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These two quartz oscillators, with 1 part in 1010 
short-term stability (averaged over 1 second) are 
ideal as frequency sources in primary frequency/ 
time standard systems. Recent advances in manu­
facturing and aging techniques for these oscillators 
and their quartz crystal resonators now allow quick 
delivery at much lower prices. 

The 104AR, available for only $2300, is identical 
to the 103AR, $1900, except that it provides a 5 me 
output of extreme spectral purity in addition to the 1 
me output. Spectra as little as 2 cps wide may be ob­
tained in the X-band region with the 104AR by mul­
tiplication of the 5 me output. This spectral purity is 
essential for doppler measurements, microwave spec­
troscopy and similar applications involving reference 
multiplication. 

Driven by the quartz oscillator, the 115BR Fre­
quency Divider and Clock provides precise time of 

Specifications; 103AR, 104AR 
Output Frequencies: 5 me (104AR), 1 me, 100 kc, l v rms into 50 

ohms; 100 kc for driving 115BR Frequency Divider and Clock 

Aging Rate: < ± 5 parts in 1010 per 24 hours* 

Stability: As a function of input voltage: < ± 1 part in 1010 for 
changes of ± 4 v from 26 v de; as a function of load: < ± 1 
part in 1010 for any load impedance change from 50 ohms; 
as a function of ambient temperature: < ± 3 parts in 1010 for 
changes of ± 25° C from 25° C; rms deviation, due to noise 
and frequency fluctuations, of 1 and 5 me (104AR only) out­
put; (constant input voltage, load and temperature): 

Averaging 5 MC Output 1 MC Output 
Time (104AR only) (103AR, 104AR) 

1 ms 5 parts in 109 rms 1 part in 107 rms 
10 ms 5 parts in 1010 rms 1 part in 10s rms 

0.1 sec 1 part in 1010 rms 1 part in lQ9 rms 
1 sec 5 parts in 1011 rms 1 part in 1010 rms 

10 sec 5 parts in 1011 rms 5 parts in 1011 rms 

RMS phase deviation of 5 me output (104AR only): 
Averaging Time 

1 ms 
lOms 

100 ms 
1 sec 

10 sec 

RMS Phase Fluctuation at 5 MC 

1.6 x 10-4 radian 
1.6 x 10-4 radian 
3.2 x 10-4 radian 
1.6 x 10-3 radian 
1.6 x 10-2 radian 

1 part 

in 1010 

short-term 

stability 

day information and permits comparison with stand­
ard broadcast signals for absolute accuracy. Contin­
uous operation of the oscillators and related equip­
ment in such a system can be assured by Hewlett­
Packard Standby Power Supplies, which keep sys­
tems operating even when line power fails. 

Both the 103AR and the 104AR provide 1 me and 
100 kc sinusoidal output signals, plus separate 100 kc 
outputs for driving the 115BR Frequency Divider 
and Clock. Completely solid state, all components are 
conservatively rated for assured high performance. 
A double oven with proportional control maintains 
precise temperature stability in both oscillators. 

Here are the ultimate in low-cost, efficient and 
stable frequency-generating oscillators for primary 
and secondary standards applications. Ask your hp 
representative for a demonstration. 

Harmonic Distortion: Down more than 40 db from rated output 
Non-Harmonically Related Output: Down more than 80 db from 

rated 1 me output; down more than 66 db from rated 5 me 
output 

Temperature Range: O to 50° C 
Dimensions: 19" wide x 51/4'' high x l1V2" deep behind front 

panel 
Power Requirements: 22 to 30 volts de, approximately 5 watts 

operating, 10 watts maximum during warmup; dual power 
connectors at rear; operates from 724BR or 725AR Standby 
Power Supply 

Complementary Equipment: Model 725AR .Standby Power Sup­
ply with battery, 2 ampere-hour standby capacity, $645; 
Model 115BR Frequency Divider and Clock, $2750 

Price: Model 103AR, $1900; Model 104AR, $2300 
*Achieved within 21 days of continuous operation 

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

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road, Palo Alto, California, Area Code 415, 
DA 6-7000. Sales and service representatives in all principal 
areas; Europe, Hewlett-Packard S.A., 54 bis Route des Aca­
cias, Geneva; Canada, Hewlett-Packard (Canada) Ltd., 8270 
Mayrand Street, Montreal a255 
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UNDERWATER TELEMETRY is studied in a 690,000-gallon 
sonar test tank at Bendix-Pacific. Yellow rod suspended at the 
right is a submarine detector. The yellow cylinder at the left 
is one type of underwater telemetry transducer under study. 
Object at bottom, left, is a transducer housing for a torpedo 
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CROSSTALK 

What Price RFI Control? 
RADIO-FREQUENCY interference (rfi) casts a 
surprisingly large shadow. 

Some people say it costs the electronics indus­
try as much as five percent of the industry's 
annual sales. The amount of time spent in engi­
neering around rfi is incalculable. 

Is five percent far-fetched? Probably not, 
when you consider rfi-control engineering, and 
consulting firms' fees, filters, shielding, instru­
mentation, rfi testing and other direct costs. 
Then add such indirect costs as engineering work 
normally charged to actual design, but involving 
rfi-control considerations like selecting a trans­
mitter tube with low rfi output. 

Anyone who delves into rfi and its control 
realizes that this field covers a broad area of 
electronics-a much broader area than the "rf" 
in "rfi" indicates. Rfi-control is the effort to 
prevent electronic systems, equipments and cir­
cuits from interfering with each other's opera­
tion and to minimize the effects of man-made and 
natural rfi. In other words, the aim is to make 
electronic equipments compatible in their elec­
tromagnetic environment. 

The electromagnetic environments of a sys­
tem and its parts may vary in size, but they 
have this in common: each environment consti­
tutes a world that affects and/ or is affected by 
the system, equipment and component. The 
electromagnetic world of a noisy computer diode, 
for example, might be limited to the few com­
puter modules that its rfi directly affects. But 
the computer may live in a much larger world 
populated by other systems, each of which may 
in some way be affected by that obstreperous 
diode. 

Since the rfi field involves all electrical and 
electronic equipment and components that pro­
duce interference and every electronic equipment 
susceptible to interference, just about every area 
of electronics from A displays to Z marker 
beacons is affected directly or indirectly by rfi 
considerations. And that means just about every 
electronics engineer, too: 

• Government planners working on frequency 
allocations and assignments are involved in inter­
systems considerations 

•Weapons-systems planners must make sure 
that existing and future systems will mesh with 
each other and not create an electromagnetic 
bedlam 

• Systems designers must-or should-con-

electronics • June 14, 1963 

sider rfi and its control just as they consider 
costs, system performance and reliability when 
working out the design of a system 

• Equipment engineers and circuit and com­
ponent designers must develop electronic hard­
ware that neither creates interference nor is 
susceptible to interference 

•Test engineers must prove that a new sys­
tem or equipment will meet rfi specifications 

•Finally, after operational tests, field engi­
neers may have to fix or modify the system so 
that it does not bother other systems and is 
unaffected by the rfi that other systems produce. 

Company management, too, needs to consider 
and provide for rfi-control in equipment under 
development. Expenses such as the cost of 
setting up an rfi-control department or obtain­
ing the services of an rfi consulting firm are 
frequently less than the costs incurred by wind­
ing up with a system or equipment incompatible 
with its environment. 

These, then, are some of the considerations 
that make rfi a timeless and timely topic-time­
less because engineers have been wrestling with 
it since it was called static, timely because of 
the present acceleration of efforts, especially by 
the military, to control rfi. 

These are the reasons why we have set aside 
24 pages in next week's issue for a special report 
on the battle against rfi and the latest tech­
niques for its measurement, analysis and sup­
pression. 
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New Bridge Design 
For Safe, Accurate, 
Easy Measurement 
of 'Lytic Capacitors 

The Sprague Model 1 W2A Cap~ci­
tance Bridge introduces new, im­
proved technical refinements as well 
as restyling for added attractiveness 
and ease of operation. Built by ca­
pacitor engineers/or capacitor users, 
it incorporates the best features of 
bridges used for many years in 
Sprague laboratories and produc­
tion facilities. 

Precision Measurements over Entire 
Range from 0 to 120,000 µ.F 
The internal generator of the l W2A 
Bridge is a line-driven frequency con­
verter, and detection is obtained from 
an internal tuned transistor amplifier­
n ull detector, whose sensitivity 
increases as the balance point is 
approached. It has provision for 
2-terminal, 3-terminal, and 4-termi­
nal capacitance measurements, which 
are essential for accurate measure­
ment . . . ± 13 of reading + IOµ.µ.F 

' ... of medium, low, and high capac-
itance values, respectively. 

No Damage to Capacitors 
The model 1 W2A Capacitance Bridge 
will not cause degradation or failure 
in electrolytic or low-voltage ceramic 
capacitors during test, as is the case 
in many conventional bridges and 
test circuits. The 120 cycle A-C volt­
age, applied to capacitors under test 
from a built-in source, never exceeds 
0.5 volt! It is usually unnecessary to 
apply d-c polarizing voltage to e le~­
trolytic capacitors because of this 
safe, low voltage. 

Complete Specifications Available 
For complete technical data on this 
precision instrument, write for E~gi­
neering Bulletin 90,0IOA to Technical 
Literature Service, Sprague Electric 
Company, 3 5 Marshall Street, 
North Adams, Massachusetts. 
4Sll'·t ll •IJ 
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COMMENT 

Thermal Res istance 

I am sorry that I must write this 
letter to take very strong exception 
to the article, Practical Way to 
Measure Transistor Thermal Re­
sistance (p 66, Feb. 15). 

The very first sentence is not 
even true, although this is the least 
serious of the errors. A check on 
about ten arbitrary MIL specs 
showed most but not all referred 
to thermal resistance; none referred 
to thermal time constant. 

The most serious error, and this 
invalidates the entire article, is the 
assumption that the leakage current 
is a linear function of the junction 
temperature (Fig. 2B) . This is 
most definitely not so. The bulk 
leakage current obeys an approxi­
mately exponential law, doubling 
for every increase in temperature 
of roughly 10 deg C. Surface leak­
age effects, particularly in non­
planar silicon transistors, tend to 
be independent of temperature. I 
have found the reverse leakage in 
certain silicon rectifiers to be vir­
tually constant from 25 to 100 deg 
C! 

I would like to draw to your 
readers' attention MIL-STD-750, 
which in Section 3100 describes 
tests methods for transistor ther­
mal parameters (also applicable to 
diodes). It is especially interesting 
to note that they recommend 
against using the leakage current 
method for silicon devices. 

SIDNEY V. SOANES 

Research Department 
Ferranti-Packard Electric Ltd. 
Toronto, Ontario, Canada 

Author Bauman replies directly: 

Initially, you state that an arbi­
trary survey of MIL-SPECS on 
your part showed no reference to 
the thermal time constant test. 
From this, you concluded that my 
first statement was false. 

As of April, 1963, I do not know 
how many MIL-SPECS have been 
written governing transis.tors; how­
ever, I do know there are at least 
600 devices on the market. Do you 
think a sampling of ten devices is 
sufficient to call my statement false? 

A random check, made at my re­
quest, by an associate, revealed 
seven out of ten specs required a 
thermal time constant test ! 

Secondly, you state that leakage 
current is definitely not a linear 
function of temperature. You are 
correct. For a germanium tran­
sistor, 1.1,. doubles for each increase 
of 10 deg C. For silicon transistors, 
a 10 deg C temperature change will 
increase the 1... by a factor of 
three. I therefore assume the curve 
to be linear only in the flat region, 
below 45 deg C. Test results bear 
out this assumption as being valid. 
The leakage versus junction tem­
perature curve in my article was an 
approximation of a true exponential 
curve. As for your observation con­
cerning a constant 1 ••• reading from 
25 to 100 deg C, in nonplanar sili­
con units, this is quite unusual. I 
would appreciate knowing what 
transistor types exhibit this char­
acteristic. 

Finally, you point to MIL-STD 
750, Section 3100, a discussion of 
transis.tor thermal testing. You 
emphatically state that this MIL­
STD "recommends against using 
the leakage current as the temper­
ature sensing parameter for silicon 
devices." For the record, the MIL­
STD, in fact, states, "When making 
thermal-resistance measurements of 
silicon transistors, the methods 
with V ,. and V ,, are preferred." 
This phrase concurs with a state­
ment in my article that reads, 
"Although the most reliable temper­
ature-sensitive parameter in junc­
tion transistors is the forward drop 
(V,) of the collection junction, the 
1,,. parameter is used in this test 
since it is a required parameter in 
qualification testing of transistors." 

Getting back to MIL-STD 750, let 
me point out that Method 3126 out­
lines a procedure that features I... as the temperature-sensing 
parameter. If the controlling gov­
ernment agency is against a pro­
cedure, would they, on the following 
page, recommend it? For informa­
tion purposes at the November Ad 
Hoc Meeting for Semiconductor 
Devices, DESC, the Air Force, 
BuShips and the Signal Corps 
agreed to use I ••• as well as V, as 
temperature-sensing parameters. 

HAROLD BAUMAN 

Kearfott Division 
General Precision Inc. 
Little Falls, New Jersey 
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in national defense-the wards 
11reliability'' and 11neaessity'' are synonymous 

• With the Strategic Air Command at instant readiness, 
any break in communications could seriously impair its 
total defense capability-and possibly also our national 
survival. To achieve the unusually high reliability de­
manded in this critical military application, Electronic 
Communications, Inc., uses Allen-Bradley Type G con­
trols in the airborne transmitters they build for the SAC. 

In the Type G control, the solid resistance element, 
collector track, terminals, and insulating material are 
hot molded into a single, solid structure that-for all 
practical consideration - is indestructible. In addition, 
molded contact brushes are used - no sliding metal con­
tacts. This design assures a low initial noise factor, which 

actually improves with use. There's virtually infinite 
resolution-so control is always smooth and completely 
devoid of sudden changes in resistance during adjustment. 

A-B Type G potentiometers are rated 0.5 watt at 70°C, 
and will operate reliably in ambient temperatures from 
- 55°C to + l 20°C. Also, the operational life exceeds 
50,000 cycles with less than 103 resistance change. They 
can be furnished in maximum resistance values from 100 
ohms to 5 megohms. For full details on these quality 
controls, please write for Technical Bulletin B5201. 
Allen-Bradley Co., llO W. Greenfield Ave., Milwaukee 4, 
Wisconsin. In Canada: Allen-Bradley Canada Ltd., 
Galt, Ontario. 

ALLEN-BRADLEY TYPE G HOT MOLDED VARIABLE RESISTORS 
Shown Actual Size 

TYPE GWEL TYPE GWP ANO LWP TYPE GWL AND LWL 
WITH LOCKING BUSHING 

TYPE GWX 
WITH LINE SWITCH WlTt-1 ENCAPSULATION WITH WATERTIGHT P ANEL SEAL 

Electronic Communications ' AN/ART-42 UHF 
1 KW AM/FM Transmitter in service with the 
SAC, and internal view showing use of A·B's 
Type G controls. 
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ALLEN- BRADLEY 
QUALITY ELECTRON IC COM P O NENTS 
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For capacitors, specify the extra performance of "Mylar" 
Studies of manufacturers' average prices show that 
capacitors of " Mylar"':' are comparable in cost with 
paper units , over a range of capacitances and voltages. 
At comparable cost, the higher reliability you get makes 
capacitors of " Mylar" a better value by far . 

Only "Mylar" gives you the extra performance of 
higher dielectric strength , wider temperature range and 
higher moisture resistance-at about the same price! 
Also, capacitors of " Mylar" are smaller than paper units 
with the same capacitance. In circuits for home-enter­
tainment radio and TV they ' re perfectly compatible with 
AC voltages imposed on a DC circuit as long as total 
voltage doesn 't exceed the rated voltage of the capacitor , 

6 CIRCLE 6 ON READER SERVICE CARD 

and the AC component does not exceed the AC corona 
level. Remember, within the range from .001 to 1 mfd 
under 600 volts DC, you can get the added reliability of 
"Mylar"-at costs similar to paper . 

For the full story, write for our detailed booklet com ­
paring performance and prices of various insulat ion 
systems. Du Pont Co., Film Department, N-10452, 
Wilmington 98, Delaware. •ou Pont' s registered trademark 

~ 
•r.. 11. 1. ,,,;f. O#f 

BETTER THINGS FOR BETTER LIVING 
... THROUGH CHEMISTRY 

only DU P,ONT makes 

MYLJIR® 
POLYESTER FILM 

June 14 , 1963 • electron ics 



electronics NEWSLETTER 

Should a Man or Machine Fly the SST? 
QUICK SURVEY of experts by 
ELECTRO.Kies indicates that some 
of the most difficult and contro­
versial technical decisions in­
volved in the U.S. development 
of a supersonic air transport 
(SST) will likely revolve around 
this question : To what extent 
should the aircraft be automated? 
There seems to be little doubt how­
ever that the plane-which was 
given the go-ahead signal last week 
by President Kennedy-will rely 
more on electronics than any 
civilian plane yet. 

