
during punching permits fast data 
sampling when used in data acquisi­
tion systems with scanners. Simul­
taneous printer readout is optionally 
available. Ease of operation and 
maintenance are highlighted in the 
tape punch set. The DY-2545, in­
cluding BRPEl 1 punch, is priced at 
$3,900. Dymec, a division of 
Hewlett-Packard Co., 395 Page Mill 
Road, Palo Alto, Calif. (304) 

C-W Gas Laser Has 

Variable Light Beam 

NOW AVAILABLE is model 720 c-w 
gas laser, which provides a coherent 
source of c-w power at 0 .6328 
micron. The light beam is emitted 
from both ends of a 30-in. quartz 
discharge tube, and is continuously 
variable up to 3.5 mw. Simple sub­
stitution of the Brewster angle quartz 
confocal mirrors make it possible to 
operate the unit at 1.5 micron and 
3.39 microns. Audio modulation of 
the beam is provided through the 
power unit for communication ex­
periments. A simple microphone in­
put can be used to amplitude modu­
late the laser beam; which, when 
detected by an optical detector, such 
as the model 361 , can be used to 
transmit speech or music. Maser 
Optics, Inc., 89 Brighton Ave., Bos­
ton 34, Mass. (305) 

D-C Amplifier Offers 

High Gain Linearity 

MODEL AMS-47 d-c amplifier uses 
a 10-kc drive frequency in the 
chopper circuit to produce a fast 
signal output rise time and a 3,000-
cps bandwidth. Complete isolation 
between input and output is pro­
vided. Sufficient feedback is used 
in the carrier amplifier to insure a 
high degree of gain linearity. Air­
pax Electronics Inc., Fort Lauder­
dale, Fla. (306) 
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VERSATILITY IN 

LIGHT 

MEASUREMENT 

MONOCHROMATIC SPECTRUM 
MEASUREMENT 

LASER GALLIUM 
AR SENIDE 

WAY ESH APE 
Rise time 
Fall Time Yes Yes 
Duratton 
Amplitude 

Average 
Power (watts) Yes Yes 

Energy (joules) Yes Yes 

CMROMATIC 
SPECTRUM 

Yes 

*Can be calculated within spectral response capabilities. 
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SD-100 SILICON 

PHOTODIODE offers this 

unique combination of advantages 

(t) FAST RESPONSE/ Rise time: 4 x 10·9 se 
Fall time: 15 x 10-9 se 

(2) WIDE SPECTRUM 0.35 to 1.13 microns 

(3) HIGH SENSITIVITY 0.25 mlcroamps pe 

(4) LOW NOISE 1 x 10-12 watts • (cps)·'/2 

(6) WIDE DYNAMIC RANGE 0.1 amp to 

Applications: receiving equipment for 
and injection laser systems; measurem 
modulator and pulsed light sources; 
ments of light intensity and wave fo 
tection of color changes. 
For full information on UTE-MIKE and SD-
100 photodiodes, contact: Marke g Dept., 
EG&G, 176 Brookline Ave., Bosto 15, Mass. 

Compact (10" high) 
and lightweight, the 
EG&G LITE-MIKE has 
built-in controls for 
sensitivity and balanc­
ing of ambient light. 
Head is swivel-mount­
ed for ease of align­
ment with source. 

EDGERTON, GERME HAUSEN & GRIER 
1007 BOSTON • LAS V GAS • SANTA BARBARA 
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ARNOLD: 
WIDEST SELECTION OF 
MO-PERMALLOY POWDER CORES 
FOR YOUR REQUIREMENTS 

For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores ... 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260" to 5.218" OD. 
Standard permeabilities are 14, 26, 60 
and 125 Mu, and the high permeabil­
ity range includes cores of 147, 173 
and 205 Mu. 

In addition to pioneering the de­
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in­
sures its uniform physical and mag­
netic properties. This big core is also 
available in 14, 26 and 60 Mu. 

High-permeability cores up to 205 
Mu are now available in most sizes. 
These cores are specifically designed 
for low-frequency applications where 

the use of 125 Mu cores does not re­
sult in sufficient Q or inductance per 
turn. They are primarily intended for 
applications at frequencies below 
2000 cps. 

Most sizes of Arnold M-PP cores 
can be furnished wit:h a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci­
fication of - 55 to +85°C ... another 
special Arnold feature. 

Graded cores are available upon 
special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of + 
or - 8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 

Let us supply your requirements for 
Mo-Permalloy powder cores ( Bulletin 
PC-104C) and other Arnold products. 

ADDRESS DEPT. E-11 

~~!!;~GQ~.!?. 
THE ARNOLD ENGINEERING COMPANY, Mein Office: MARENGO, Ill. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
1!_87RID 
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-LITERATURE OF 

MAGNETIC CORE TESTER Computer Test 
Corp., Route 384 Longwood Ave., 
Cherry Hill, N . J. Technical bulletin 
describes a bench-top magnetic core 
tester with 8-step current pulse pro­
gramming. 

CIRCLE 360, READER SERVICE CARD 

BALUNS Spectran Electronics Corp ., 146 
Main St., Maynard, Mass., offers a 
technical bulletin and catalog she·ets 
on baluns for low frequency instru­
mentation. (361) 

PERFORATED TAPE READER Cook Electric 
Co .. Data-stor Division, 8 l 00 Monti­
cello Ave., Skokie, Ill. Brochure DSD­
SR-20 contains specifications and oper­
ating characteristics of model 54 per­
forated tape reader. (362) 

GLOW LAMP APPLICATION Signalite, Inc., 
Neptune, N. J .. is offering a periodic 
12-page application newsletter devoted 
to better circuit design through the 
use of neon glow lamps. (363) 

TUBE SHIELDS Cinch Mfg. Co., 1026 
South Homan Ave.. Chicago, Tll. 
60624 . Catalog CM-37 is devoted to 
a line of military type heat dissipating 
tube shields. (364) 

PANEL TESTER Reliance Electric and En­
gineering Co., 24701 Euclid Ave., 
Cleveland 17, 0., has released bulle­
tin H-9003 explaining the operation 
of a portable tester for solid state elec­
tronic panels. (365) 

ANTENNAS General Electric Co., 100 
Plastics Ave., Pittsfield, Mass. A 20-
page illustrated brochure (GED-4923) 
describes GE's antenna design, develop­
ment and manufacturing capabilities 
and facilities. (366) 

CABLES Rome Cable Division of Alcoa, 
669 Alcoa Building, Pittsburgh 19, 
Pa. Military and electronic design 
engineers will benefit from a new man­
ual, "Instrumentation Cables, Cable 
Assemblies and Hook-up Wires" . (367) 

ENCODER / READOUT SYSTEMS Vernistat 
Division, Perkin-Elmer Corp., Main 
Ave., Norwalk, Conn. Brochure 5E4 
covers a complete line of one brush 
digital encoder and readout equipment 
used for monitoring and control. (368) 

MOISTURE SENSOR Atlantic lnstruments 
& Electronics. Inc., 103 N . Beacon 
St.. Boston 34. Mass . Bulletin " 00 
explains the operation and applicatirn s 
of the Hygristor electronic moisture 
sensor. (369) 

TRANSISTOR POWER MODULES Deltron 
Inc., Fourth and Cambria Sts., Phila­
delphia 33, Pa. Bulletin describes the 
PI series of highly regulated, modul ar 
plug-in transistor power supplies. (370) 
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THE WEEK---

SOLID-STATE COUNTERS Anadex Instru­
ments inc., 7617 Hayvenhurst Av~ .. 
Van Nuys, Calif., announces av:.11 
ability of a six-page solid-state cou1 iL 1 
catalog. (371) 

MICROWAVE CATALOG PRD Electronics, 
Inc., 202 Tillary St., Brooklyn 1, N.Y. 
Short form catalog features a complete 
line of microwave and electronic test 
equipment. Request on company letter­
head. 

TAPE TRANSPORT S-I Electronics, Inc., 
103 Park Ave .. Nutley 10, N.J. Model 
DX-01 rapid start-stop tape transport, 
for reading pre-recorded tapes in air­
borne and all vehicular applications, is 
described in a specification sheet. (3 73) 

INTEGRATED CIRCUITS Signetics Corp., 
680 West Maude Ave. , Sunnyvale, 
Calif., has published an 8-page con­
densed catalog devoted to integrated 
circuits. (374) 

MICROWAVE COMPONENTS Radar Design 
Corp., Pickard Drive, Syracuse 11 , 
N.Y. New catalog describes microwave 
test components avai lable for off-the­
shelf delivery. (375) 

SOLDER JOINTS Alpha Metals, Inc., 56 
Water St., Jersey City 4, N .J. An il­
lustrated technical bulletin on inspec­
tion and quality control of solder 
joints is available. (376) 

DATA/LOG Litton Industries, Electron 
Tube Division, San Carlos, Calif., has 
available new and revised color-coded 
data sheets for insertion in the Litton 
Data/Log file. (377) 

SILICON RECTIFIERS Allis-Chalmers, Mil­
waukee, Wisc. 53201. Design and con­
struction features of single-package 
general-purpose silicon rectifiers are 
described in bulletin 12CI 635. (378) 

RECORDING SYSTEM ACCESSORIES Brush In­
struments, division of Clevite Corp., 
37th and Perkins, Cleveland, 0., 44114. 
Catalog sheet 1750 describes the line 
of accessories and supplies for a series 
of recording systems. (379) 

POWER SUPPLIES SBD Systems, Inc., 90 
Rome St., Farmingdale, N.Y. Brochure 
describes design and manufacturing 
capabilities for custom MIL spec 
power supplies. (380) 