Here are the main electronic sys­
tems now contemplated for the 
craft: 

• Fully-automated flight control 
system, necessary for stability at 
the mach-3 speeds being considered 
for the SST. A mechanical backup 
would probably be provided 

• System for managing fuel, com­
munications, air traffic control in­
structions and other functions the 
pilot might be too busy to handle 

• All weather landing system. By 
1970 a fully-automatic system may 

Bids Asked on Huge Computer Order 
BEDFORD, MASS.-The largest single purchase in the history of 
computers is now in the proposal stage. Invitations have been 
sent to 24 manufacturers for standardized, compatible EDP 
systems to perform inventory control at 152 Air Force bases 
throughout the world. 

Contractor proposals-due July 20-will be evaluated by the 
Electronic Data Processing Equipment Office at Hanscom Field 
(p 24, Feb. 8). The award will be made by the General Services 
Administration. The manufacturer selected will be prime con­
tractor for procurement, installation and maintenance of the 
entire integrated network. 

The program will increase by 50 percent the computer in­
ventory of the Air Force-already the industry's largest cus­
tomer-and it will increase the government's computer inventory 
20 percent. The first system is to be installed for February, 1964, 
with 10 installations a month beginning three months later 

be feasible, although pilots have 
traditionally insisted on landing 
planes themselves 

• Self-contained navigation sys­
tem. The problem here is to recon­
cile speed with reliability. Some 
automation is probable however. 

The FAA says improvements al-

ready planned for the air traffic 
control system should be able to 
take care of the SST but that a 
method will have to be developed 
to eliminate or cut down delays. 
"It would be terribly uneconomical 
to have these planes flying around 
at low levels,'' a spokesman said. 

Computer Collects Data on Factory Floor 

President Kennedy's decision on 
the SST followed by one day an an­
nouncement by Pan American that 
it had ordered six 1,500-mile-an­
hour jetliners being developed 
jointly by British and French 
manufacturers. In Paris, Sud Avia­
tion told ELECTRONICS that this 
plane will largely use electronic sys­
tems now flying in subsonic jets. 
Speculation has it that the six 
planes built for Pan American will 
be outfitted with U. S. electronic 
gear. 

FEATURES OF IBM's new 1030 produ ction data collection and proc­
essing system include plastic device used by individual employel's to log 
work data (left) and factory stat ions that foremen can use to obtain 
printed inventory machine-tool availability or other data (right) 
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Nine Frequency Bands 
Proposed for ComSat 

WASHINGTON - Preliminary deci­
s ion on the type of communication 
satellite system to be used by the 
Communications Satellite Corpora­
tion is due at the Extraordinary 
Administrative Radio Conference of 
ITU in Geneva in October, accord-
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ing to informed sources here. A 
medium-altitude system with satel­
lites in circular, polar orbits from 
6,000 to 12,000 miles continues to 
be favored as the method for going 
operational earliest (p 8, May 24). 

Meanwhile, FCC will suggest to 
ITU nine frequency bands for "com­
munication-satellite service" in­
cluding: 3.7 to 4.2 Ge, downward 
direction only; 5.925 to 6.425 Ge, 
upward only; 6.425 to 7.150 Ge, 
either direction; 7.250 to 7.3 Ge, 
downward only (for exclusive use 
of ComSat service and space sta­
tions ) ; 7.3 to 7.65 Ge, downward 
only; 7.650 to 7.750 Ge, downward 
(for meteorological as well as com­
munication satellites, in addtfon to 
existing services) ; 7.9 to 7.975 Ge, 
upward; 7.975 to 8.025 Ge, upward 
(for exclusive ComSat use) ; and 
8.025 to 8.4 Ge, upward. 

C-W Operation Achieved 
For Indium Arsenide Laser 

CAMBRIDGE, MASS. - Magnetically 
tunable c-w indium-arsenide diode 
lasers have been developed by MIT 
Lincoln Laboratory. I. Melngailis 
and R. H. Rediker operated forward­
biased indium-arsenide diodes as 
c-w lasers, and essentially all the 
radiation output was stimulated 
emission. Previously, emission of 
coherent infrared radiation has 
been observed from indium-ar­
senide diodes in pulsed operation, 
but not c-w. 

In galliium-arsenide diodes, c-w 
operation has been previously ob­
served, but only 10 percent of the to­
tal radiation output was stimulated 
emission. Emission wavelength of 
the new diode lasers has been 
changed by shifting the radiation 
from one cavity mode to another 
by means of a magnetic field. By 
varying the field between 4.1 kilo­
gauss and 9.1 kilogauss, the laser's 
ir emission can be tuned to either 
31,168 or 31,125 A. 

Computer Provides 
Nationwide Ad Data 

NEW YORK-Standard Rate and 
Data Service, Inc. demonstrated 
this week its Honeywell 400 com­
puter system, programmed to han­
dle such advertising areas as 
scheduling and estimating, inser-
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tions, billing and media mix. 
A Honeywell data communica­

tions system links the computer 
with the Telex network, permitting 
agencies anywhere in the country 
to ask it questions directly. If a 
special button is pressed, a stored 
identification code at the querying 
agency tells who is on the line. 

MM Radio Telescope 
Has Gain of 67.8 db 

MILLIMETER-WAVELENGTH rad i 0 

telescope capable of operating at up 
to 300 Ge has been built by Philco 
for the University of Texas. Normal 
operating range is 10 to 150 Ge. 
Gain of the instrument has been 
measured at 67.8 db, making it one 
of the most powerful in the world. 
The 16-foot-diameter parabolic dish 
will be used for basic research and 
explorations for NASA, which 
sponsored its construction. One of 
its assignments will be the accurate 
mapping of the surface of the moon, 
including spacecraft landing sites. 

Thin-Film Costs 
Down in England 

LONDON-The economics of thin­
film and integrated circuits are 
becoming comparable with conven­
tional component assembly tech­
niques. Thin-film costs in the UK 
will be comparable with conven­
tional techniques by January, 1964 
and should be lower from then on. 
Costs of solid-state integrated cir­
cuits are not expected to become 
comparable in the UK until 1965. 

These estimates were presented 
to 300 delegates at a two-day con­
ference on solid circuits and micro­
minia turization at the West Ham 
College of Technology. In a com­
parative example presented by 
A. T. Lawton, of E.M.I. Electronics, 
design studies were performed on 
both thin-film and solid-circuit ver­
sions of a radar data processing 
unit. Using thin-film techniques 
operating at the same power level, 
the expected reliability increased 
by eight times. Using solid cir­
cuits operating at lower power lev­
els, reliability increased even more, 
by factors of between 19 to 47 
times according to the manufac­
turer chosen. 

In Brief ... 
INSTRUMENTS designed at Dart­

mouth College will record natu­
ral radio signals from outer 
space when NASA sends up its 
Polar Orbiting Geophysical Ob­
servatory satellite next year. 

RAYTHEON received $900,000 initial 
funding for ATBM program to 
extend capability of Hawk mis­
sile to engage tactical ballistic 
missiles as well as low-altitude 
aircraft (p 8, May 31). 

FRANCE PLANS to place a research 
satellite into orbit by late next 
year using Diamant three-stage 
launch vehicle it developed itself. 

JAMES E. WEBB, NASA administrator , 
said last week he is against an 
MA-10 shot (p 7, May 24). He 
would prefer to concentrate on 
Gemini. A final decision is ex­
pected soon. 

SPERRY will deve'lop an automatic 
flight control system for the 
Douglas DC-9 jetliner. Initial 
contract is for $4,262,000. 

ASSOCIATED ELECTRICAL Industries 
Ltd. of England has sold the ma­
jority of its industrial vacuum 
tube interests to ITT. 

ADMIRAL'S new hi-fi line includes 
four completely. transistorized 
models. Peak output is 250 w. 

SUD AVIATION has ordered 20 all­
weather landing systems from 
Lear Siegler. By next January 
Sud hopes to retrofit all Cara­
velle airliners with the devices. 

AGREEMENT to buy the assets of the 
Motorola aviation products busi­
ness, Culver City, Calif. has been 
signed by Bendix; Hickok Elec­
trical Instrument has purchased 
all outstanding stock of Stark 
Electronic Instruments Ltd., 
Ajax, Ont.; Eilectronic Devices 
Inc. purchased Columbus Semi­
conductor Division from Colum­
bus Electronics Corp. 

AUTOMATIC message-processing sys­
tem called Amps will be installed 
by Burroughs at Ford Ritchie, 
Md., under a $2,500,000 Army 
contract. 
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actual size 

NIXIE® TUBES .... the only 
segmented display that gives you: 
• All DC operation •••• + 170 volts 
• Uniform continuous line characters of equal height 

for easy readability 
• Memory with simple solid state or gas tube 

drive circuits 

• Readability in high ambient light ••• 200 foot lamberts 
brightness 

• Maintenance-free operation . •. 200,000 hours rated 
life WITH NO LOSS OF BRIGHTNESS 

And Burroughs Alpha Numeric NIXIE Tubes also feature • low power (100 mw 
per segment ) • wide viewing angle (150°) • complete alphabet, numerals 0-9 
and special symbols in a single tube • low cost ($19.00 in single quantities ) 

Available now, the first in the series .. . Type B-5971 standard size with .780" 
characters. Tubes may be ordered singly or in groups as complete i·eadout 
assemblies. The rectangular shape allows mounting on .800" centers. 

Write today for technical bulletin #1037 whicl1 contains complete 
specifications on Alpha Numeric NIXIE Tubes from Burroughs. 

ii~;~o~g~~N 'c;;~~~;~;io~ © 
------~------
ELECTRONIC COMPONENTS DIVISION 

PLAINFIELD NEW JERSEV 

CIRCLE 9 ON READER SERVICE CARD 



ADVISOR­

SUPPLIER 

BARRIERS 

FIRM UP 

WHO BUYS 

WHAT IN 

NAVY NOW? 

FCC BOOSTS 

UHF TV AGAIN 

COMSAT TALKS 

GLOBAL, HIRES 

NEW EXECS 

10 

WASHINGTON OUTLOOK 

PENTAGON'S new conflict-of-interest regulations spell out more pre­
cisely than ever restrictions on a contractor with systems engineering, 
technical direction or other advisory functions. He can't supply any 
of the system's major components unless he also has hardware develop­
ment or production responsibilities. 

Similarly, if he is hired to prepare specs, he can't get in on competitive 
bidding "for a reasonable time." If he helps detail performance character­
istics for a new weapon to be bought competitively, he can only be a 
supplier if he is a recognized sole source. If, as a study contractor or 
military advisor, he has access to other firms' proprietary data, he is 
barred from exploiting the trade secrets in subsequent production work. 

This sort of ban has been widely imposed in the past. But lack of 
firm guidelines has resulted in many cases of what one official calls 
''pseudo-competition." 

NAVY PROCUREMENT organization is being centralized. Chief 
of Naval Material will get expanded power and authorities of the 
separate Bureaus will be trimmed. Bureaus will continue to award 
contracts, but the Chief of Naval Material will now supervise shipbuild­
ing, aircraft and electronics production, and development. He will 
coordinate production schedules of the four bureaus, hold the purse 
strings and decide who handles specific projects. 

One big area to be clarified : responsibilities for electronics procure­
ment and design, now divided between the Bureaus of Ships and Wea pons. 
BuShips now controls shipboard electronics (except "weapon-related" 
electronics) and most shore electronics. BuWeps buys airborne elec­
tronics, most equipment for air stations and weapon-related shipboard 
electronics. This fuzzy division, and the resulting deficiencies in mating 
electronic gear to new vessels, largely caused the reorganization. 

FOUR UNRELATED FCC actions last week add up to a powerful 
boost for uhf tv. FCC abolished option time, which gave tv networks 
first call on certain hours of station affiliates' time. Networks were 
asked to make programs available to uhf outlets in intermixed markets. 
FCC refused to add vhf stations in seven major markets, leaving them 
open for third network service at uhf. It denied exemption from the 
all-channel set Jaw. Motorola and others wanted to make vhf-only 
sets for use in s:::hools, hospitals, hotels, and so on. FCC turned this 
down, but extended date of the all-channel requirements for school sets 
by two year~, to April 30, 1966. 

FIRST ROUND of discussions for a global satellite communications 
system have been successful, report Leo D. Welch, Communications 
Satellite Corp. Chairman, and Joseph V. Charyk, president, after talks 
with officials in Canada, England, Germany, France and Italy. Talks 
with other countries will come soon. European countries want to supply 
men and hardware and own part of the system. 

Meanwhile, the corporation has named Sidney Metzger, formerly with 
RCA, manager for components development and systems research ; 
S. N. Reiger, formerly with the Rand Corp., manager for systems 
analysis; and Edwin J. Istvan, formerly with the Air Force Office of 
Space Systems, technical assistant to the president. 
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(Photo 2~ times actual size) 

Got a match? 
Any ordinary book match will do. 

Placed over our AMPin-cert* 50-position Sub­
miniature Pin and Socket Connector, the match 
completely covers the contact area which is a full 
50% of the total! Compare this with other connec­
tors of only 20% area-use efficiency and obviously 
this gives you the density you need. But we didn't 
stop there. 

This is the only connector of its type which gives 
you crimped, snap-in type contacts. Here is an 
important plus feature when you're working in 
close quarters. It does away with cold solder 
joints, burned insulation, fine wire breakage and 
permanently fixed connections. Add to all this our 
controlled crimping process which delivers ter­
minated contacts all perfectly identical in appear­
ance and performance and you've got something 
th~t·s. ~ifficult to match-density, versatility and 
rellabtllty,atthelowest applied cost in the industry. 
•rra~emark cf AMP INCORl'ORATED 
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That's it, except for-
• wire range-stranded or solid-26-36 AWG 
• working voltage of 300 volts AC RMS or better 

.060 center to center spacing in single line 
( 050 in clusters) · 
polarized for error free assembly 
self extinguishing housing 

If you're looking for a sub-miniature connector 
that really packs in working features, send for 
complete information on our AMPin·cert Sub­
miniature Pin and Socket Connector today! 

!~~-:O:~~-~::~~-~I:_* ___ ~Ii 
Harrisburg, Pennsylvania 

L---------------~-----J 
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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Computer Runs Missile Tracker 

Atlantic range's newest 

giant interj erometer is 

a lot easier to work 

By JOHN W. WASIK 
McGraw-Hill World News 

CAPE CANAVERAL-The second 
of two Mistram (Missile Trajec­
tory Measurement Systems) de­
veloped by General Electric for 
the Atlantic Missile Range is 
scheduled to become operaUonal 
and begin supporting missile flight 
tests this July. 

Located on the down-range 
island of Eleuthera, the huge in­
te.rferometer will perform much 
the same as does the first system 
at Valkaria, Florida, will have the 
same operational requirements 
and approximately the same ac­
curacies (ELECTRONICS, p 38, July 
29, 1960 and p 109, Nov. 17, 1961). 

But much of the equipment in 
the second sy.stem is new or revised. 
It will be much easier to operate 

than at Valkaria thanks to a dig­
ital computer in the prec1s10n 
measuring subsystem. The computer 
r·eplaces a number of other items 
and can perform several tasks. 

Another big difference is in the 
layout of the site. Because of geo­
graphical limitations the station is 
laid out in a V shape rather than 
the L shape of the first site. Also, 
Eleuthera has only two remote sta­
tions while Valkaria has four. 

The Eleuthera Mistram is called 
System II by GE and the Air Force. 
Valkaria, some 30 miles south of 
Cape Canaveral, is System I. 

NEW SHAPE-Basically, Mistram 
is a missile tracking radar that 
employs interferometer techniques 
along very long baselines for ex­
tremely high accuracies. It trans­
mits signals to a missile~borne 

transponder, receives the return 
signals and calculates the missile's 
position and velocity. 

At Valkaria, two baselines 
stretch out at right angles from 
the central station. On each base­
line is a 10,000-foot station and a 
100,000-foot station. 

Global Mistram Next? 
CAPE CANAVERAL-A General 
Electric study of mobile tracking 
stations could result in a global 
or even space version of Mistram. 

Designated Oobra (Compatible 
On-Board Ranging), the system 
could be placed on land, at sea or 
in space vehicles. Unlike the Mis­
tram sites, Cobra would need a 
navigation system to get accurate 
location data. 

Mistram's range-measuring phi­
losophy is employed in Cobra, mak­
ing it compatible. Being compat­
ible, Cobra elements in a missile 
would function as a Mistram 
transponder near a Mis.tram sta­
tion, but would change their mode 
of operation once out of range and 
become a prime station, interrogat­
ing Cobra transponders spotted 
around the globe or in spa·ce. The 
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missile-borne system could then re­
ceive the responses and extract 
the ranges. 

A modest data link, says GE, 
would provide a means of identify­
ing the transponders and sending 
their position and velocity to the 
prime station aboard the missile. 

All the ground-based equipment 
and about 80 percent of the air­
borne equipment could be con­
structed with existing Mistram 
modules and circuit elements. The 
"flying" part of Cobra would con­
tain an X~band c-w transmitter, 
four receivers, data extraction 
equipment and telemetry gear. 

General Electric says Cobra's 
measurement errors will not ex­
ceed 4 feet in range and 0.12-fps 
range rate (smoothed over one 
second), at ranges to 1,000 n. miles. 

In Eleuthera's V-shaped layout, 
the central station is at the ver­
tex of the two baselines. One re­
mote station is 88,000 feet from the 
central station. The other is 155,-
000 feet away, located across a 
bay. 

The 10,000-foort stations at Val­
karia are connected by bur ied 
cable and waveguide and the 100,-
000-foot stations by microwave. 
System II depends entirely on 
microwave. 

PHASE STABILIZATION - At 
both sites, phase-stabilizat ion 
methods developed by GE are used 
on the microwave links to over­
come phase-shift due to changes 
in the electrical length of the base­
lines resulting from phys ical or 
circuit changes. 

The signal received from a Mis­
tram transponder at the cent r al 
station goes to a mixer and a lso 
on a round-trip to a remote station. 
The round-trip phase shift is com­
pared with the one-way shift of the 
signal received ·at the remote s ite 
from the transponder and sent di­
rectly to the central station over 
the baseline path. A m1xmg proc­
ess then eliminates the basel ine 
phase shift from the signals. 

Another problem at the Eleuthera 
site resulted from one baseline link 
being over water. Atmospheric fad­
ing caused temporary loss of sig­
nals transmitted across this base­
line. 

The solution is to use two micro­
wave antennas at the remote s ite. 
If the signal begins to fade, it is 
automatically switched to the sec­
ond antenna, offset by a distance 
sufficient to slightly change the path 
of the signal across the water. This, 
in effect, cancels the fading area. 

DIGITAL PROCESSOR-The dig­
ital data processor of System II 
makes operation much simpler 
with far less gear. In addition, a 
complete set o.f test and checkout 
programs is avilable on command 
from the operator's console. Special 
programs also permit post-flight 
analysis, trajectory synthesis and 
other similar ta·sks. 
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CONTROL CONSOLE at Eleuthera central station directs Mistram site 
and hand-over to Valkaria. Plotters show missile trajectory and position 

In System I, an analog computer 
subsystem drives the remote an­
tennas. Ana.Jog pointing data re­
ceived from the acquis ition and 
tracking subsystem is converted 
into digital form for transmission 
to the remote sites, where the sig­
nals are corrected for parallax, 
reconverted to analog form and 
used to point the antennas. 

System II's digital computer ac­
cepts the pointing data, corrects 
for parallax for each remote s ite, 
and points the remote antennas, 
all in one simple operation. 

LESS EQUIPMENT-A great deal 
of equipment was eliminated from 
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DIGITAL DATA processor sim­
plifies operation of the new system. 
This is the processor's control cen­
ter (top left) 

DATA FROM missile tests and 
system calibration tests within the 
system are recorded on these digi­
tal/ analog recorders (top right) 

WAVEGUIDE running from cen­
tral station to microwave tower at 
Eleuthera carries simulated signals 
transmitted to the system during 
functional analysis (lower left) 

RADOMES atop central station 
house the dishes for the precision 
m easuring and the acquisition and 
tracking subsystems. Microwave 
antenna at left is link with a re­
mote site (lower right) 

fhe 
Last Word In 

from 

PC>TTER 
the 

LP-1200 SYSTEM 
provides: 

• LOW COST BUFFER STORAGE ••• 
Computer proven Magnetostrictive 
Delay Lines are compatible with the 
fastest computer systems. 

• NEW DELAY LINE AMPLIFIER ••• 
Peak Dete ction circuit improves 
reliability at higher frequencies . 

• QUALITY HIGH SPEED PRINT-OUT 
Vacuum Paper control, coupled with 
high spee d paper feed produces 
clean, sharp impressions. 

• HUMAN ENGINEERING provides ... 
quick, front paper loading, ease of 
ribbon change, access to drum and 
hammers, convenient operating 
controls. 

• ADDITIONAL FEATURES ••• 
non-wearing Elastomeric torsion 
bearings assure long hammer life ; 
low inertia drive belts minimize 
clutch and brake wear. 

• 12 WEEK DELIVERY 

To learn how the Potter LP-1200 Printer 
System can reduce the cost of your 
computer time, write to the General 
Manager, Printer Division, .today. 
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System II by the digital computer. 
System I employs the servo-loop 
technique, using phase delay and 
other equipment to keep the trans­
ponder signals' two frequencies­
reference and calibrate-in phase. 
The digital data processor at 
Eleuthera does all this. 

Other changes include a simpler 
antenna design, more GE equip­
ment in the communication link 
subsystem and a slight revision in 
the data transmission subsystem. 
Data goes to Cape Canaveral over 
a submarine cable. 

RANGE TESTS-Tests using air­
craft are being run with the 
Eleuthera system and the data 
compared with ballistic camera 
data for evaluation. So far, the 
system is working within specs. 

One attempt was made to track 
a Titan II passively, but an iso­
lated malfunction precluded com­
pletion of the test. Engineers didn't 
anticipate getting very good data 
from the test, incidentally. 

Since the beacon antenna in the 
missile was pointed toward Val­
karia, the Eleuthera Mistram 
could get only side-lobe tracking. 

Main-lobe tracking will be pos­
sible from both stations when the 
system is operational. A common 
transponder in the missile will be 
used with, first, the Valkaria site 
tracking actively and Eleuthera 
passively, and then at the most 
opportune time in the flight, switch 
to Eleuthera active and Valkaria 
passive. 

The ultimate calibration and 
checlwut of both Mistram systems 
will come only when a Mistram 
transponder is placed in a circu­
lar-orbit satellite with known 
orbital parameters. 

Microwaves Will Link 
Western Power Project 
CONSTRUCTION will begin soon on a 
$2.3-million multichannel micro­
wave system to link ithe Bureau of 
Reclama.tJion's power generation and 
transmission facilities in the Colo­
rado River Storage Project. Utah, 
Wyoming, Colorado, Arizona and 
New Mexico will be served by the 
federally operated system. General 
Dynamicis' Stromberg-Carlson divi­
sion will build the network. 
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Military Communication 

Get Simpler, Smaller, 

AFC EA exhibits put 

emphasis on gear suited 

to tactical conditions 

By BARRY A. BRISKMAN 
Assi s tant Editor 

MOBILITY is emphasized in de­
signs like the AN/ TRC-66 C-band 
troposcatter system shown by Gen­
eral Instrument 

WASHINGTON - Our national 
ability to meet rapidly expanding 
militJary communiootions demands 
was demonstrated last week at the 
17th annual Armed Forces Commu­
nications and Electronics Conven­
tion and Exhibition. 

Throughout the more than 175 
exhibits, there was an obvfous ac­
cent on improvements in communi­
cations speed, cap.aoity, flexibility 
and reliability, and on reduction in 
equipment size and weight through 
solid-state techniques. 

RADIO-The stability of military 
radio equipment is being raised 
by advanced frequency-.synthesis 
techniques. Solid-state synithe­
sizers result in receiver stabilities 

as high as 1 part in 10' a day for 
pracbical 2 to 32-Mc superhets. 

The Manson Laboratories ASR-2, 
for example, will receive a wide va­
riety of signal modes, has sens1itiv­
ity better than 6.2 µ.V for 10-db 
S + N/ N, image rejection greater 
than 95 db at 16 Mc and four inde­
pendent age's. 

A number of companies empha­
sized modernization of operational 
military equipment by offering 
modification kits that allow in-the­
field updating to s·bate-of-the-arrt 
performance. 

While muJ.ti-mode transmititers 
are still available, emphasis is 
strongly centered on single-side­
band for voice communications. 
Compact linear amplifiers permit 
very high talk-power even for mo­
bile use. New vacuum tube tech­
niques and cooling systems allow 
equipment in one mobile van to do 
a job requiring three vans a few 
years ago. This greatly enhances 
tactical flexibiliity. 

BROADBAND TANKS-To re­
duce operator error, transmitters 
eliminate complricated tuning by 
using broadband tank circuits. 
These have almost oonsrtant power 
output over a given frequency 
range between 1 and 30 Mc. Fre­
quency is changed by selector 
switches. Some high-ranking mili­
tary communicaitions personnel feel 
that all h-f transmitte.rs may be so 
equipped in the near future. Equip-

COMMERCIALLY styled equip­
ment such as this SSB transceiver 
by RF Communications Associates 
drew kigh interest. Conventionrtl 
squarish Toole may be on the way 
out in military gear 
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Systems 

Faster 

ment of this type has already been 
delivered to the servrice; the AN/ 
GRC-106 recently standardized on 
by the Army has a completely 
broadband final amplifier. 

HIGH-SPEED DAT A-Electronic 
teletypewriiters with n€w charac­
teristicis were shown at AFCEA. 
Kleinschmidt's a 11 - tr a n s i st o r 
printer, for one, prints 60 to 400 

EMPHASIS on portability was 
demonstrated in Sylvania's new 
millirneter-wave communications 
set. Radiations from internal horn 
antenna produce a beam 

wpm and could print 10,000 wpm, 
a line at a time. It can handle 
standard direct-wire communica­
tions and input and output for com­
puters requiring high-speed print­
ing. 

Data equ·ipment shown fills mili­
tary needs for handling high-vol­
ume communications in limited 
bandwidths over wire, cable, car­
rier and microwave facilities. One 
duobinary system (ELECTRONICS, 
p 61, March 22) shown by Lenkurt, 
features switch-selected discrete 
rates of 2,400, 1,200 or 600 bits per 
second, with continuous rates at 
any speed up to 1,200 bps. 

GE's AN/ FCC-18 multiplexer set 
is typical of latest high-capacity, 
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ALL UNITS ACTUAL I 
ALL AXIAL LEAD 

BLUE JACKET RESISTORS 
in I, 2, 3, 5, 7 and I 0-watt power ratings are carried in 

factory stock for immediate delivery. 

Place your order now with your 

nearest Sprague District Office or Sales Representative. 

Key Sprague Industrial Distributors 

carry most popular ratings in local stocks. 

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

SPRAGUE COMPONENTS 

RESISTORS PACKAGED COMPONENT ASSEMBLIES 

CAPACITORS FUNCTIONAL DIGITAL CIRCUITS 

TRANSISTORS MAGNETIC COMPONENTS 
SPRAGUE® 

INTERFERENCE FILTERS PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS CERAMIC-BASE PRINTED NETWORKS 
THE MARK OF RELIABILITY 

PULSE-FORMING NETWORKS ~IGH TEMPERATURE MAGNET WIRE 
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Commercially Available . 
FOR THE FIRST TIME 

X-BAND 
TRIODE 

Oscillator 

Trak Type 9170-Diometer 'lo in ., length 2114 
in. including projectiont . Weight 2 ounces . 

COMPARE ITS PERFORMANCE 

. . . with any other type of local X-Band os· 
cillator. 

• It is tuneoble over 500 Mc in the range 
from 8.0 lo 9.6 Ge. (Compare this with 
solid state crystal oscillator-multiplier chains 
which ore fixed frequency.} 

• Power output is greater than 3 milliwatts, 
cw. 
• low voltage requirements-150 volts B+ 
and 6.3 volt heater supply. (Compare this 
with o Klystron.} 

• Cleaner spectrum--residuol AM and FM 
noise is far below reflex Klys t rons. 

• Frequeni:y stable-5 ppm / °C from -55°C 
to +125°C. 
• Smaller and lighter-than any other X­
Bond local oscillator that we know of on 
the market today . 

• Re placement cost is low. You almost get a 
second oscillo-tor free because the tube is re­
placeable. 
• It's much more rugged-meets the tough· 
est environmental tests for shock and vibro· 
tion. 
• Delivery now-small quantities ore im· 
mediately available. On large orders, Trak 
Microwave hos production facilities to meet 
your requirements. 

TRAK STOCK OSCILLATORS 
COVER 400 Mc to 10 Ge. 

Trak offers a complete line of microwave 
osci Ila tors , 400 Mc . to 10 Ge ., harmonic 
generators and amplifiers . 

You con get immediate delivery of stock 
items and quick delivery of modifi ed dee 
vices or prototypes. 

Send for ful I information, or, if you are 
in o hurry, PHONE COLLECT-TAMPA 
877-6735. 

TRAK 
MICROWAVE 
CORPORATION 
5006 N. Coolidge Ave. 
Tampa 3, Florida 

Specialists In Miniature 
Microwave Energy Sources 
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miniaturized, communications sys­
tems for fixed or portable use. An 
all-transistor duplex carrier unit 
for microwave relay, troposcatter 
or cable use, it operates on single­
sideband suppressed carrier, offers 
up to 600 full duplex vnice chan­
nels. Lenkurt Electric's AN/ 
FCC-17 provides vnice, teletype­
writer data or graphic services 
over circuits of at least six tandem 
voice-frequency links covering a 
total of 6,000 miles or more. 

FACSIMILE - Among improved 
facsimile systems is the UXH-2, 
developed by Litton's RADCOM­
Westrex division and Navy. It 
prints on pressure-sensitive paper 
that has unlimited shelf life and 
can be copied. Carbon paper and 
plain white sheets can be used. 
Speed is 60, 90 or 120 scans a min­
ute, resolution is 96 lir.es an inch. 
The company's mobile AN/ GXC-4, 
manufactured for Army, will trans­
mit photos or other copy half 
way around the world in 4~ min­
utes . 

RADAR - General Dynamics 
showed its new high-resolution ra­
dar (ELECTRONICS, p 36, May 31). 
It can identify a moving vehicle in 
a forest or it can discriminate be­
tween objects only a few inches 
apart. 

The Bendix RDR-lE version of 
the RDR-1 airborne weather radar 
has a power of 50 Kw and extends 
range to 210 nautical miles. It uses 
60 transistors, four vacuum tubes 
and three Nuvistors, while the 
RDR-1 has 38 tubes. 

IONOSPHERIC SOUNDING-
Military interest was high on sys­
tems that predict best selection of 
frequency for communications over 
a given path. Called synchronized­
oblique ionosphere sounders, one 
system by Granger Associates de­
vices provides direct, real-time dis­
play of maximum and lowest opti­
mum frequencies and multipath 
distortion and input of propagation 
parameters to on-line computers 
programmed to give intermediate­
term path predictions. 

Transmitters Fly to Troops 
ARMY'S Strategic Communica­
tions Command is now testing in 
the desert near Yuma, Ariz., an 
air-transportable broadcasting sys­
tem designed for psychological 
warfare and for communicating 
with people in occupied areas. 

Army says the need for such a 
system was demonstrated in Korea, 
Leban on, Viet Nam and during the 
Cuban crisis. The system's main 
studios can be located in a rear 
area, while the transmitters go 
along with tactical forces. 

The mobile transmitters, air­
lifted to the test site, broadcast 
programs originating at Fort 
Lewis, Wash., 1,000 miles away. 
Brnadcasts are monitored in the 

Canal Zone, for an overall test 
transmission distance of 5,000 
miles. Both the field transmitting 
stations, and the base studios, can 
be transported by helicopter. 

Gates Radio built the system for 
Army in less than a year, under a 
$1.6-million contract awarded last 
summer (ELECTRONICS, p 8, Aug. 
24, 1962). 

Called the AN/ TRQ-20, the sys­
tem consists of two 50-Kw medium­
wave a-m stations, a 50-Kw short­
wave station, two receiving or 
monitoring stations, single-s,ide­
band 2 to 30-Mc studio-transmitter 
communications equipment with a 
range of 1,200 miles, and support­
ing equipment, in 23 vans. 

SHELTERS in desert. These are two of six studio and transmitter shelters 



A MIGHTY BIG STEP 

NEW 
STANDARD 
CIRCUITS 

A MIGHTY IMPORTANT STEP FOR YOU! YOU CAN NOW BUY PRINTED 
CIRCUITS WITH YOUR CONDUCTOR AND HOLE PATTERN ••• WITHOUT 
ARTWORK ••. WITHOUT QUOTATIONS ... WITHOUT TOOL CHARGES, AND 
IN MOST CASES, AT HALF THE USUAL COST AND IN HALF THE USUAL 
DELIVERY TIME! Our new Standard Circuit Division reduces p1·inted circuit manufacturing 
overhead to the barest minimum by automation and standa1·dization. Mass production techniques 
drastically reduce costs, delivery time, and improve quality-

yet still give you flexibility in board design. Sound exciting? Ph 0 to c ,·re u1· ts 
For complete information write today f or our 16 page 
brochure detailing this major printed circuit breakthrough. CORPORATION • GLEN COVE. N.Y . • ANAHEIM. CALIF. 
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If you' re tired of hearing about the 
"perfect" printed circuit connector, 
you're just the man we want to talk 
to. 

We're here to offer you freedom of 

choice. because that's where objectiv­
ity begins. The boy blowing his last 
penny on candy wants to be able to 
choose between the 30-second delica­
cies and the stuff that lasts all after­
noon. Ifs licorice versus jawbreakers, 
root-beer-barrels versus bubble-gum. 
They're all good, but none are perfect. 

That's why we make such a variety 
of printed circuit connectors. Each 
type and style has its own special 
bailiwick. They' re~ all ·perfect" when 
they're applied properly. 

OUR NEW BELLOWS-TYPE 

Take the new Amphenol 225-series. 
This bellows-type connector has the 
smoothest, gentlest, most efficient ma­
ting action you'll find anyplace. Even 
after thousands of insertions, the deli­
cate conductive surfaces of the printed 
board are unscathed by the 225. 

The 225-series has remarkably low 
contact resistance, too. For the solder 
terminated style, ifs under 25 milli­

volts at 5 amperes. 
The bellows-type contact on the 

225-series is split down the middle. 
You get two contact points for every 
interconnection. This helps keep the 
contact resistance low, of course, but 
it also conforms readily to irregular 
mating surfaces. 

The 225 is convex. It meets and 
mates the printed circuit board with a 
wiping action that assures contact. 

AND, FURTHERMORE 

The 225-series contact is self an­
chored in the connector body. Con-

Objectivity 
tact faces will not distort at the slightest 
pull on the terminals. 