INTERFERENCE FILTERS RF Interonics, 
Inc., 15 Neil Court, Oceanside, N.Y. , 
has released bulletin 3609 on the 
RF! 100 series of high insertion loss, 
reduced size, cylindrical interference 
filters. (381) 

RMS VOLTMETER/ AMPLIFIER: B&K In­
struments, Inc., 3044 West 106th St., 
Cleveland 11, 0., announces an 8-
page specification sheet on the models 
2603 and 2604 rms voltmeter/ ampli­
fiers. (382) 

SUBMJNIATURE CONNECTOR Sealectro 
Corp., 139 Hoyt St., Mamaroneck, 
N.Y. A subminiature connector with a 
low-pass filter installed in one end of 
the connector body is described in data 
sheet CX-1. (383) 
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THE EXTRA MEASURE OF JULIE IS 

PRECISION 
Create a new philosophy of DC measurement. Make it accurate, 
stable, reliable, simple ... and guarantee it. Develop a system 
that does this •.. and call it RATIOMETRY. Then build the com­
ponent hardware necessary to make it work with one part per 
million accuracy. That's the extra measure of Julie ... precision. 
The Julie RATIOMETRIC™ System of Calibration promises 1 ppm 
accuracy and delivers it. Perhaps it's old-fashioned thinking, but 
equipment should perform to specifications without excuses, 
double-talk or cumulative error. Check Julie specs •.. examine 
them carefi.rlly. Just write or call collect for details of the system 
and how to institute your own DC primary standards laboratory. 

Julie portable 
DC primary standards 
laboratory: PRB-205 
Primary Resistance 
Bridge, PVP-1000 Primary 
Voltage Potentiometer, ND·106 
NUii Detector, VDR·106 10• 
Voltage Divider. 

JULIE RESEARCH 
LABORATORIES, INCORPORATED 
211 West 61st Street, New York, N. Y. 10023, 212·Cl·5·2727 

QID 
@ Julie Research Laboratories, Inc., 1963 
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---PEOPLE AND PLANTS---------------

Dwight H. Chambers, operations vice president, 
stated that the total plant with additional machinery 
installed will be a $1.25-million facility. Increased 
manufactur ing capability will allow a much higher 
percentage of "in house" processing than previously. 
National Connector will have the latest automatic 
processing and inspection equipment available, says 
Chambers. A new environmental testing laboratory 
will also be installed. 

NCC Expanding Plant 

National Connector is situated on 9112 acres of the 
Science Industry Center in suburban Minneapolis 
which will allow expansion to 120,000 square feet at 
this site . The company now employs 250 people. 

When National Connector entered the connector 
manufacturing field three and a half years ago it ranked 
l 87th in a list of 187 competitive firms. Today, 
according to sales vice president F. Lewis Cahill, it 
ranks in the top 10 for printed-circuit connector sales. 

NATIONAL CONNECTOR Corporation will almost 
triple its manufacturing facilities by January 1, 1964, 
announced Leonard E. Lindquist, president. 

First step in this expansion plan is an addition to the 
present plant (shown by dotted line at left in sketch), 
to increase floor space from 20,000 to 55,000 square 
feet. Part of the addition is now being occupied and 
the entire new plant will be in full production by 
January 1. 

In the first five months of 1963, National shipped 
connectors to 50 different companies. While most of 
this business is from computer manufacturers, the 
nation's aerospace programs are closely involved . 
National's connectors are used in the Gemini, Polaris, 
Minuteman, Apollo, and Nike-Zeus projects and in 
many other space applications. 

Garner Moves Up at 

Stromberg-Carlson 
JOHN E. GARNER has been appointed 
director of government marketing 
for Stromberg-Carlson, Rochester, 
N.Y., a division of General Dy­
namics. In his new post he will re­
port directly to John H. Voss, presi­
dent. 

Associated with Stromberg-Carl­
son since 1953, Garner most re­
cently has been director of special 
military projects and in charge of 
this division's program to engineer, 
manufacture and install communi­
cation systems for all Titan missile 
bases. He also has been director of 
military marketing for the western 
area of the U.S. for the past year. 

GE Huntsville 

Promotes Albert 

JOSEPH ALBERT has been named 
manager of technologies for the 
Huntsville Operation of the General 
Electric Computer Department. 

The GE Huntsville operation pro­
vides programming, operational and 
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technical support to the Computa­
tion Division of NASA's Marshall 
Space Flight Center. Albert served 
as its manager of scientific compu­
tation prior to his new appointment. 

Mallory Battery 

Honors Ruben 

TARRYTOWN, N.Y.-Mallory Battery 
Company's new headquarters and 
engineering laboratories have been 
formally opened here and dedicated 
to Samuel Ruben. Ruben is the in­
ventor of the mercury battery and 
other energy systems, the dry elec­
trolytic capacitor, and hundreds of 
semiconductor devices. 