The 225-series has twice the flexing 
range that you'll find on other bellows­
type contacts. This means you can 
rock the board twice as far with no 
danger of contact distortion. 

The 225-series does not waste valu­
able contact space with a polarizing 
key. The key is sandwiched in be­
tween contacts. 

The 225-series can be terminated 
with solder lugs, taper pins, removable 
crimps, or Wire-Wrap* terminals. 

Contact styles? Contact positions? 
Mounting provisions? Well, let's just 
say that there are over I 00,000 combi­
nations available in the Amphenol 
225-series bellows-type connector. 

WHO NEEDS IT? 

And now for the facts of life. Some 
people simply don't need the 225-
series. Some printed circuit boards are 
inserted once and never disturbed 
again. Some printed circuits are never 
subjected to pull on the terminations. 
Some printed circuits are not really 
so delicate that they must be protected 
from contact wear. Some printed cir­
cuit boards never get rocked. And in 
some applications, the space taken up 
by a conventional polarizing key is of 

no consequence., And so forth. 
And that is why Amphenol makes 

Prin-Cir® connectors, Micro-Edge® 
connectors, Micro-Min® connectors, 
and specials that haven't been named 
yet. They are all printed circuit con­
nectors. They are all "right" where the 
need dictates their use. 

The hero of this story is the 
Amphenol Sales Engineer. He's the 
only man who has access to a complete 

•r.M. Gordner.Denver Co. 

line. Thus he's the only man who 
can look you in the eye and tell you 
exactly which printed circuit connect­
or you need. Objectivity. 

You won't hear Amphenol Sales 

Engineers telling you about perfect 
connectors. They don't have to. They 

know better. 

DETAILS, DETAILS 

If you're really interested in seeing 
what a complete line of printed circuit 
connectors looks like, we invite you 
to write for our new 20-page catalog 
PC- I. Just contact your localAmphenol 
Sales Engineer, or write to Dick Hall, 
Vice President, Marketing, Amphenol 
Connector Division, 1830 South 54th 
Avenue, Chicago 50, Illinois. 

Problem: To make contacts that give an 

extremely low millivolt drop, yet do not mar 

printed circuit conductors, even after thou­

sands of insertions. 

Solution: Bifurcated, convex faces for sure 

contact. Double spring action with wide 

flexing range. Then double-plate and polish 

so smooth they caress the mating surface. 

EM~:l~:[IJ) Connector Division/ Amphenol-Borg Electronics Corporation 





Sonotone batteries spark portable power to action! 
Mite or might-if it's portable, the chances are it relies on 
Sonotone rechargeable sintered-plate, nickel-cadmium cells and 
batteries. That goes for everything from space satellites and 
missiles to cordless razors and toothbrushes, and even to small, 
delicate medical instruments. The reason is this: Sonotone pio­
neered in the development of high-power/low-weight recharge­
able batteries. With more years of experience in th is field than 
any other American company, Sonotone has built up an un­
matched record of reliability ... and an unmatched reputation 
for cooperation with design engineers. What new product are 

you working on? Let Sonotone help you solve your power prob­
lem. Write today for technical data, stating your application 
requirements ... and we'll be happy to lend you a hand. 

Sonotone Batteries MM-13 have been used in U.S. ICBM Titan I 
and Sonotone Batteries MM-14 have been used in the emergency 
ground support. Many electric toothbrushes use Sonotone Sealed 
Battery S-113. These are just three of more than 300 Sonotone 

r~chargeable. sintered-plate. Sonotone Batteri·es 
n1ckel-cadm1um cells and 
batteries available to you. portable power for progress 

Battery Division, Dept. B 24-63, Sonotone Corporation, Elmsford, New York 
Aircraft Batteries • Missile Batteries • Satellite Batteries • Power Supplies • Battery Chargers • Audio Products • Hearing Aids 
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t;O HfRSHEIMt:R 
COMES JN AND 

l TELL HIM 

!>.. 
,. I'M QUJTfl NG! 

!M AN ENGINEER 
AND I OUG!ff 
~=--- 10 KNO'J./ 

WHAT Af-J 
ENGINEER 
WANTS! 

AND Hf: SAYS 
WHY? YOU'RE 
GETTING AS MUCH 

A5 5/EFRIED 
AND LUCAS! 

I WANT FULFILLMENT 
I WANT TO WORI< ON 

THE' SURVEYOR. 
AT HUGHESl 

f\kJ MORE ELt:CfRON!C 
EGG-TIMERS ! I'LL 

BE CONTRIBUTING! 
I'LL BE DO/NG 
SOMETHING SIGNIFICANT! 
50METHING INTER-PLANETARY! 

Hughes is hiring! Numerous opportunities now exist on a variety of 
advanced projects and studies. For example: MMRBM Integration , Assembly & 
Checkout, F-111 B PHOENIX Missile System, TOW Anti-Tank Missi le, SURVEYOR 
Lunar Spacecraft, SYNCOM Communications Satellite, ARPAT, POLARIS 
Guidance, VATE Test Equipment, ICBM Defense Systems & others. Positions 
are open for experienced specialists with accredited degrees and U.S. citizenship. 

CONTROLS ENGINEERS- Concerns airborne 
computers and other controls related areas for: 
missiles and space vehicles, satellites, radar 
tracking, control circuitry, cont rol systems, 
control techniques, transistorized equalization 
networks and control servomechanisms. 

CIRCUIT DESIGNERS. Involves analysis and 
synthesis of systems for: telemetering and com­
mand circuits for space vehicles, high efficiency 
power supplies for airborne and space electronic 
systems, space command, space television , guid­
ance and· control systems, and many others. 
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INFRARED SPECIALISTS. To perform sys­
tems analysis and preliminary design in infrared 
activities for satellite detection and identification, 
air-to-air missiles AICBM, infrared range meas­
urement, air-to-ai r detection search sets, opt ical 
systems, detection cryogenics and others. 

SYSTEMS ANALYSTS. To consider such 
basic problems as: reqvi rements of manned space 
flight; automatic target recognition requirements 
for unmanned satellites or high speed strike re­
connaissance systems; IR systems requirements 
for ballistic missile defense, 

SD I SAID: MONEY! 
WHAT'S MONEY? YOU 
13USINE55MEfV JUST 
DON'T UNDE.RSfAND 

IHE MIND 
OF AN 
ENGINEER.! 

JU51 IH lNkf 
£0 MEDAY Tl-IERE'LL 
~~ BE A LffTLE 

PIECE OF ME 
ON THE 

MOON! 

f3E51DES­
HUGHES 

IS CLOSER 
TO THE 

BEACH. 

Please airmail 
your resume to: 

Mr. Robert A. Martin 
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 39, California 

Creating a new world with eleclronics r------------------------------1 
' ' I I 

j HUGHES ! 
1..-----·------... ------------------..11 
HUGHES AIRCRAFT COMPANY 

A E RO S PACE D IVISI O NS 

An equal opportunity employer, 
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"The Light Touch In Automation and Control" 

6 Years Ago 

RELIABLE 
System Components 

Reliability jn computer components means 
a great deal lo IBM and its customers; 
down time is extremely expensive. Clairex 
photoconductive cells, becavse of their 
rigid!~ controlled porameters and obility 
to perform indefinitely with little or no 
maintenance, have been among compon .. 
enls used for years by IBM. The CloireJ< 
cells function as the 0 eyes" of important 
IBM light-actuated tape drive controls. 

These tape drives ore now operating in 
thousands of compufer systems around 
the world - providing daily , proof 
through perfor~once of Clairex reliability! 

You too con enjoy this confidence in 
supply. Cloirex cells hove been employed 
by hundrnds of major firms in outer 
space, photography and dozens of other 
interesting fields. These cells offer a 
brood range of diarocteristics to the de· 
sign engineer in the largest line of bOth 
gloss and metal photoconductive cells 

jo"/~'' . 
CLAIREX ~ 

CORPORATION 
The Oldest Manufacturer of Cadmium Sulfide 
and Cadmium Selenide Ph otoconductive Cells 

8 West 30th Street, N, Y. 1, N. Y. 

"New 16 page Photoconductive Cell De· 
sign Manual Free on Request". 
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Micropower Talks Hit the 

Traveling speakers will 
tell Europe about new 
military and space designs 

FIRST INTERNATIONAL confer­
ence on micropower electronics 
was slated to open in Paris yes­
terday. Sponsored by NATO's Ad­
visory Group of Aeronautical Re­
search and Development, the 
meeting will deal with new elec­
tronic devices and circuits that 
operate at very low power levels 
and permit high packaging densi­
ties. 

Conference chairman Edward 
Keonjian, of American Bosch 
Arma, said AGARD recommended 

the meeting because NATO as a 
whole is vitally interested in con­
tinued reduction in the size and 
weight of military electronics, 

To enable maximum participa­
tion, the conference will be held 
in several European countries. It 
will end in Rome. 

Robert C. Baron, of Computer 
Control Co" will speak on design­
ing minimum power digital cir­
cuits for space applications. He 
will describe the scientific data 
conditioning system (SDCS) his 
company built for Mariner II. 

Easiest way to reduce power re­
quirements, says Baron, is to re­
duce voltages lower and lower, 
then devise circuit tricks to mini-

Monica Watches Her Weight 
Integrated circuits and 
etched-plane memory keep 
new military computer slim 

LO S ANG E LES - Autonetics 
plans to have its new integrated­
oircuit Monica computer ready to 
fly late this year and follow up with 
a more powerful central computer 
next spring. The company expects 
reJ,iability to be better than 2 years 
mean time between failures. 

The computers are designed for 
airborne ineritial guidance, flight 
control and automatic checkout, 
and for submarine navigation. 
There are two miLitary models, C 
and J, Monica C is more powerful 
and features parallel operation. 

Among packaging techniques 

used to keep down srize (Monica C 
measures 5cii x 9g x 13 inches) 
are: 

• Multilayer circuit boards inter­
connect integrated circu'its and 
modules. Photochemical methods 
build up and interconnect the lay­
eris with no holes drrned through 
the board 

• Memory-core planes are made 
by fixing cores in holes etched in a 
copper-clad epoxy-glass board. 
Gores are through-plated and the 
board is then etched to get the con­
ductor pattern. 

• Power supply circuit boards 
are laminated to metal to conduct 
heat to the computer's s,idewalls. 

The computers have a random­
acce&s core memory of 8,192 words 
expandable to 32,768 words. A 
rapid-access memory of 256 words 
cycles in 1 microsecond. 

ONE OF MONICA'S 4,096-bit memory planes is eyed by Jam es Slauson, 
project engineer (left). Multilayer boar ds (right) interconnect integrated 
circuits and modules 



NATO Road 
mize circuit inefficiency and 
further cut power requirements . 
One of the primary areas for cir­
cuit optimization, says Baron, is 
charge and discharge of stray ca­
pacitances. 

SDCS weighed less than six 
pounds, occupied 144 cubic inches, 
required less than one watt. 
Equivalent circuitry of conven­
tional design would have used 
about 50 watts, says Baron. 

AMPLIFIER DESIGN-An opti­
mum-design technique for apply­
ing micropower transistors in 
linear broadband amplifiers will 
be reported in a paper by J. D. 
Meindl, R. A. Gilson, 0. Pitzalis 
and W. Kiss, of U. S. Army Elec­
tronics R & D Laboratory. The 
technique, which unifies d-c and 
large-signal a-c design, also serves 
as the basis for a worst-case de­
sign procedure for linear ampli­
fiers considering transistor and 
resistor tolerance margins. 

Micropower amplifiers have been 
designed using a simple thermis­
tor-compensation technique whose 
gain and terminal impedances are 
virtually insensitive to large tem­
perature changes between -50 C 
and 100 C. A common-emitter 
broadband amplifier opera ting 
from a 3-v supply with load and 
source impedance of 50 K can 
provide 180-mv peak a-c voltage 
over this range. Power drain is 
23 microwatts, power gain is 25 
db. If peak-load voltage capability 
is reduced to 150 mv, the ampli­
fier can accept 10 percent worst 
case resistor tolerance. 

Bandwidths vary from 7 Kc to 
25 Kc but increases of 2 to 5 times 
are possible with a cascode cir­
cuit. (For a power drain of ap­
proximately 30 microwatts, 140-Kc 
bandwidths have been obtained at 
room temperature.) 

Other speakers include J. W. 
Moll, of Stanford University; 
A. W. Lo, of Princeton University 
and IBM; W. W. Gaertner, of CBS 
Labs; G. E. Moore, of Fairchild 
Semiconductor; M. A. Bou~ter, of 
Semiconductor Ltd., and A. T. 
Watts, of Mullard Radio Valve Co., 
both of England. 
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THE ONLY HIGH RESISTIVITY ALLOY 
USED AS A RESISTANCE STANDARD 

i \I Resisti'lit~ ionte 
• l\ g ( t Resis ( per 
• LoW 1 o I (t,\f to op 

1Mrmo 
• tow . \"obi\itY 
• l\jg\I Re 1 

Maintains Highest 
Stability Over Long 
Periods of Time and Wide 
Ranges of Temperature ! 

i' 

EV ANOHM, the t ime-t ested standard of the precision wire-wound 
resistor industry, f eatures t he lowest thermal EMF versus copper 
of all resistance alloys .. . with stability within a few parts per 
million per year. E V ANOHM is recommended for all precision re­
quirements where h ighest reliabillty is essential, and is well suited 
for analog computers and guidance equipment for space applications. 
EV ANO HM, in .0004 and heavier gauges, can be supplied from 
stock, either bare or enameled, for immediate delivery. The Wilbur 
B. Driver Company's engineering "know how" is avai lable to help 
solve your problems. Call or write WBD for recommendations on 
your requirements, or request EV ANO HM brochure ! 

Composite Graph of Mean Change in Resistance of Enameled 
EVANOHM at Room Temperature for Prolonged Periods of Time 

+1s..-----""'T""--,..---..-...,.....-----..-----,..----..--..--~-~~~ 
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~ A Proceedings I.E.£ . Vol. 103, 
u; -10 part B. No. 10, July 1956 ----1 
"' I t 
0: - l S Each point r7resents a :i,an ".J:e for sever1I resistors. 

10 20 30 40 50 100 
TIME (DAYS) 

200 300 1 YEAR 

WILBUR B. DRIVER COMPANY 
Newark 4, New Je rsey-Tel . HUmboldt 2 -5550 (Area Code 201 ) 

MFG. PLANTS-1875 Mccarter Highway Newark 4, New Jersey; 50 Ronson Drive, Rexdale {To ronto), Ontario. Canada 
BRANCH OFF ICES-Chicago~. Philadelphia, Los Ange les•, Minneapolis, Cleveland* , Hartford {*Indicates Warehouse) 

Melters and Manufacturers of Custom Electrical, Electronic, Mechanical and Chemical Alloys for all industries 
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RELIAB ILITY BY D E SIGN : 

o.c. 

WESTON 

Unequalled flexibility 
with one basic meter I 

No other single line of matching panel meters can equal the flexibility 
and performance of Wes ton Series 1900. That's because these instruments 
are designed to give you almost unlimited freedom of choice in all impor­
tant electrical and physical characteristics. Now, there's no need to com­
promise on any feature I 

These instruments are supplied with Weston pivot and jewel move­
ments or new Weston Taut Band Suspension for highest accuracy and 
sensitivity. You select the mechanism you want-self-shielded Cormag®, 
external magnet or iron vane. And all instruments of the same size are 
physically interchangeable . . . regardless of the mechanism or movement. 

This unique line is supplied in five sizes from 2Y2" to 7Y2", in a wide 
variety of a-c and d-c functions , with full-scale accuracies of -+-2%, -+-1 % , 
or higher on special order. All meters have 100° arcs for easy reading. 

Styling is important, too. You can choose conventional Bakelite fronts 
or modern, clear plastic with provision for inserts for color coding. And 
only Weston Series 1900 Panel Meters offer a choice of three mounting 
methods -surface, flush or recess. Write for detailed technical bulletin. 

T I I 1 Newark 14. New Jersey 
~3' WES-r-:Q N ~ 6t4Fre1mghuvsenAve .• 

INSTRUMENTS & ELECTRONICS ::;:::~:.0~corporated 
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Factory Truck Trend: 
More Remote Control 

CHICAGO-An accelerating t rend to­
ward solid-state electronic control 
of warehouse and factory vehicles 
was evident last week at the Mate­
rials Handling Show. 

Jarvis Webb Company's new or­
der-picker lets a warehouseman on 
an elevated platform pick orders 
from 20-foot-high shelves while the 
tractor follows a magnetic or opti­
cal guide path on the floor. Vari­
ous switches and sensors provide 
for such functions as coupling, 
horn-blowing and opening doors. 

For magnetic operation, wires 
carrying radio energy are bu r ied 
in the floor. A blocking system 
allows several vehicles on the same 
circuit without collisions. For opti­
cal guidance, painted guidelines or 
colored tapes are placed on the fl oor. 
Radio controls can be adapted to 
either system. 

Barrett Electronics showed an 
attachment for electric t r ucks that 
permits magnetic or optical guid­
ance and dispatching. The com­
pany's radio-command system fo r 
overhead cranes uses a repetitive 
coding technique and redundant de­
coding receivers to prevent acci­
dents being caused by stray rfi 
signals or loss of command signals . 

Telemotive division of Dynascan 
Corp. reports it has sold 22 of its 
radio control systems for hot-metal, 
acid-pickling and high-carbon-dust 
area remote control applications. 

ORDER-PICKER takes high road 
while truck follows guide path on 
warehouse floor 
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SERIES 

You choose size, function, accuracy, mounting and style! 
Illustrated above are only 15 Weston Series 1900 Panel 
Meters. The possible combinations of features these 
instruments offer is almost unlimited. In fact, for any 
given function and range, you can select from more 

than 100 possible configurations of size, accuracy, 
style and type of mounting. Specify the features you 
want, and you'll see why this line of matching instru· 
ments is the broadest and most flexible ever offered! 

Size: Weston Series 1900 Panel Meters are available in 
five sizes: 21/z"; 31/z"; 41/z"; 51/2''; and 71/z". 

THREE MOUNTING METHODS to protect against external magnetic fields. With proved 
Weston pivot and jewel movement, or new Weston Taut 
Band Suspension with Co·planarw Suspension which pro­
vides complete control of ribbon length and movement. 
Style: Conventional Bakelite fronts for all except 711z• 
size; all sizes available with modern clear plastic cases 
with provision for inserts for color coding or styling. 

Function: d-c; a-c; VU; Thermo; Rectifier; and Log-scale. 
Range, full scale: Ten standard d-c µa ranges (20 to 
500l; d-c ma in 9 ranges n to 500l; d-c amps in 7 ranges 
n 00 to 500l; d-c volts in 11 ranges (2 to 500). Three 
standard a-c µa ranges (100 to 500; a-c ma in 9 ranges 
n to 500l; a-c amps in 6 ranges n to 30l; a-c volts in 
16 ranges (3 to 500); Thermo amps in 5 ranges (1.5 to 
15). Other ranges on request. 
Accuracy: ±2%; ±1 %; higher on request. 
Pointers: Lance pointer, 100° arc scale; knife-edge 
pointer and mirror scale for highest accuracy. 
Movement: Iron vane; external magnet; or Cormag@ Surface Flush Recess 

Mounting method: Only Weston Series 1900 can be 
mounted in three ways-surface, flush or recess. 
Illumination: Available for recess mounting. 

No matter what features you've indicated above, lay­
out problems are simplified because all instruments of 
the same size are directly interchangeable. 
Full information is contained in our technical bulletin. 

~ W ES~Q N / 614FretmghuvsenAve .. 
~ I I I Newark 14. New Jersey 

INSTRUMENTS & ELECTRONICS :a;:::~:.0~corporated 
CIRCLE 25 ON READER SERVICE CARD 



NAVY'S SHRIKE missile is de­
signed to home in on radiation of 
enemy radar and destroy it 

Mass production to 
begin on air-launched 
radar-busting missile 

Shrike Will Be "BIG BUY" 
WHILE THE $1.5-million award 
just g<iven to Texas Instruments 
Incorporated for the Shrike missile 
is relatively small as weapons con­
tracts go, it signals the start of a 
major new missile-buying program 
by Navy and Air Force. 

Shrike is slated to become one of 
the most important air-launched 
tactical missiles. The solid-fueled 
miss1ile is designed to home in pas­
sively on enemy radar emissions 
and destroy the radar system while 
the plane that launched it remains 
a safe di1stance from enemy anti­
aircraft missile batteries. 

Shrike was one of the new weap­
ons seen last Friday by President 
Kennedy on his tour of West Coast 
military bases. He saw it dul'ing a 
"turkey shoot" at the Naval Ord­
nance Test Station (NOTS), China 
Lake, Calif., where Shrike was de­
veloped. 

PROCUREMENT-Navy and Air 
Force are mum on the number of 
miss iles bought. However, defense 
offioials say the 1963 procurement 
represents only pilot production, 
that there is going to be a "pretty 
big buy" of Shrike. The big pur­
chase orders will come during fis­
cal 1964. 

In 1964, Shrike will be intro­
duced in Navy's fleet and in the Air 
Force. Navy will use it on fighter 
and attack aircraft. Air Force has 
halted work on a comparable anti­
radar missile and is to adopt the 
Navy weapon. 

Production models of Shrike will 
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be bought competitively, as is done 
with Sidewinder, Sparrow and 
other high-volume air-launched 
missiles. Procurement will be by 
fixed-price contracts with cost-plus 
incerutive fee contracts. Initially, 
procurement will be on a sole­
source basis, with assembly done at 
NOTS. NOTS is system manager 
and technical director of the proj­
ect. Navy owns design rights on 
the missile. 

Texas Instruments is building 
the guidance equipment and air­
frames and, has so far, received 
over $5 million in development con­
tracts. TI is building a 435,000-sq­
ft building for mass production. 

MISSION-Earlier in its develop-

ment, Shrike was known as ARM 
(Anti-Radiation Missile). Some of 
the experience Navy gaiined with 
its Corvus anti-radar missile proj­
ect---<:ancelled some time ago-has 
been applied to Shrike. 

While details of the missi le's per­
formance are secret, indications 
are that it is designed to operate 
against control radar like those em­
ployed by Nike batteries. It's mis­
sion may be to come in under the 
radar beam to avoid detecition until 
it has zeroed in on the target. This 
could prevent radar operators from 
turning off the beam-the homing 
signal-until it is too late. 

The Shrike is aptly named. A 
shrike is a bird that pecks at the 
eyes of its enemy. 

Cape Gets New Radar 
Design permits future 
adaptation for tracking 
as far as the moon 

P ATRICK AFB, F LA.-First of 
seven new-generation radar was 
officially turned over to the At­
lantic Missile Range here last week 
by designer/builder RCA's Mis­
sile and Surface Radar division. 
Two more are scheduled to go to 
the National Aeronautics and 
Space Administration. 

Designated AN / FPQ-6, the radar 
uses a 29 -ft Cassegrainian antenna 
with 5-horn monopulse feed and a 
high power (3 Mw) transmitter. 
Its prime function is to make pre­
cise position and velocity measure­
ments of missile and space vehicles 
(ELECTRONICS, p 26, Dec. 15, 1961 ). 

Design of the system permits 
later adaptation to a number of 
design advances and applications. 
The basic echo-tracking range of 
500 nautical miles for a one-square­
meter target can be extended to 
900 miles by using the full pulse-
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SIMPSON INSTRUMENTS STAY ACCURATE 

/ 
eight).eadaches 

you can't 
get 

with a 
Simpson Meter 

SIMPS~N ELECTRIC COMPANY 5203 West Kinzle Street, Chicago 44, Ill. 
Phone : (312) EStebrook 9•1121 
In Canada: Bach-Simpson Ltd., 
London, Ontario 

"STICKERS" 

LINT 
GRABBER 

SHIFTY CALIBRATION 

TEMP. DRIFT 
(Composition Resistors) 

If you are an equipment builder, you yourself may not 
come down with the headaches shown above. But your 
customers can. The shortcuts in meter quality which 
cause such malfunctions don't always show up during 
incoming inspection ... but just wait 'til the equipment 
is in use. 

That's what makes "price meters" so treacherous. You 
try to cut costs on one end, but lose your shirt on service 
calls .and returned merchandise at the other. 

CRAZED CASES 

MIDDLE AGE 
DRIFT 

YELLOWING CASES 

TEMP. SENSITIVE 
(No Compensation) 

The remedy is Simpson meters. Through experienced 
engineering, and a policy of no shortcuts in design, 
Simpson eliminates these meter troubles ... and the 
price for this quality insurance is surprisingly clOsetO 
so-called " price meters." 

You. can get stock Simpson meters immediately from 
your distributor in 1300 sizes and types . .. or custom 
meters from the factory in almost infinite variety. 
Write for General Catalog No. 18. 

f.lepresenlal/ves in Principal Cities 
... See Telephone Yellow Pages 
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Your Only Source 

Worthy Of The Name In 

PRECIOUS 

PLATING 
of CRITICAL 

ELECTRONIC 
COMPONENTS 

.•. DEMANDING: 

• Purity of deposit 
• Completeness of coverage 
• Close tolerances 
• Tight quality controls 
• Rigid inspections 

Our experienced staff specializes in high 
reliability, heat resistant plating with 
Gold, Silver, Rhodium and other pre­
cious metals. Prices on specific appli­
cations submitted promptly. Deliveries 
of completed assignments are on time, 
too. Write, wire or phone: 

PRECIOUS METAL PLATING 
DIVISION OF CHEMICAL PLATING COMPANY 
120 Bruce Avenue, Stratford, Connecticut 
Phone : EDison 7-3376 TWX: 203-337-9713 
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NEW AN I FPQ-6 (left) has a 29-ft antenna and 32,000-mile range. Older 
AN I FPS-16 (right) has 12-ft antenna and 5,000-mile range 

energy capabilities of the trans­
mitter. By using a new final am­
plifier, along with longer pulse 
width, the echo-tracking range can 

be extended to 1,300 miles. By add­
ing a low-noise maser to the re­
ceiver, range reaches 1,600 miles. 

Unambiguous transponder-tar-

RFI: In Microcircuits 

It all depends on 

how the circuit and 

source are coupled 

PHILADELPHIA - One of the 
first clear pi·ciures of the radio­
frequency interference (rfi) sus­
ceptibilities of microelectronic cir­
cuits, as comp.ared to conventional 
circuits, was presented last week 
at the 5th National Conference on 
RFI. 

Heretofore, ldtJtle has been sadd 
about rfi problems in microelec­
tronics. Generally, engineers think 
that micrnelectronics will S1implify 
rfi control, because: smaller circuit 
areais mean less packup and radia­
tion of rfi; fewer interfaces be­
tween circuits provide fewer entry 
and escape points for rfi; smaller 
circu'irt sizes and weights allow pro­
portionately more room for shields 
and filtel's. These factors should 
mor.e than offset microelec.trondcs' 
denser circuit and componerut spac­
ings and lower operating levels, 
which tend to increase susceptiibil-

ity to rfi. 
The new analysis, by R. B. 

Schulz, of Boeing, gets r.ight down 
to cases in analyzing the suscepti­
bilities of three types of micro­
electronic circuits: discrete micro­
miniature components such as 
micrnmodules, thin-film circuits, 
and semiconductor integrated cir­
cuits. 

Here are Schulz's conclusions: 
• For common-mode conduc­

tively-ooupled rfi, where the inter­
fering current flows through ele­
menrt that is common to the rfi 
source and the \."iclimized circuit, 
the shorter common-mode paths of 
all microeleclronic-circui1t types 
make them less susceptible to this 
type of rfi than conventional cir­
cuits. However, the higher resis­
tivitiies of thin-film and integrated 
circuits tend 1io enhance rfi that is 
coupled to them over common-mode 
paths. 

• In mosrt cases microelectronic 
circuits are less susc·eprtible to rfi 
coupled by magnetic fields, but 
more susceptible to rfi coupled by 
electric fields than conventional 
electronics. Microoircui·t designers ' 
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get tracking is possible at 32,000 
n.mi . RCA is developing an ex­
panded digital ranging unit that 
will extend the zoning capabilities 
and thus the unambiguous range to 
lunar range of 256,000 miles. Con­
ceivably, the improved system 
could track an Apollo flight to the 
moon. 

Second FPQ-6 will go to the 
island of Antigua on June 21. 
Other islands will get the air-trans­
portable version of the system 
(designated AN / TPQ-18 ) . Others 
go to Grand Turk on July 1; As­
cension and Grand Bahama in 
September; Praetoria, South 
Africa, in March, 1964; Merritt 
Island (near Canaveral) in May, 
1964. 

One of NASA's two FPQ-6 sys­
tems will go to Wallops Island, Va. 
in December, the other to Aus­
tralia in January, 1964. 

It's Different 

should try to use low-impedance 
circuits. Rfi sources should be 
placed on different substrates than 
circuits susceptible to rfi. 

•It is not difficult to shield mi­
croelectronic circuits, but the lack 
of large inductances makes it diffi­
cult to adequately filter them. 

Computer Rolls Steel 

SLAB AND PLATE mill at Hous­
ton, Texas, says Armco Steel, is 
first to be controlled by digital 
computer. Computer used is West­
inglto11se E'lectric's Prod.ac 444.9. 
Photo shows operator's pulpit 
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Fast, foolproof 
production testing 

and sorting of 
2 and 3 terminal 

devices 

_,. 
••••• ••••• ••••• 

15 tests in less than 
a second 

Automatic sorting to 
16 categories 

No operator decision 

Texas Instruments Model 654 Transistor and Diode Tester 

with 16-Bin Automatic Sorter provides production-speed testing 
and accurate automatic grouping of two- and three-terminal devices. 

Operation requires only three simple manual steps, completely 

eliminating operator decision. Sorting logic determined by printed 

plug-in circuit boards in the tester automatically routes the com­

ponent to the proper bin. At the conclusion of the test, the operator 

merely drops the device into the entry chute. Sorting logic is held 

during the testing of the next device. 

The Model 654 combines speed and accuracy with flexibility of 
circuit board programming. The Automatic Sorter and other acces­
sory equipment insure continued maximum effectiveness of the 
basic instrument. 

INDUSTR IAL 
PRODUCTS 
GROUP 

Write for coinplete inforination. 

TEXAS INSTRUMENTS 
INCORPORATED 
P . 0 BOX 660Z7 HOUSTON 6 . TEXAS 

SENSING. RECORDING• TESTING• DIGITIZING INSTRUMENTS 

THE INSTRUMENTS OF TEXAS INSTRUMENTS 
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IF 
you need close-tolerance 

overload protection 

AND 
fast interruption of 
low-value overloads 

BUT 
you have an inrush 

surge to contend with 

then the Heinemann Type C overload relay is what you've been looking 
for. The Type C can provide instantaneous response to overloads as low 
as 300%-and still give you a time-delayed response to overcurrents 
of lesser magnitude, permitting equipment to get on the line without 
surge-caused interruptions. 

These, we submit, are tight tripping specs. And two aspects of 
Type C design make them even tighter. First, you can get the exact 
ampere rating you need-any integral or fractional rating from 0.02 
amps to 70 amps. Second, the rated must-hold and instantaneous-trip 
points are not affected by the rise and fall of ambient temperature. 

If you want longer delays and higher instantaneous-trip points, we've 
got a selection of three standard response curves that give you a lot 
of latitude. Or, for specials, you can specify just about anything you 
want-within reason and within the limits set out on the small chart below. 

The Type C comes in automatic or manual reset forms, with or with­
out trip indication. All of these options are described fully in Bulletin 
5103, a copy of which is yours for the asking. 

HEINEMANN ELECTRIC COMPANY, 2600 BRUNSWICK PIKE, TRENTON 2, N. J. 

SA2788 
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MEETINGS AHEAD 

SUMMER GENERAL MEETING IEEE; 
Royal York Hotel, Toronto, Canada, 
June 16-21. 

BROADCAST & TV RECEIVERS CONFERE NCE, 
IEEE-PTGTR; O'Hare Inn, Chicago, 
June 17-18. 

JOINT AUTOMATIC CONTROL CONFER­
ENCE, IEEE, ISA, et al; University 
of Minnesota, Minneapolis, Minn., 
June 19-21. 

X-RAY AND ELECTRON PROBE A NALYSIS 
SYMPOSIUM, American Society for 
Testing and Materials; Chalfonte­
Haddon Hall, Atlantic City, N. J., 
June 23-28. 

IMPACT OF MICROELECTRONICS CONFER­
ENCE, Armour Research Foundation 
and ELECTRONICS Magazine; Illinois 
Institute of Technology, Chicago, 
Illinois, June 26-27. 

COM PUTERS & DATA PROCESSING SYM· 
POSIUM, University of Denver ; at 
the University, Denver, Colorado, 
June 26-27. 

LOUDSPEAKER INDUSTRY CONFEREN CE, 
EIA; Pick Congress Hotel, Chicago, 
June 27. 

INFORMATION THEORY IN SCIENCE & 
ENGINEERING SEMINAR, Dartmouth 
College; at Dartmouth, Hanover, 
New Hampshire, July 1-12. 

ADVANCED CONTROL THEORY AND APPLI­
CATIONS, Massachusetts Insti tute of 
Technology; at MIT, Cambridge, 
Mass., July 8-19. 

ANTENNAS & PROPAGATION INTERNA­
TIONAL SYMPOSIUM, IEEE-PTGAR; Na. 
tional Bureau of Standards, Boul­
der, Colo., July 9-11. 

MEDICAL ELECTRONICS INTER NATIONAL 
CONFERENCE, IFME, University of 
Liege, Liege, Belgium, July 22-26. 

E'LECTROMAGNETIC MEASUREMENTS & 
STANDARDS SEMINAR, National Bu­
reau of Standards; NBS Labora­
tory, Boulder, Colo., July 22-Aug. 9. 

AEROSPACE SUPPORT INTERNATIONAL 
CONFERENCE & EXHIBIT, IEEE, ASME; 
Sheraton-Park Hotel , Washington, 
D. C., Aug. 4-9. 

WESTERN ELECTRONIC SHOW AND CON· 
FERENCE, WEMA, IEEE; Cow P alace 
San Francisco, Calif., August 20-23. 