G. Barron Mallory, president of 

P.R. Mallory & Co. Inc. said, "Over 
the years we have spent many mil­
lions of dollars in support of Ruben­
inspired devices. Ruben has helped 
us pioneer new avenues of technical 
achievement. And I hope that we, in 
turn, have helped him bring his 
visionary genius into focus with to­
day's technological needs ." 

At the dedication, Philip R. Mal­
lory, founder of the corporation, 
also announced the establishment by 
the P. R. Mallory Foundation of 
the Samuel Ruben Fellowship, a 
$1,000 annual grant at Columbia 
University for graduate study in 
chemical engineering over the next 
ten years. P. R. Mallory & Co. Inc. 
is an Indianapolis-based concern. 

McGarry Rejoins 

ITT System 

APPOINTMENT of James H. Mc­
Garry as vice president, manufac­
turing, for ITT Federal Labora­
tories, Nutley, N.J., is announced. 

McGarry joins the ITT System 
from the Daven division of General 
Mills where he held the post of 
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ELECTRICAL 
ENGINEERS 
Melpar's Engineering Divi­
sion has immediate need 
for engineers in the areas 
noted below. These open­
ings include positions of 
major responsibility for 

I ~~·::~t~;~:;:'.::~; I 
~~~:f~:~ig~~~eE~~~:~~1~;~~ t~i.:_,=.!= .. ,:.:~ .. ,i ... ': 
wave filters, u ltrastable pro- . 
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anced receivers for mono· ~t 

!li ~~~~;g, and guard antenna II i q 

I ~;~;~:~~~~.:~~~J;:,~, I_,:,::·'.,;'.···,·,~:'.,,!·,:··'.=' I ::r.;~~';"~~i~~~~.'."'i~~ . 
m ~P~1GT~~i~~ r;~~~~~s fl~gnhJ Ii:! 

!_ .. r.1.1_: ~;~~r:~iF~ :"r~:· 11\~;:, I 

Wo~k~:E~i:A m~d~~~~:h- 1111 

gi~~: f~;!~~~r.~;~;f 1 ~ 
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. f g1~~~~~~~~~~i~1 I 
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MELPAR W.Nc. 111 

(A Subsidiary of Westinghouse W 
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general manager. Prior to joining 
General Mills in 1960, he held ex­
ecutive positions with ITT com­
panies since 1953 both at Clifton, 
N.J., and Fort Wayne, Ind. 

General Precision 

Appoints Kelly 

APPOINTMENT of Lloyd L. Kelly as 
president of the Simulation and Con­
trol Group of General Precision, 
Inc., Binghamton, N.Y., is an­
nounced. As of November 1 he 
succeeds W. W. Wood, Jr. who has 
resigned to become president of Ap­
plied Dynamics, Inc. 

Kelly will continue as president of 
the Link division of the Simulation 
and Control Group. 

Bassett Assigned to 

New Avco Post 
APPOINTMENT of Ormon E. (Sam) 
Bassett to the position of general 
manager of engineering for Avco 
Corporation's Electronics division 
was announced at the division's 
headquarters in Cincinnati, Ohio. 
He replaces H . L. Flowers, who has 
resigned. 

Bassett was formerly director of 
Information and Control Systems at 
Avco's Research and Advanced De­
velopment division in Wilmington, 
Mass. 

Mica Corporation 

Elevates Goldman 
APPOINTMENT of Richard Goldman 
as vice president of manufacturing at 
The Mica Corporation, Culver City, 
Calif., is announced. He moves up 
from the post of operations manager. 

Ha llicrafters 

Promotes Three 
WILLIAM F. TEICHMILLER has been 
appointed general manager of the 
Pacific division of The Hallicrafters 
Co., Chicago electronics firm. He 
was previously contracts manager of 
the company's aerospace division, 
based in Chicago. 

Robert F. Halligan, president, 
also announced the promotions of 
Emory G. Johnson to special prod­
ucts manager and Jack M. Hollander 
to data systems manager as part of 
a divisional reorganization program 
under way at the Santa Ana, Calif., 
facility for the past two months. 

Houston Fearless 

Names Ryan 
F. c. MEHNER, president of Houston 
Fearless Corp., has announced the 
appointment of Frank A. Ryan as 
director of operations at the cor­
poration's West Los Angeles plant. 
Ryan will be responsible for the 
manufacturing processes and meth­
ods in the production of a line of 
film processing equipment as well 
as major lines of related photo­
graphic information storage, re­
trieval and evaluation equipment. 

Before taking this post, Ryan was 
with the Atlas Corp. as vice presi­
dent of its Western Sky Industries 
subsidiary and director of marketing 
of its Titeflex Santa Monica divi­
sion. 
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Informatics Hires 

Two Directors 
WALTER F. BAUER, president of In­
formatics Inc., Culver City, Calif., 
has announced the appointment of 
Lynn W. Jones II as director of 
operations and Roy V. Bigelow as 
director of the company's Houston 
operations. 