ADVANCE REPORT 

ELECTRON OEVfCES MEET lNG, I EEE - PTCED .; 
Sheraton-Park Hotel, Washington. D. C .. 
Oct .. 11-Nov . 1. Aug. 1 is t h e deadl.i11c fell" 
submitting zoo-word abstracts ( 5 cvpirs) 
to : .llason A. Clark, T echnical Progm>n 
Chairman, 196 8 E lectron D evices .1/rct­
ing, HP Associates. 2900 Park Bo1'lc1>C1rd, 
Palo Alto, Cal·i/. Areas of interest incl1ulr: 
m icrowavc tubes for h 'ig h vower. 11lil­
Nnictrr wave. low noise; storngc a11d dis­
play devices; ne1v diode and transistor 
st1"1icturcs; very high-power so licl-stcct c 
rlci:ices; fl aU-e[fect devices; thin-/i.l>H ac­
tive clevices; integrated ci1·c11its; optical 
devices, lasers, diocle lasers . optical tran­
sistors). tr<insdttieers, neiv electron device 
principles. 
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HIGH FREQUENCY 

CURRENT 
~ 
~ 

® 

PROBE TEKTRONIX TYPE 

P6016 AC CURRENT 

PROBE 

SYSTEMS You can select from two 
current-detecting systems for 

use with your Tektronix Oscilloscope. 

for your Tektronix 
Oscilloscope 

One system comprises the P6016 AC 
Current Probe and Type 131 Amplifier . . . 

with current range extending from less 
than one milliampere to 10 amperes . .. and pass­

band , with a 30-Mc oscilloscope, covering 50 cps to 17 Mc. 

P6016 and 

CURRENT 

PROBE 

AMPLIFIER 

Sen siti vi ty with 50 mv/div Oscilloscope In­
put : 1 ma/div basic sensitivity. 10-position 
switch provides calibrated steps from 1 ma/ 
div to 1 amp/div, 1-2-5 sequence, accuracy 
within 3%. Continuous uncalibrated adjust­
ment is possible by using variable control 
on the oscilloscope. No ise: Equivalent to a 
100 µamp pk-to-pk input signal. Risetime 
(with Fast-Rise Plug-In Unit in a Type 540-
Series Oscilloscope): 20 nsec (approxi­
mately 17-Mc passband at 3-db down). 
Delay Time: 40 nsec or less measured at the 
50% pulse-amplitude points. Low-frequency 
Response : 50 cps at 3-db down. AC Current 
Satu ration Rating : 15 amps pk-to-pk, de­
creasing to 8 amps at 400 cps, 400 ma at 50 
cps. Power Requirement: 105-125 vo lts ac, 
approximately Y, watt at 117 volts (part num­
ber 015-030); 210-250 volts ac, approximately 
1 watt at 234 volts (part number 015-045) . 

A less versatile system comprises the P6016 AC Current 
Probe with a Passive Termination . .. for observation and 

measurement of current waveforms at frequencies to 20 Mc, 
with a 30-Mc oscilloscope. 

Easy to use, the current probe has a long narrow shape and con­
venient thumb control. Just place probe slot over the conductor and 

close slide with your thumb-no direct electrical connection is 
required . Wiping action keeps the core surfaces clean. Loading 
introduced is so light that it can almost always be disregarded. 

P6016 and PASSIVE TERMINATION 

Sensi tivity : Either 2 malmv or 10 malmv of 
oscilloscope sensitivity, accuracy within 3%. 
Risetime (with Fast-Rise Plug-In Unit in a 
Type 540-Series Oscilloscope): 18 nsec 
(approximately 20-Mc passband at 3-db 
down). Delay T ime : 20nsec or less measured 
at the 50% pulse-amplitude points. Low Fre­
quency Response: At 2 malmv-about 850 
cps at 3-db down (5% tilt of 10-µsec square 
pulse). At 10 malmv-about 230 cps at 3-db 
down (5% tilt of 35-µsec square pulse). 
Maximum Current Rating : 15 amps pk-to-pk. 

COMMON TO BOTH SYSTEMS 

Direct Current Saturation Threshold: Y. 
amp. Maximum Breakdown Voltag e Rating: 
600 v, with thumb slide closed. Insertion 
Impedance : After a step function has been 
appli ed to the conductor unde1· test, the im­
pedance inserted in series is: (1) 0.06 Q 
after 50 nsec, (2) 0.04 12 after 100 nsec, (3) 
0.015 fl after 1 µsec, and (4) 0.006 Q after 
10 µsec. Capacitance between conductor 
and pr.obe case is typically 1 pf, depending 
upon wire size. 

P6016 and CURRENT PROBE 
AMPLIFIER SYSTEM . . $235 

For 117-volt operation, please order part 
number 015-030 - For 234-volt operation, 
please order part number 015-045. 

P6016 and PASSIVE TERMINATION 
SYSTEM . . . . . . $ 90 
Note: P6016, Curren t Probe A mplifier, and Passive T ermina· 
tlon can be ordered separately If desired . Other Current Probe 
accesso ries also availab le, 

U. S. Sales Prices, f .o.b. Beaverton. Oregon 

FOR A DEMONSTRATION, PLEASE CALL 
YOUR TEKTRONIX FIELD ENGINEER 

T'. k • / I P. 0. BOX 500 • BEAVERTON. OREGON I (Area Code 503) M ltche/1 4-0161 • TWX: 503-2 91-6805 • 
I e tronJX, nc. Telex: 036-691 • Cable: TEKTRONIX • OVERSEAS DISTRIBUTORS IN 27 COUNTRIES 

Tektronix Field Offices are located in principal cities throughout the United States. Please consult your Telephone Directory. 
Tektronix Canada Lid: Montreal, Quebec • Toronto (Willowda le) Ontario • Tektronix Ltd., Guern sey, Channel Islands 
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SUPPLIES 
LAB 

NEW CONSTRUCTION AND 
CIRCUIT TECHNIQUES OFFER 
LOW COST, HIGH PERFORMANCE, 
VERSATILITY 
Series 6200 Includes Dual Range Supplies 
Now available! A series of 7 models of mechanically 
compatible power supplies - 3 of which feature Constant 
Voltage/ Constant Current circuitry. All are designed as 
a "family" in dimensions and styling, and can easily be 
used in conjunction with other units of the series, 
either in bench or rack combinations. · 
Any number of units of mixed model numbers can be 
"stacked" in Auto-Series up to 300 volts off ground 
to obtain output voltages higher than that of one unit, 
or to achieve a chain of regulated voltages. 
Other features include Auto-Parallel operation, short cir· 
cuit proof operation, remote programming, remote sensing, 
floating output, front and rear output terminals, silicon 
transistor differential amplifier front end, and low series 
transistor dissipation. Open end construction makes all 
components and adjustments easily accessible. Design em· 
bodies epoxy glass laminate printed circuit board. Provi· 
sion is made for standard rack mounting in a 3112" height. 

Prices start at only $99.00 

Write for completely detailed specifications 

HARRISON LABORATORIES 
A DIVISION OF <Ii; HEWLETT-PACKARD 

45 INDUSTRIAL ROAD BERKELEY HEIGHTS, NEW JERSEY 
464·1234 Area Code 201 TWX-201-464·2117 
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electronics 
A McGraw-Hill W eekly June 14, 1963 

PETER C. GOLDMARK, president of CBS Labs, talks to Senior Associate Editor Wolff 

HOW HI 
IS FI? 
By MICHAEL F. WOLFF, 

Senior Assoc iate Editor 

Interviewing 

PETER C. GOLDMARK 
President, CBS Labs, Stamford, Conn. 

Next step in audio 

reproduction: greater 

realism. Here are some 

things you can do now­

one method employs just 

a garden hose 

electronics •June 14, 1963 

FIFTEEN YEARS AGO this month Peter C. Goldmark and his asso­
ciates at CBS Laboratories developed long-playing records. We felt 
this anniversary made a good time to step back from the more exotic 
areas of electronics and take a look at the state-of-the-art in one of our 
oldest fields-audio. Result was the following exclusive interview. 

Q. In your opinion, Dr. Goldmark, where do we stand today in the art 
of recording and reproducing sound? 

A. The technology has come a long 112.~'· Notable improvements have 
been made in all phases of sound :recording so that it's possible now to 
have virtually noiseless records with extremely little distortion, good 
fidelity and more playing time. In reproduction the vast strides made 
in pickups, tone arms, amplifiers, loudspeaker packaging and so forth 
have all contributed to better sound, less distortion and long record life. 

The question is, however, have we attained the real objective, namely 
to provide realism in the home so far as music reproduction goes? 

The word high fideli.ty is a misnomer, I believe. First of all, either 
you have fidelity or you don't. If you have fidelity, then "high" doesn't 
add any more to it, and if we use the word "fidelity," the question 
arises: fidelity to what? What is it we are trying to copy properly? 
The paramount question is: given a 2,000-cubic-foot living room, what 
can you hope to reproduce that will give the maximum realism? 
Realism is a word I would like to stress and is the goal I believe much 
more effort should be directed to-an area, perhaps, which has been 
neglected. We have the technology for obtaining realism-we have 
abundant technology-but now we have to ·use common sense and apply 
this technology to give us this reality. 

Q. Do you mean to say that our records are not realistic? 

A. I always mean realism in reproduction. When I said we have 
sufficient technology I mean this also applies to the record. I believe 
what we have up to the point of the loudspeaker-even what acous­
tically comes out of the loudspeaker-has all the ingredients to give us 
realism, and we have other aids, other devices, which are all usable. 
It is how we apply these and how we educate people that we have t o 

33 



"The technology has come a 
long way" 

"The word high fidelity is a 
misnomer" 

"Realism is a word I 
would like to stress" 

"I believe we have to get 
back to the composer" 

( . 
"Another means • is 
through the use of a hose" 
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think about now. 
First, I believe we have to get back to the composer. Somewhere 

in t he 18th century he wrote a symphony having in mind a~ orchestra 
of between 50 and 80 mu sicians. The compos.ition was meant to be 
listened to in a concert hall-not in the home. If we wish to hear 
this symphony in the home and with realism (which I'm sure we all 
want ) what choices do we have? We have amplifiers, loudspeakers 
and, of course, pickups and records, which are good enough and power­
ful enough to reproduce in f\tlr living room s ound volume adequate to 
place us in the orchestra pit and perhaps give us the illusion t hat we 
are sitting where perhaps the conductor normally stands. This, how­
ever, I am sure is not what we want because very few of us ever sat 
in that place. What we really want is the effect of sitting in the con­
cert hall, say, half way down or in the first or second balcony. These 
are difficult effects to reproduce in the home ... very difficult. 

Q. How then would you reprnduce them? 

A. Sound, as it now appears on the record, contains to a large exten t 
the direct sound from the orchestra and to a lesser extent the spatial, 
indirect or ambient sound in the concert hall. We now have to t ry to 
reproduce this ambient sound. Let's consider a specific situation in 
which one was located about 150 feet from the orchestra. The original 
sound from the orchestra will take approximately one-sixth of a second 
to arrive. Let's assume that another 100 feet back of us the concert 
hall ends and sound which went past us is reflected from the wall and 
arrives another one-fifth of a second later. Now there are a gr eat 
many sounds which fare similarly but not to the same extent. In other 
words, many sounds between the first one-sixth of a second and the 
next one-fifth of a second would arrive together a t our ears. Also 
there are sounds which will reach us past the second one-fift h of a 
second period which travel around the hall and are reflected and 
bounced back to us so that the sum of all these sounds spreads over a 
period of a few seconds before they completely die out. 

The overall effect is measured as the well known reverberation t ime. 
It is possible to capture a portion of this reverberation effect-toget her · 
with the clarity of the original sound from the orchestra. In the home 
try to listen from another room or from the far end of the living room. 
Then do two things: first, cut the sound level and emphasize t reble 
and bass (and not just the very low bass ) to get a natural effect. 

Now, the second item is not quite as easy to accomplish and requires 
some real enthusiasm to carry out. It is something we have experi­
mented with in the Laboratories and resulted finally in placing auxil­
iary speakers in the rear of a listening room. These speakers need 
not be stereophonic, though there is no harm if they are. It is now 
necessary to take the sounds from the right and left track of the 
original record and mix them to create a sound signal, which would 
then be equivalent to a monaural content. Next, it is desirable to 
delay the sound by an amount of time that would simulate the di stance 
between the listener and the rear wall of the auditorium. This may 
correspond to a total delay of approximately one-fifth of a second, 
keeping in mind that it is not a single slap of sound that returns to us 
in one-fifth of a second. This period is filled with sound impulses 
coming from walls nearer to us, for instance the sides. A single delayed 
sound impulse of one-fifth of a second would be objectionable. 

It is thus desirable that this delayed sound be made to contain a 
large amount of reverberated sound as well as the original sound. 
One practical way of providing the reverberrution would be to use one 
of the spring-type reverberation devices on the market. 

Delaying this reverberated sound is a bit more difficult. We would 
like to delay it about one-fifth of a second and one way to accomplish 
this would be through an endless tape and a tape machine traveling at 
low speed to keep the tape wear at a minimum. Also it would augment 
the realism by providing speakers half way down the room carrying 
the sum signal reverberated and delayed by approximately one-tent h 
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of a second. A tape loop traveling at 3t inches per second several feet 
long and guided over rollers would do a cre<lible job. This would 
provide a spacing of the pickup head with respect to the recording head 
of approximately 0.4 inch for the one-tenth of a second delay and 0.8 
inch for the one-fifth of a second delay. If this is difficult, the tape 
speed should be increased to n ips, or some higher speed compatible 
with a minimum spacing between the record and reproduce head. 

Another means of producing the desired delay is through the use 
of a hose-a garden hose, perhaps. If one can place this in one's base­
ment sufficiently insulated from surrounding noises-a hundre<l feet 
of hose with a proper microphone and loudspeaker correctly coupled 
in and out of the hose-it can also create the desire<l delay. When 
using such a hose one would have the advantage of providing inbetween 
points of shorter delays such as one-tenth of a second through the use 
of an additional microphone tapping in half way along the hose. This 
hose now assumes the role of an acoustic delay line and permits having 
inbetween points to locate several speakers between the main speakers 
and the far end of the listening space, thereby simulating additional 
reflective surfaces such as in a concert hall. 

Essentially what we are trying to do is to reproduce in time, but 
not in space, the spatial sound as generated in a concert hall and 
compress this by means of the artificial delays and reverberations into 
a given space of relatively small volume such as in one's own home. 
I do not want t.o create the impression that this approach, which would 
probably create maximum satisfaction, is easy to accomplish. The 
means are available-the techniques and the instrumentation are 
known-the experimentation, however, is not well known. It opens 
up a new field of challenge. 

Q. Is there equipment adequate to help the listener do these things? 

A. I think that one has to be a bit of an experimenter. I hope that 
it is possible, perhaps, to stimulate the industry to produce some of 
the auxiliary equipment such as delays and not have to use, maybe, a 
garden hose. I think the tape could be perfectly well used for this. 

It may be of interest that we ourselves have provided for an effect 
such as this in one of our developments, the Minnesota Mining tape 
cartridge system which is now marketed by Revere. Originally it 
was intended that this would carry a third track. The dimensions 
of the cartridge system are such that the tape has two tracks, widely 
spaced, located at the outside of the tape, so that there's room for a 
third track. We aotually built machines and gave demonstrations 
where we put into the center of the tape a third track wh ich carried 
delayed reverberation of the left and right sum signal. The plan was 
that an optional instrument would carry a third amplifier to extract 
this delayed reverberation and channel it to an auxiliary speaker in the 
rear of the room. This, you see, would have made the problem much 
easier: you would have delayed sound, it would have been reverberated 
and there would be amplifiers and speakers provided for. 

Q. These ideas for realistic sound reproduction are primarily for more 
engineering-minded listeners. Is anything in sight for the others? 

A. Well, we have had an idea for a device that would give all the 
necessary delays and reverberations in one unit. This would be a 
magnetic tape or drum system. Sound is taken off from a number of 
heads and a continuous reverberation signal is generate<l by means 
of feedback. This reverberated signal would then be fed through 
various delays to a number of external speakers. The maximum 
delaye<l signal goes to a speaker in the rear of the room, the less 
delayed to a speaker half way down, and the undelayed but rever­
berated signal is added to the original signal at the front of the room. 
Since the nature and amount of reverberations and the amount of delay 
can be adjusted relatively easily, one can conceive of his own audi­
t.orium--.a sort of "space box". In fact, we have built a reverberation 
generator and used it to simulate the effects of large halls and to liven 
sound in dead studios. We call it the "Reverbertron." 
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"One has to be a bit of an 
experimenter" 

"Need to eliminate the needle 
has largely disappeared" 

"I don't believe transducers 
are the bottleneck" 

"One can conceive of ..• 
a sort of space box" 
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TUNNEL DIODES Part I Using 

First of a four-part s1tn 1ey d?"scusses oscillator prin­

ciples, stability criteria, electronfr tilning circuits, 

temperature-frequency 11wn1· taring, wide-frequency 

operation, and ability to control remote receivers. 

Succeeding parts wm cover amplifi,ers, mixers and 

converters, and switching circuits 

By ERICH GOTTLIEB and JOH;.J GTORGTS, consultants 
GE Semiconductor Products Di v is ion, S yracu:::;e, New York 

FIVE YEARS have passed since 
the invention of the tunnel diode. 
Semiconductor manufacturers and 
users have investigated a great 
many of the potential applications 
for this device and the widespread 
interest is reflected in the great 
number of papers published in the 
literature since 1958. 

The scope of this article is to 
check the "boxscore" of achieve­
ments to date. Emphasis is put not 
on the purely analytical achieve­
ments nor on crystal-ball forecasts 
but rather on the praotical present 
and future uses of the tunnel diode. 

~-----------, 

qr' Rs+Rx : TUNNEL DIODE 
I ECUIV. CI RCUIT 

Lr'Ls+Lx I 
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I 
I 

Ls 

L _________ _ _ 

(A) 

In the early tunnel diode days its 
simple characteristics and two­
termina l aspects prompted some ex­
citing forecasts. Here was a device, 
which, with the simplest of circuits, 
could oscillate, amplify, convert, 
switch and even do several of these 
things simultaneously. It could do 
all these things at high speeds or 
frequencies with minute power con­
sumption under extremes of tem­
perature and nuclear radiation. Its 
small size would permit large pack­
ing densities while its light weight 
and simple circuitry would reduce 
equipment weight. 

(POI NT OF FREE 
OSCILLATIONS I 

'J O \ ~; ~O:AR STABLE 
OSCILLATIONS AM PLIFICATION 

Lr gd I 
'IT -C- Rr' g;j 

(B) 

Generally speaking, all these 
claims were legitimate. However, 
in industry a device mus·t enjoy 
quantity acceptance or it tends to 
become a high-priced speciaJ.ty item. 
Mass acceptance reduces manufac­
turing costs which when passed on 
to the user promotes yet greater 
market acceptance. To obtain this 
industrial chain reaction, the de­
vice must offer competitive advan­
tages not only in unit cost but also 
in 

• Ease of design 
• Total system cost 
• Competitive circuit or system 

performance 
• Reproducibility in manufac­

tured equipment 
The tunnel diode must compete 

in these areas with other devices, 
not on ly such solid-state ones as the 
transistor or parametric diode , but 
also with tubes, masers, and even 
electromechanical arrangements of 
relays, wiping contacts, pressure 
transducers, microp·hones, and so 
on. These consideration have in­
fluenced both the semiconductor ap­
plications engineer and the semi­
conductor circuit designer in their 
task of finding hardware uses for 
the device. 

In the second half of 1959, tun­
nel diodes left the research stage 
and became available to the circuit 
designer. It became apparent 
quickly that the device although 
seemingly physically simple, is elec­
trically complex. In those days the 

EQUIVALENT circuit of tunnel diode and its c~·ternal circuit (A), graphical conditions for operating-stability (B), 
is tics (C), evolution of tunnel diode package for minimum self-inductance, (photo, right)-Fig. 1 
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Them as Sinusoidal Generators 

electronic circuit designer needed 
considerable help to understand the 
device and its operation. This need 
was quickly filled by a number of 
articles (see references) some of 
which have become classics. 

UNDERSTANDING THE DEVICE 
-The first essential requirement in 
applying the tunnel diode is to un­
derstand the equivalent circuit, Fig. 
lA, and its stability conditions. 
A fundamental article' analyzed this 
problem and illustrated it by a sim­
ple graph relating the parameters 
of the equivalent circuit of the di­
ode, Fig. lB, to stability. 

The tunnel-diode V-I characteris­
tic, Fig. lC shows where to place 
the operating point for any given 
application. Thus, for an amplifier, 
oscillator, or self-oscillating con­
verter, the tunnel diode must oper­
ate in the negative conductance part 
of the curve. In staying stably 
biased in these nonswitching appli­
cations the bias must come from 
a voltage source. For switching ap­
plications on the other hand a cur­
rent-source drive will keep the op­
erating point below the peak current 
point until a trigger pulse is ap­
plied. If this trigger pulse, when 
added to the operating bias current, 
is large enough to exceed the peak 
current, the operating point is 
tripped to a higher voltage state 
beyond the valley, thereby exhibit­
ing a low voltage OFF state and a 
higher voltage ON state. 

voltage-current and 1-V character-
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REMOTE-control transmitter features circuit .simplicity, component econ­
omy, and long life from low-voltage batteries 

The stability graph, Figure lB, 
shows that an exact ratio of Rr, Lr, 
g,, and C,, must be maintained for 
the amplifier circuit's operation 
to stay within the boundaries of 
R r = Lr lg ,, l/C,, and Rr = 1/l g,,i . 
Of these parameters, R,. is the total 
circuit series resistance, L,. the 
total circuit series inductance, C,, 
the diode's capacitance and IY·d is 
the absolute value of (negative) 
conductance. 

The closer Rr gets to 1/ lg,,i the 
greater the gain becomes, until, at 
R,. = 1/ lg,, I infinite gain is reached. 
At this point the circuit is prone to 
switch its operating point to the ON 

state and hence this point is unsta­
ble. On the other hand, if R,. is made 
equal to Lr 1 g ,,l/C, the circuit will 
start breaking into sinusoidal oscil­
lations. Lowering Rr further will 
increase the strength of these os-

cillations until the limit cycle 
reaches a contour V,. to V,,, down 
to V,. and back up to V,. (see Fig. 
4D, p 40) constituting a relaxa­
tion-mode oscillation. This well 
defined stable ratio of circuit and 
device constants is not always easy 
to maintain since the negative con­
ductance of the tunnel diode varies 
nonlinearly with bias voltage and 
temperature. Although the tunnel­
diode capacitance varies slightly 
with voltage also, this is not gener­
ally a problem. The magnitude of 
the inductance of the diode package, 
however, is an important stability 
impediment and tunnel-diode pack­
ages of 6 to 12 nanohenry induct­
ance have gradually given way to 
low inductance housings of 0.1 to 
0.5 nh as seen in Fig. lD. 

Some of the early technical pa­
pers"· 0

· 
7 described converter appli-
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cations; others"· 0
• 

10
• 

11 discussed 
noise topics, while still more pa­
pers"· 13

• '" 
15 considered oscillator op­

eration. Further papers on logic 
applications of tunnel diodes10

• ''· 
1

• 

helped set the foundation of tech­
nical knowledge. 

TUNNEL-DIODE OSCILLATORS 
-Tunnel-diode oscillators are at-

38 

GRAPHICAL determination of time-average conductance g.(t) and of its 
average value I g. I (A). Lumped-constant circuits: series configuration, 
(B), parallel circuit (C), series-parallel version (D)-Fig. 2 

NYQUIST plot of tunnel-diode impedance-versus-frequency characteristic 
(A), theoretical oscillator circuit ( B), practical circuit (C); series sup­
pression of lower-frequ ency oscillations (D) , parallel suppression of im­
wanted lower-frequency oscillations (E)-Fig. 3 

tractive because of their high fre­
quency capability, low power con­
sumption, good frequency stability, 
and circuit simplicity. These ad­
vantages enable a designer to pro­
duce stable miniature oscillators 
with a wide variety of uses as will 
be described in due course. The 
disadvantage of the tunnel diode is 
primarily its low power output 
owing to the small fixed voltage­
swing between peak and valley. 

The tunnel diode's nega.tive con­
ductance characteristic lends itself 
ideally to use in oscillator circuits. 
All the circuit designer has to do 
is to bias the device from a voltage 
source (making Rr < JR.,J) and 
adds sufficient inductance to the cir­
cuit such that 

Lrcwl = Rr cwlC / lo"I (1) 

When Lr = RrC/lgdl , the oscilla­
tion amplitude is small but reason­
ably sinusoidal. Increasing L, in­
creases the oscillator's amplitude 
and this expanding limit cycle even­
tually swings beyond the peak and 
valley points yielding a great deal 
of harmonic content. 

Oscillator design starts with the 
choice of diode capable of deliver­
ing the required power output at 
the desired frequency. The maxi­
mum quasi-sinusoidal output ob­
tainable from a tunnel diode is then 
given by 

Po max= HVv - Vp)(lp - / ,) (2) 

At this point the oscillator ampli­
tude swings from peak to valley. 
The bulk of today's tunnel diode 
usage is in germanium units hav­
ing typical peak voltages ( V p) of 
65 mv, val1ey voltages (V,.) of 350 
mv and peak-to-valley ratios (Ip / / ,.) 
of eight. Hence a rule of thumb 
would make 

Po max"" -}(0.35 - 0.065)(0.875/p) 

(3) 

or 

I vCmin) ""40Po (rrquircd) (4) 

The required power determin es 
the peak current of the diode since 
the voltage parameters of the tun­
nel diode are fixed by the semicon­
ductor material. The conductance 
of the diode is also heavily depend­
ent on the peak current since 

g" =11,/d,. (for large swings G" = t!.1 ~I') (.)) 

Therefore the maximum voltage 
swing t!.V.,,,. = V , - v.. These 
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voltages are fixed by the semicon­
ductor material, hence only a 
change in the maximum M will 
give an equivalent change in (large 
s ig nal) conductance. 

In an oscillator circuit, two con­
ductances are important 

•The initial starting small­
signal conductance (g.,) 

• The steady-state large-signal 
conductance (g.) 

If the stability criteria is met, 
namely that there be a resonant 
circuit such that /,,. IYI = 0 and 
that there be effective negative re­
sistance left in the circuit, such that 
R. IYI < lg,11 1, the circuit will start 
to oscillate. Thus the starting of 
the oscillator depends on small­
signal parameters. As the oscilla­
tions expand, they are limited by 
the losses in the circuit, expressed 
by 

(6) 

For a given L/C ratio, RT deter­
mines the minimum value of g.. If 
R, is small, g ,. becomes small, which 
means a large oscillator swing, Fig. 
2A. 

A designer can choose from sev­
eral circuits, each with its own 
specific advantages. Choices are 

•the series oscillator 
•the parallel oscillator 
•the series-parallel oscillator 

For lumped-constant circuits, 
Figs. 2B, 2C and 2D, the series ar­
rangement yields the highest operat­
ing frequency, since if C1 is the diode 
capacitance (C. ) and C is elimi­
nated, then both the parallel and 
the series-parallel circuits revert to 
the series connection. The maxi­
mum frequency of oscillation in this 
mode is 

Jo max = 27r L
1
C - ( ~~ r (7) 

At lower frequencies, the series 
circuit would have to add C, across 
C,, to use reasonable L/C ratios. It 
is generally more convenient and 
stable to use the series-parallel 
connection. In this mode, the os­
cillation frequency'"' is 

f o = L ~Lr(C1+C1) - C,(i~C1 ) (S) 

In the parallel oscillator circuit, 
RT is bypassed (considering the d-c 
coil resistance negligible) which 
increases the limit cycle and the 
oscillator amplitude to yield a larger 
but nonsinusoidal output. To ob­
tain a sinusoidal output from this 
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UNDER ONE ROOF 

THERE was a time when it was possible for one man to comprehend 
all contemporary scientific knowledge. That time is long past. Now­
adays, it puts a researcher on his mettle to keep abreast of develop­
ments in his own field-and usually his own field is a subdivision of a 
much broader discipline. 

Tunnel diodes are a subdivision of the solid-state electronics art, 
which in turn is a subdivision of the total electronics effort. Yet in the 
five years since Esaki's celebrated paper on tunneling effects, the 
volume of technical tunnel diode literature, ranging from basic physics 
to circuit applications, has expanded enormously. Following tunnel 
diode developments has become a major effort. 

In this and subsequent sections of a four-part survey on tunnel 
diode applications, authors Gottlieb and Giorgis have collated a wide 
range of application data and presented their material in easily 
assimilated form 

connection, R, must be considered 
to be only the series resistance of 
the diode (plus the d-c coil resist­
ance) and the L/C ratio adjusted 
such that the limit cycle is kept 
small, which occurs when 

R, "" (J,,L rfC (9) 

This means that the L/C ratio 
must be drastically reduced. 

MICROWAVE OSCILLATORS 
At microwave frequencies, two 
basic modes of operations are pos­
sible 

•Operation below the self-res­
onant frequency of the diode (f •• ) . 

•Operation above the self-res­
onant frequency of the diode. 

The Nyquist plot of impedance 
versus frequency (Fig. 3A) shows 
that the diode has two characteris­
tic frequencies. When the real part 
of the tunnel diode impedance goes 
to zero, the resistive cut-off fre­
quency (f ,,,) is reached since be­
yond that frequency there is no 
remarnrng negative resistance. 
Hence no active gain or oscillation 
can be obtained from this device 
as it exhibits only positive resist­
ance and either inductive or capaci­
tive reactance. The second fre­
quency occurs where the imaginary 
part of the impedance goes to zero, 
hence, where the diode inductance 
and capacitance resonate. Below 
this frequency the device looks ca­
pacitive, above, it looks inductive. 
Figure 3A shows the two diode 
characteristics. Diode D 1 reaches 
f •• before reaching f ,., while diode 
D, reaches f ,. first. This means that 

when D, reaches f ,. it still has a 
certain amount of negative resist­
ance left and hence theoretically it 
could oscillate beyond f ,,.. Diode D,, 
however, has passed f"' first, hence 
has no negative resistance left and 
therefore cannot oscillate above f ,. 
(where f, .. is located). Assuming 
two diodes exactly identical in C,,, 
lu. I, I ,,, R , and all other parameters, 
the difference between these two 
diodes can be found in the series 
inductance of the housing (Ls) as 
shown by Eq. 10 and 11 

1 _ _1-o ,i1 I 1 _ 1 cm) 
ro - 2rrC,, " 1-o,,1 . R, 

l 
f zo = 2 71" 

lo,il2 

[,,(' ,, - -(' ,,• (11) 

These equations show that both 
capacitance (C.) and conduc­
tance ( - g,,) are directly propor­
tional to the peak current (/,, ), 
hence to junction area. The re­
sistive cutoff frequency is thus 
not affected by junction size or 
peak current (to a first approxima­
tion). The self-resonant frequency 
does, however, depend heavily on 
junction area, and therefore on 
peak current. If /,, is large, g;;c: 
becomes appreciable compared to 
1/ L ,C,,. When 1/ L,C,, = ig,, l"/ C,," 
the device ceases to function as a 
sinusoidal oscillator. Therefore a 
high current (high power) device 
generally has a low self-resonant 
frequency and high cut-off fre­
quency. To obtain relatively high 
power (greater than 1 mw) at high 
frequencies with one diode, the 
series inductance (L,) must be re-

39 



duced. This can be done by using 
a circuit that presents a capacitive 
reactance at the resonant fre­
quency, thereby tuning out some of 
the internal device inductance. Fig­
ure 3B illustrates a lumped-con­
stant circuit" of this kind. 

In Fig. 3C, C, is the capacitance 
necessary to tune out the undesir­
able tunnel diode inductance and 
R .. is the bias resistance wh ose 
d-c value is smaller than 1-R,, l,,_,I . 
Since 1- R,, l,, _c decreases as the cut-

off frequency is approached, its op­
erating-frequency value will be 
smaller than R ,. The bias-circuit in­
ductance, L,,, has now been put out­
side the main oscillator loop. Another 
paper" describes a similar approach 
us ing transmission-line techniques 
shown in Fig. 3D and 3E. The 
"negative inductance" is obtained 
by using a short-circuited transmis­
sion line having length A. / 4 < L < 
A. / 2 at the desired oscillation fre­
quency. However, at a lower fre-
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EQUIVALENT and proctical cfr­
cuits of mnlti-diodc oscilloto,· (A ) 
w ith test results; crystal oscillator 
f'or 40 Mc (B), alternative oscilla­
tor locks onto 5th overt011e of cr11s­
tal at 160 Mc (C), cha rac teris tic 
curve trcices operation of t10111Pl 
diode as it e:recutes cycle ~! operci­
tion (D)-Fig. 4 

quency, the shorted line behaves 
like an inductance which can satisfy 
another resonance condition, so that 
oscillations can occur simultane­
ously at two frequencies. This un­
desi rable lower frequency oscilla­
tion generally becomes the domi­
nant mode and should be sup­
pressed. Figures 3D and 3E show 
two possible strip-line circuit con­
figurations used to suppress these 
undesirable oscillations where re­
sistors R, and R, are damping re­
sistors. 

Straight strip cavity oscillators" 
with 10 mw output at uhf have 
been reported. Other tuned ele­
ments such as reentrant-strip-cav­
ity, ridge-waveguide and strip­
wa \·er~u ide have reportedly been 
used up to X band. Low-power 
fundamental oscillations have been 
reported up to 103 Ge (2.9-mm 
wavelength), 1• and a further paper"" 
uses the 1N3219A "S" band diode at 
"X" band frequencies. This paper 
gives a detailed view of the wave­
guide structure and tunnel-diode 
mount. 

In a more recent paper,•0 an im­
proved version of this oscillator is 
di scussed. The increased circuit 
performance lies in the reduced r-f 
leakage of the tunnel-diode wave­
guide mount. The improved circuit 
yields higher power output and a 
greater tuning range (about 750 
l\Ic) in the 8-9 KMc region. A 10-
db power increases over the per­
formance obtained in an earlier 
paper"" ( -15 dbm) is claimed using 
the same 1N3219A (I, = 2.2 ma) 
tunnel diode. 

l\1UL TI-DIODE OSCILLATORS­
A paper given at the 1962 Interna,­
tional Solid-State Circuits Confe r­
ence discussed a 4 mw, 6 KMc dis­
tributed tunnel-diode oscillator. '° 
Thi s oscillator consists of two or 
more diodes placed in a half-wave 
cavity structure, Fig. 4A. 