Jones was formerly with Thomp­
son Ramo-Wooldridge and Space 
Technology Labs, Inc. 

Bigelow had previously been with 
Aerospace Corp. and IBM. 

PEOPLE IN BRIEF 

Peter Bercoe, former president of 
Alpha Wire Corp., named board 
chairman of Precision Circuits, Inc. 
Arthur A. F. Aschauer leaves Royal 
McBee Corp. to join Univac as exec 
asst. to the senior v-p, marketing. 
Paul Schitfres, previously with 
Bogart Mfg. Corp., appointed a 
senior microwave staff engineer of 
Paradynamics, Inc. Nick Milakovich 
promoted to director of mfg. at 
Lockheed Missiles & Space Co. 
W. Benton Harrison, from Ryder 
Industries, Inc. to Harris-Intertype 
Corp. as v-p, corporate develop­
ment. Torwico Electronics, Inc., ups 
Robert M. Savino to chief electrical 
engineer. Gregory L. Laserson 
advances to director of research at 
AMF's R&D div. Michael F. 
Maguire and Thomas P. Fahy raised 
to asst. directors of engineering for 
the Electro-Optical div., Perkin­
Elmer Corp. Arthur F. Pelster, ex­
Aladdin ElectronicsJ and Richard 
F. Gregori, formerly with Cornell­
Dubilier, named g-m and mgr. of 
engineering, respectively, of lnter­
na.tional Electronic Industries div. 
of Standard Pressed Steel Co. 
William J. L. Boreas, previously 
with Underwriters' Laboratories 
Inc., now lab mgr. for The Thomas 
& Betts Co. William K. Kindle 
advances to new product program 
mgr. for Electronic Associates, Inc. 
Robert A. Lapetina transfers from 
Eda (Canada) Ltd. to take post of 
president of Electro-Ceramics, Inc., 
another subsidiary of Edo Corp. 
Joseph W. Halina elevated to deputy 
to the v-p of engineering for ITT 
Communication Systems, Inc. 
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Gold Immersion Soluti·on 
by 

Sigmund Cohn 

• Greater Throwing Power 

• Uniformity of Deposit 

• Consult us about best 
methods of application 

Since 1901 

SIGMUND COHN COHP. 
121 So. Columbus Avenue 
Mt. Vernon, New York 

CIRCLE 57 ON READER s~avm C:!\RD 

THE 
electronics Buyers' Guide sectionalizes its advertis­
ing pages by basic product categories as a " quick 
locater" aid to 63 ,000 users . Helpful? 96% * of them 
say so . Better budget space for the next electronics 
Buyers' Guide I a McGraw-Hill publication. 

*Survey of August, 1963 
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EMPLOYMENT OPPORTUNITIES 
The Advertisements in this section include all employment opportunities-execu­
tive, manaoement, technical, selllno. office, skilled, manual, etc. Look in the 
forward section of the magazine for additional Employment Opportunities 
advertising. 

Positions Vacant 
Positions Wanted 
Part Time Work 

Civil Service Opportunities 
Selling Opportunltlea Wanted 
Selling Opportunities Offered 

Employment Agencies 
Employment Services 
Labor Bureaus 

DISPLAYED ---RATES-- UNDISPLAYED 

The advertising ra te ts $40. 17 per inch tor a ll adver­
tising a ppearing in other tha n a. con t ract basis. 
Contract rates quoted on request. 

An advertising Inch ls measured %• vertically on a 
column-3 columns-30 inches to a page. 

Subject to Agency Commission. 
Send NEW ADS to CLASSIFIED ADV . DIV. ol 

ELECTRONIC 
CIRCUIT DESIGNERS 

ELECTRONIC ENGINEERS 

Bausch & Lomb 
has openings for EXPERIENCED ENGi· 

NEERS IN R & D AND PRODUCT DESIGN 

SECTIONS. 

Products are Scientific Instruments (Bio­

Medical, Analytical, measuring, recording 

instruments, etc.) Mechanical-Electrical Op­

tical in nature. Ability to take electronic 

design responsibility from concept to sale­

able product, Engineering Degree (BS or 

MSEE) required, experience desirable. 

Positions entail circuit design and testing, 

co·ordination of customer requirements with 

Mechanical and Optical Engineers, super­

vision of detail draftsmen and technicians, 

assistance to Production Engineers on fac­

tory problems and follow up on special 

customer designs. 

Those who can qualify and are interested 

in real design responsibility are invited to 

send resume with salary requirements to 

E. P. Faro, Professional Employment, Bausch 

and Lomb, Inc., 17 Bausch Street, Rochester, 

New York. 

sa 

AN EQUAL OPPORTUNITY EMPLOYER 

E. E.'s 
for FEE-PAID Positions 

WRITE US FIRSTI 
Use our confidential application 
for professional, individualized 
service • • • a complete national 
technical employment agency. 

ATOMIC PERSONNEL, INC. 
Sulit 1207l, 1518 W1laut SL, 1'11111. 2, Pa. 

$2. 70 per line, minimum 3 lines. To figure advance 
vayment count 5 average words as a line. 

B ox Kum ber~ounts as l Llne. 
Discount ot 10% tr full payment is made in advance 

for 4 consecutive insertions. 
Not subject to Agency Commission. 

ELECTRONICS, P.O. Box 12, N. Y., N. Y. 10036 

COMMERCIAL 
OPPORTUNITIES 

FOR 
MANUFACTURING 

ENGINEER 
To establish and implement most economic 
methods for volume manufacturinq of new 
computer system. Should know economics, 
associated with various assembly tech­
niques includinq the application of auto­
matic component handlinq equipment 
coupled with experience in minimizinq 
costs connected with electronic assembly 
work. 

ELECTRONIC ENGINEERS 
To desiqn the loqic, memory. read-write 
amplifiers, power supply and related auto­
matic test and check-out equipment for a 
new advanced computer system. 

ELECTRONIC 
PACKAGING ENGINEER 

To desiqn component layout, printed cir· 
cuit art work and mountinq hardware. 
Must have a knowledge of high volume, 
low cost assembly techniques. 

ELECTRONIC TECHNICIAN 
Please send resume 

(in complete confidence) to: 

J, LEWIS, PERSONNEL MANAGER 

DATA PROCESSING SYSTEMS 
DIVISION 

SCM CORPORATION 
6701 San Pablo Ave., Oakland 8, Calif. 

An Equal Opportunity Employer 

"Put Yourself in the Other 
Fellow's Place" 

TO EMPLOYERS 

TO EMPLOYEES 

Letters written oft'erlng Employment or 
applying for same are written with the 
hope of satisfying a current need. An 
answer. regardless of whether it is 
fa v orable or not, ls usually expected. 

MR. EMPLOYER, won't you rem ove 
the mystery about the status of an em­
ployee's a pplication by a cknowled g ing 
all appli cants and not just the promis­
ing candidates. 

MB. EMPLOYEE you, too, can help by 
acknowled g ing applicatlone and j ob ot­
ters. Thie would encourage more com­
panies to answer position wanted ads 1n 
this section. We make this suggestion 
In a s pirit of helpful coo pera t ion be­
tween employers and employees. 

This section will be the more useful to 
all as a result of this consideration. 

Classified Advertising Division 

McGraw-Hill Publishing Co., Inc. 
330 West 42nd St., New York, N. Y. 10036 

QUALIFIED 
ENGINEERS 
BY THE THOUSANDS 

PAY to read electronics every 

week because its high calibre 
editorial content is designed 
and edited for engineers 
That's why your 

REGRUITMENT 
ADVERTISING 

in electronics can pinpoint a 

most concentrated source of 
experienced engineers. elec­
tronics selective circulation is 
your inexpensive, efficient, 

most direct link to these qual· 

ified, specialized men! 

YOUR All GETS RESULTS 
NOT WASTE CIRCULATION. 

* If your recruitment pro· 
grom coils for qualified 
technical personnel, 
plan to use electronics 
EMPLOYMENT OPPOR· 
TUNITIES nowl 

electronics 
@ A McGRAW HILL PUBLICATION ® 

CLASStFl[Q ADVERTI SING DIVISION 

POST OFFICE BOX 12 NEW YORK 36 NEW YORK 
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If you're on this list, 
there's a place for you at JPL novv. 

0 RELIABILITY AND QA 
Engineering Specialist-BS plus 10 years 
experience. Coordinate reliability techni­
cal effort with technical divisions. Rep­
resent Parts Reliability Staff Office at 
appropriate Design Reviews including 
assistance in preparation of Review 
materials. Perform surveillance and 
monitoring function on Lab Piece Part 
Reliabil ity activities. Perform liaison, 
training and consultation to all parts 
reliability efforts at JPL. 

Staff Engineer-BS in Engineering or 
Physics mandatory. Basic grounding in 
engineering design and test at the 
working and supervisory level. Quality 
Control engineering and supervisory ex­
perience in weapon systems or major 
electronic assemblies. 

0 SYSTEMS 
Senior Research Engineer-MS with 3 
years experience. Analytical studies of 
complex lunar spacecraft missions from 
point of view of relating the celestial 
mechanics problems to the expected 
"value" obtained by alternate actions. 
Development of analytical techniques to 
handle such problems. 

Research Engineer-MS with at least 2 
years in research or engineering prob­
lems related to space flight. Define and 
analyze mathematical models of guid­
ance for lunar spacecraft with particular 
emphasis on control theory and statisti­
cal estimation. Study of the interacting 
problems of orbit determination and 
trajectory correction to develop optimal 
techniques for specific objectives. 

Senior Engineer-BS plus 5 years expe­
rience required. Will have the system 
responsibility of integrating the various 
scientific experiments (e. g. radiometer, 
plasma detectors, magnetometer, etc.) 
with the remaining subsystems on the 
spacecraft. Specific duties include: 
1) Accept inputs and schedule necessary 
test time for his area of responsibility. 
2) Write procedures covering the inter­
faces between his area and the ·re­
mainder of the spacecraft. 3) Evaluate 
and write related reports from test data. 

Research Engineer-MS plus 2 years ex­
perience. To develop mathematical mod­
els of complex man-machine system 
operations leading to computer simula­
tion and empirical evaluation of system 
performance. 

0 SPACE SCIENCES 
Senior Research Specialist-BS with MS 
desirable. Advanced courses in geomet­
rical and physical optics, with 15 or more 
years experience. Responsible for de­
tailed technical monitoring and progress 
on all the optical instrumentation ele­
ments related to the specific space pro­
gram connected with the television 
spacecraft systems. To review in tech­
nical detail, the approach and perform-

electronics November 1, 1963 

ance of the vertical contractors and sub­
contractors to assure conformance with 
specifications and mission success. 
Senior Scientist-PhD with emphasis in 
space-oriented subjects. Three or more 
years experience. Must have conceived, 
designed and carried out some original 
research in experimental physics. 
Design Engineer-BS plus 5 years mini­
mum design experience in instrument or 
small mechanism design or equivalent. 
Design of physical science experiments 
and instruments and breadboard models 
of flight scientific instruments. 

0 TELECOMMUNICATIONS 
Senior Research Engineer- MS plus 5 
years experience in RF systems and/or 
circuitry. Development work in RF sub­
systems. Work concerned with wide band 
RF frequency multipliers and with fre­
quency synthesizers characterized by low 
phase jitter and high spectral purity. 

Operations Project Engineer-BS plus 8 
to 10 years experience. Experience in 
operation of tracking station and net­
works, also with the technical systems 
and subsystems in tracking stations. 
Involves planning and scheduling of 
tracking operations. Will act as liaison 
between the DSIF and other JPL organi­
zations in establishing the equipment 
and procedures to meet requirements. 

Senior Research Engineer-BS with MS 
desirable. Two to 4 years experience in 
design and analysis of microwave 
antennas and microwave components de­
sirable. General familiarity with antenna 
measurement techniques. Design and 
analysis of feed systems and wave guide 
components for large ground antennas. 

Research Engineer-MS plus 2 years ex­
perience in communication, telemetry or 
radar system design and analysis. Ana­
lyze and solve telecommunication system 
problems in direct support of design, 
development and use of spacecraft tele­
communications systems. 

Senior Development Engineer- BSEE 
necessary and MSEE preferred. Five to 
10 years experience in microwave system 
development. Radio communications 
techniques; UHF and microwave systems 
development of receiving and transmit­
ting ground equipment. 

0 GUIDANCE AND CONTROL 
Research Engineer-BSEE or MSEE with 
background in probability and statistics 
desirable. Develop advanced, reliable 
automatic test equipment for use with 
space vehicle guidance and control sys­
tems in laboratory, system and field 
checkout operations. Includes determi­
nation of functional requirements, design 
of circuits and logic, breadboarding, 
supervise prototype fabrication and par­
ticipation as flight/GSE cognizant engi­
neer in testing operations at JPL and 
Cape Canaveral, 

0 ENGINEERING MECHANICS 
Senior Engineers (Structures)- Requir­
ing active participation in the structural 
design and development of spacecraft; 
working familiarity with problems rang­
ing from "nuts and bolts" to matrix 
methods of structural analysis; sufficient 
interest in academic pursuits to promote 
state-of-art advancements. Requires MS 
with 7-10 years experience in project 
support of aircraft, missile or spacecraft 
programs. 

Structural Dynamics Engineers-Respon· 
sible for initiation and performance of 
model vibration analysis, dynamic loads 
analysis and testing in support of space­
craft design and development. Must have 
working familiarity with launch vehicle 
dynamics, including aeroservoclastic 
coupling. MS with 7-10 years experience 
applicable to position requirements. 

0 ENVIRONMENTAL 
Senior Research Engineer-BS with some 
course work in heat transfer. MS desir­
able with 5-10 years direct experience in 
testing. Environmental testing experi ­
ence is preferred but other types of test­
ing are acceptable such as wind tunnel 
or flight testing. 

Senior Research Engineer-BS with MS 
preferred. Five to 10 years direct experi­
ence in hardware testing. Environmental 
testing experience preferred particularly 
in the acoustic, vibration and shock 
areas. Other types of testing such as 
flight testing, flutter and vibration may 
be considered. 

Senior Design Engineer - BS required, 
MS preferred. Six to 8 years minimum 
experience of a broad nature, analysis 
and project areas. Prefer some experi· 
ence outside aircraft industry. Perform 
technical and economic feasibility 
studies of advanced facilities in vacuum 
technology, cryogenics, electricity, mag­
netism, optical and thermal systems, 
structures, aerothermodynamics, etc. 

0 PROPULSION 
Advanced Propulsion Engineers-For an­
alysis, evaluation and development of 
power conditioning systems for advanced 
electrically propelled spacecraft. BS or 
MS in EE or Physics with 4 years experi· 
ence in aircraft or missile electric power 
generation and distribution system de­
sign and test. Some servomechanism ex· 
perience also desirable. 

Send complete resume to: 

JET PROPULSION LABORATORY 
48 14 Oak Grove Drive, Pasadena, California 
A ttention: Personnel Deportment 11 

" An equal opportunity employer." 
Jet Prop ul sion Lab orat ory is opera te d by t h e 
California Instit u te of Tec hnolo gy for th e 
Natio nal Aeronautic s and S pa ce Adm ini st ra tion. 
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For higher TWT efficiency ... a hollow beam 

STS-188, a 2 kW, S band TWT proves Sperry's 
capability in depressed collectors. Six other 
models ranging through S, C, and X bands, are 
also operational at 10 W, 20 W and 2 kW 
power levels. 

ELECTRONIC 
TUBE 

DIVISION 

This photograph of a hollow, high-perveance electron 
beam helps us measure our progress toward a goal of 
higher efficiency for travel ing wave tubes. That's be­
cause its halo shows us how we're doing on beam con­
trol, and lets us know how our higher perveance electron 
gun designs are working out. 

We do a lot of other things to increase TWT efficiency. 
Seven different types of depressed-collector TWT's are 
already in the field ... operating at power levels as 
high as 2 kW. And we're making constant progress on 
the design and manufacture of shorter, more effective 
attenuators. 

In short, Sperry is doing qu ite a job on the technical 
considerations that improve eff ic iency of traveling wave 
tubes. 25% efficiency is al ready a reality on many of 
our models, and better things are coming. 

A FREE TECHNICAL PAPER gives the details, both 
theoretical and practical. If you are searching for higher 
efficiency in broadband microwave systems, get your 
copy today. Write Sperry, Gainesville, Florida, or contact 

s PE R R v RAN o co RP o RA r 1 o N your Cain & Co. representative. In Europe, contact 
G A 1 NE s v I ll E Flo R 1 o A Sperry Europe Continental , Paris. 
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SI plify YOUR NEW SSB CIRCUITS 
with the remarkable RCA -7360 Beam-Deflection Tube 

DEFLECTING DEFLECTING 

One of the most sig-nifican t advances made in tubes designed for SSB-the RCA-73GO operates 
simultaneously as a balanced-mixer and oscill ator or balanced-modu lator and oscillator-at fre­
quencies up to 100 Mc. 

• Excellent Carrier Suppression-GO db in balanced modulators. 60 db in self-excited balanced mixers. 40-db 
oscillator-signal suppression in balanced-m ixer ser vice. 

• Exceptional gain and signal-handling capabilities make it possible to eliminate intermediate- or buffer-
PLATE 
NO. 2 

ll&--+-t--> :~AT~ amplifier stage. 

GRID NO. I CATHODE 

CROSS·SECTIONAL VIEW OF 
MAIN ELEMENTS OF RCA·7360 

BALANCED MODULATOR 
AND OSCILLATOR 

AUDIO 
AMPLIFIER 

• High sensitivity ... low distortion. 
• Ultra-stable. Tuning "stays put" with life over a wide dynamic range and temperature range. 

e Self-excitation. Operates as a balanced mixer or a balanced modulator without the need for a separate 
oscillator. 

e Balanced push-pull output from single-ended AF and RF inputs eliminates need for audio-input transformer 
in balanced-modulator circuits. 

e High transconductance ... high input impedance. 

Find out today how you can achieve better SSB performance and simpler circuits with the RCA-
7360 ! Call your RCA Field Representative or write: Commercial Engineering, Section K-19Q-1 
RCA Electronic Components and Devices, Harrison, New Jersey. 

lST MIXER 
AND OSCILLATOR 

SIDEBAND FILTER 

2ND MIXER AND OSCILLATOR 

1st LINEAR DRIVER 

FINAL 

BLOCK DIAGRAM OF 
TYPICAL SSB TRANSMITTER. 
RCA-7360 TUBE MAKES IT 
POSSIBLE TO ELIMINATE THE 
STAGES SHOWN IN RED. 
OSCILLATOR 
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