QUARTZ-CRYSTAL CONTROL­
The design of quartz-crystal-con­
trolled tunnel-diode oscillators is an 
interesting problem. In tube or 
transistor circuits, the crystal can 
be inserted in many ways to lock 
the oscillator. It can be inserted 
in the main feedback loop to make 
the feedback effective at resonance 
only. Since the tunnel diode has 
only two terminals and no external 
feedback, introduction of crystal 
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SELF-MODULATED low power tmnsmitter (A) operates at 73.5 Mc; wicle range oscillator (B) covers range 3 to 
260 Mc using different plug-in tuning coils. Temperature-sensing oscillator changes frequency with changing temper­
ature (CJ, voltage-variable capacitor enables oscillator to be tunecl electrically ove1· the 12-22 Mc range ( D); high­
frequency electrically tunecl oscillator operates in the 200 to 400-Mc range (E)-Fig. 5 

control is less straightforward. If 
a crystal is s·imply shunted across 
a tank circuit, it will lock in only 
weakly. 

A more sophisticated crystal-con­
trolled circuit discussed in the liter­
ature"' claims frequency variations 
of 7.5 / 10° per degree centigrade in 
a 40-Mc oscillator. (Fig. 4B). 
This circuit works on the basis of 
matching the crystal impedance 
(10-30 ohm range) to the tunnel 
diode (1N2939 and 1N3712 have 
approximately 120 ohm negative 
R,,) by the use of a pi network. 

Another extremely stable crystal­
controlled oscillator"'· "' oscillates 
only at the series-resonant mode of 
the quartz crystal, Fig. 4C, and is 
said to exhibit excellent lock-in 
characteristics up to the 9th over­
tone (roughly 100 Mc) and some 
lock-in action up to the 15th over­
tone (about 160 Mc)"'. 

The value of R is made slightly 
smaller than -R.11 at the operating 
point. This gives bias stability and 
prevents the circuit from oscillating 
at an undesired frequency. The 
L-C circuit is tuned to the series­
resonant frequency of the crystal 
where the crystal appears as a low 
resistance. The resulting high im­
pedance of the tank circuit is now 
in series with the parallel combina­
tion of the two equal-valued resis­
tors (R). It is necessary that the 
series resonant crystal resistance 

(Rc11) is small compared to R. 
This high value of resonant im­

pedance is now sufficient to permit 
·the circuit to oscillate stably. The 
impedance seen by the crystal is 
Z,,. = R (1 + R/ R.,) (12) 

TUNNEL DIODE CHRONOM­
ETER-One of the applications of 
this quartz crystal controlled oscil­
lator circuit is in a ultra-table 
chronometer having a maximum 
error of only a few seconds per 
year'2

". 

In this circuit, tunnel diodes are 
also used as stable frequency 
dividers for division by 10, 10 and 
20 respectively. The divider circuits 
are of the synchron·ized relaxation 
oscillator type. A tunnel-diode clock 
is shown, lower right. 

REMOTE CONTROL TRANSMIT­
TER-A 73.5 Mc crystal controlled 
oscillator was designed for use as 
self-modulated low-power trans­
mitter. 

This unit has sufficient energy to 
remote-control toys, trains, garage 
doors; it can also be voice modu­
lated. Figure 5A shows the oscil­
lator circuit "'· ". The design of 
this circuit starts with the choice 
of diode to get adequate range. A 
1N3716 diode having a peak cur­
rent of about 4.7 ma was selected to 
give a power output of approxi­
mately 120 microwatts. 

For the IN3716, tunnel diode 
lg.,, I at 130 mv is approximately 33 
ohms. 

In this circuit, Fig 5A, when X 0 

= Xi. at 73.5 Mc, L was calculated 
to be only about 22 nanohenries and 
C about 218 pf. 

To use a more practical L/C ratio, 
L was increased to 130 nanohenries 
and C reduced to 35 pf. The effect 
was to reduce g., hence oscilla­
tions were larger (more output 
power) but distorted. The out­
put taken across the tank circuit 
helps clean the waveform, however. 
The diode is operated at 130 mv and 
about 2.5 ma and the total battery 
drain is approximately 18 ma at 1.34 
v. Line-of-sight transmission of 200 
yards was achieved. The oscillator 

TUNNEL cliode clock featui·es ac­
cui·acy considerably better than 
maritime chronometers 



is self-modulated by an audio tank 
ci rcuit (L, and C,). The resulting 
audio tone activates a relay in the 
receiver. In place of L, and Ci a 
microphone and a one-stage tran­
sistor amplifier to voice-modulate 
the transmitter could be used. Ex­
ternal pulse modulation can be fed 
to the oscillator in a similar 
manner. 

Frequency modulation is f'h­

tained by the conductance and ca­
pacitance variation of the diode 
when the d-c bias is voice modu­
lated. 

WIDE -RANGE OSCILLATOR -
One example of such a circuit is the 
Heathkit Tunnel Dipper, a tunnel­
diode dip meter tunable from 3 to 
260 Mc. The simplified oscillator 
portion of this circuit is shown in 
Fig. 5B. 

This oscillator circuit is essenti­
a lly of the parallel type, since c. 
bypasses R,. The reason for this is 
to enhance the oscillator amplitude 
at the high frequency end. The 
diode is a low current, low capaci­
tance axiail unit. T0he circuit is tun­
able over the 3-260 Mc band in 6 
ranges of 3-7, 5-13, 12-32, 30-90, 
80-160, and 150-260 Mc, using plug­
in circu its. Capacitor c"A tunes with 
each coil to cover the required band. 
Capaci tor C"" is in parallel with C". 
on the four lower frequency ranges 
only. This gives a smaller L/C ratio 
necessary at these lower frequencies 
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to obtain clean sinewave operation 
of the oscillator. ( R ., being by­
passed, is small, making R,./ [g .,[ 

small . To maintain reasonable s ine­
wave oscillations Rr/"'' = L,/C,, 
hence L / C must be reduced. 

A recent article" discusses a 
tunnel diode r-f generator covering 
the 170 Kc to 46 Mc range in 5 
bands of about 3/ 1 spreads. 

TEMPERATURE SENSITIVITY­
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Put More Snap in Logic Circuits 

With Field-Effect Transistors 

Circuits using field-e.ffect transistors with a current-limiter load achieve a snapaction 

rapid transition between switching states with a very small range of input voltage 

By G. CSANKY and R. M. WARNER JR., Semiconductor Prod. Div .. Motorola, Phoenix, Arizona 

F ULL EXCURSION of output 
voltage in an ideal logic element 
occurs within a very small range of 
input voltage. Moreover, the output 
excursion should occur near the 
middle of the input range as shown 
in Fig. IA. An analogous relation­
ship between input and output cur­
rents would serve as well. This type 
of logic element is efficient because 
switching occurs within minimum 
input drive. Furthermore, large 
margins are allowed for the initial 
and final values of the input drive 
and a switching speed-up effect is 
realized to the minimum ,.,., ., •• of 
the logic element. 

The ideal characteristic can be 
closely approximated in several re­
spects by using a field-effect tran­
sistor' in combination with a cur­
rent-limiter• load as shown in Fig. 
lB. Here the characteristic of the 
current limiter .is plotted as a load 
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shown in Fig. 1 is r ealized. line and is nearly parallel to the 
field-effect transistor characteristic 
over a wide voltage range. As a neg­
ative voltage is applied at the input, 
the transis1tor characteristic is 
driven down, and the intersection 
of the two curves moves very rap­
idly from point 1 to point 2. As a 
result, a behavior similar t o t hat 

The transition can be adjusted to 
the center portion of the input 
range by proper selection of rela­
tive pinch-off currents. The speed 
of transition from point 1 to point 
2 is dependent upon the transcon­
ductance of the field-effect transis­
tor as well as the slope of the 

SNAPPY LOGIC 

Field-effect transistors are naturals for logic elements because switch­
ing occurs within minimum input drive when the FET's are combined with 
a current-limiter load. Moreover, both NAND and NOR functions can 
be performed with this circuit by varying FET and current-limiter diode 
pinch -off currents. 

In this article, the authors describe the operation and applications 
of their circuit and point out the advantages that should allow it to 

find wide use 
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cha racteristic curves. Switching be­
comes more abrupt if the two inter­
act ing characteristics are flattened. 

An appreciable increase in output 
impedance of a field-effect device 
can be achieved with the screen 
electrode principle." This principle 
may be applied to either or both of 
the devices shown in Fig. lB. In 
the screen electrode principle two 
field-effect transistors are connected 
as shown in Fig. lC. The basic re­
quirement is that FET 1 has 
greater pinch-off current and volt­
age than FET 2. In this case, FET 
1 will act like a voltage sponge; 
therefore, the drain of FET 2 will 
remain at a nearly constant voltage. 
This drain is the screen electrode 
which is analogous to the screen 
grid of a vacuum tube. This effect 
increases the output impedance of 
the field-effect transistor by two or­
ders of magnitude; it has been 
shown experimentally that this re­
duces the switching time of the 
logic circuit comparably since the 
transconductance of the screen­
electrode transistor is similar to 
that of FET 2 alone. 

A steplike switching characteris-

44 

tic can also be obtained with a nega­
tive resistance device under condi­
tions where its characteristic makes 
multiple intersections with the load 
line during some portion of the 
switching cycle; however, in a case 
like this, hysteresis will occur. If 
the configuration shown in Fig. lB 
is used, there is no hysteresis be­
cause the two characteristics inter­
sect at only a single point during 
the entire cycle. 

The circuit shown in Fig. lB is a 
low-frequency configuration be­
cause the drain-gate capacitance 
imposes a frequency limitation that 
is similar to the Miller effect. Dur­
ing the transition from point 1 to 
point 2, the overall gain of the cir­
cuit approaches the µ. of the field­
effect transistor, and the input ca­
pacitance rises to a point where it 
has an important frequency limit­
ing effect. 

This circuit also poses a voltage 
translation problem. That is, nega­
tive voltages are required at the in­
put, while positive voltages are de­
livered at the output. Therefore, a 
complementary element must fol­
low this circuit, or a fairly large off-

set voltage must be provided. 

MODIFICATION-Both problems 
can be solved with a slight modifi­
cation of the basic element a nd two 
d.ifferent solutions exist'· •. Both 
optimize the frequency response 
and eliminate the volfage transla­
tion problem by basically adding a 
source-follower stage to the cir­
cuitry. The two positions for the 
source follower lead to differing 
properties for the two circu its; 
however, both circuits make direct 
coupling possible (with out voltage 
translaition) and enhance frequency 
response. Moreover, they can be 
used to perform logic. 

In case one, the source-follower 
stage is added to the input as shown 
in Fig. 2A. The source-follower 
voltage gain is close to unity so the 
effect of drain-gate capacitance is 
minimized. The output impedance 
of the source-follower stage is low, 
mitigating the high input capaci­
tance of the field-effect transistor 
current-limiter combination. 

The voltage translation problem 
is eliminated because the source of 
the field-effect transistor is kept 
above ground by R,,; therefor e, t he 
source-follower stage and voltage­
divider R1 R , can carry the gat e of 
the field-effect transistor negative 
with respect to its source. Voltage 
divider R, R, is introduced only t o 
compensate for voltage drop occur ­
ring in the field-effect transistor. 

This circuit inverts the phase ; if 
increasing voltage is applied at the 
input, decreasing voltage is deliv­
ered at the output. However, it is 
possible to modify the circuit so 
that it will be noninverting. A cir­
cuit that possesses all the advan­
tages previously discussed and does 
not invert phase appears in Fig. 2B. 
Basically, it is a special type of dif­
ference amplifier with the snap­
action feature added. 

Logic functions can be performed 
with either phase-inverting or non­
phase inverting circuits by the par­
allel connection of input source fol­
lower stages. However, in this way, 
NOR or OR circuits can be produced 
h aving a fan-in of only 3 to 5, be­
cause the range of currents permis­
sible in the voltage divider is lim­
ited for satisfactory operation. 
The fan-out factor is also abou t 3 to 
5 because of the high output im­
pedance of the logic element that 
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is sensitive to capacitive loads. 
In case two, a greater flexibility 

of circuit design is achieved with 
the added feature of high fan-in 
and fan-out. Here, the source-fol­
lower state is added to the output of 
the snap-action switch, as shown in 
Fig. 2C. This provides a low output 
impedance with the required volt­
age translation. Zener diode D, acts 
as a level-translator voltage buffer; 
_thus, approximately the full voltage 
swing is realized at the output of 
the source follower. 

The input of the logic element is 
the gate of the field-effect transis­
tor in the FET-CL combination. 
A great variation of input capaci­
tance during the switching cycle is 
realized through the Miller effect; 
however, its effect is mitigated by 
driving with the source follower of 
a similar preceding stage. 

Both NAND and NOR logic func­
tions can be performed with this 
circuit by varying the pinch-off cur­
rents of the field-effect transistors 
and current-limiter diode. A circuit 
which will perform the two func­
tions is shown in Fig. 2D. It is a 
s ingle circuit and only the choice of 
current determines the type of 
function performed. If the currents 
of field-effect transistors 1 to n are 
selected so that when all are on, 
t heir current sum exceeds the cur­
rent of the current-limiter diode 
CL, but will be less if any one is off, 
then the function performed will be 
NAND as this circuit inverts phase. 
However, if the drain current of 
any field-effect transistor 1 to n, if 
on, exceeds the current of the cur­
rent limiter diode CL, the function 
will be NOR. This relationship is 
shown in Fig. 3A & 3B. 

A limitation of the circuit shown 
in Fig. 2A is its relatively low 
fan-in and fan-out capability. The 
fan-in of the circuit shown in Fig. 
2C and 2D is extremely high. An 
ultimate limitation is the value of 
the cut-off currents of the field­
effect transistors. Another limita­
tion for the NAND circuit is tech­
nological; how close can the drain 
currents of the FET's be held? The 
value of drain current is geometry 
dependent and therefore the prob­
lem reduces to one of geometry con­
trol. It appears possible to obtain a 
fan-in of 50. 

The fan-out of the logic element 
is high too. When the logic element 
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is driven by a 10-Kc sinusoidal in­
put having a peak value of 10 volts 
and operating into one and ten par­
alleled inputs, respectively, the 
waveform for ten inputs, though 
slightly distorted, is still quite sat­
isfactory. A greater distortion of 
the output waveform results if the 
logic element is driven by fast 
pulses having a greater repetition 
rate. 

An interesting feature of these 
elements is tha.t if driven with a 
sinusoidal input, the switching time 
is a constant percentage of the com­
plete cycle 1/ f of the sine wave up 
to the maximum operational fre­
quency. Also, the dimensionless fac­
tor of f T, .,," '" is constant within 
this frequency r.ange. 

It is possible to achieve snap ac­
tion in a circuit analogous to that 
of Fig. lB by substituting conven­
tional transistors for the field-effect 
devices. The fact that an FET is 
voltage operated and can be self bi­
ased produces significant simplifi­
cations. Moreover, in all circuits, 
any kind of FET can be employed; 
that is, the principles are general 
and not applicable merely to an 
FET of certain special properties. 

CONCLUSIONS -These elements 
cannot compete in speed at present 
with circuits employing conven­
tional transistors, since the fre­
quency range within which proper 
operation can be obtained is a f ew 
hundred kilocycles . However, in ap­
plications where speed is not a basic 
requirement, such as for periheral 
equipment in computers, their ad­
vantages can be fully exploited. 
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In addition to snap-action and 
direct d-c coupling, these circuits 
have the potential advantage of 
very low power dissipation. This 
relates again to the fact thrut an 
FET is voltage operated, and that 
very low operating currents can be 
chosen. 

Field-effect transistors can be 
easily integrated in a monolithic 
configuration, because the current 
axis of a field-effect transistor inte­
grated circuit lies in the plane of 
the wafer, rather than normal to it. 
Since certain electrical parameters 
are geometry dependent, simple 
concentric patterns can be used to 
integrate the circuit. 

Finally, an advantage of the cir­
cuits is temperature compensation, 
because both the current limiter 
and field effect transistor have the 
same relative temperature coeffi­
cient. This means that the shift in 
operating point caused by tempera­
ture variation is small. In addition, 
the negative temperature coefficient 
of the devices will prohibit the ther­
mal runaway of the circuits, mak­
ing it a useful tool for higher tem­
perature operation. 
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CO-AUTHOR Pecina inspects paper tave vunch on 
the electronic timing equipment 

AUTOMATED RESEARCHER 

In many nuclear experiments where large amounts 
of data are collected, processed, and then further 
analyzed by computers, the experimenter can be re­
lieved of time consuming operations by using a pro­
gramming device. The equipment described allows 
for unattended operation where positioning devices 
are automatically controlled, and where detectors, 
gates, gate combinations, counters and pulse height 
analyzers are automatically selected in programmed 
combinations to collect data 
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By RONALD PECINA and THOMAS EVANS* 
Argonne National Laboratory, Argonne, Illinois 

Taking Human Error 

THE ELECTRONIC TIMER described here pro­
vides both flexibility and accura:::y. Time intervals 
can be varied from 0.1 sec to over 24 hrs with an 
accuracy dependent on the frequency standard 
used. 

Figure 1 gives a breakdown of a programmed ex­
periment where a number of runs make up an ex­
periment. Each run has a set-up time and an active 
time interval. Set-up time is used to select the in­
struments and rotate the positioning equipment for 
the next run. At the same time, data from the pre­
vious run is read out. Active time intervals, t.T,, 
t.T,-t.T," are independent preset intervals during 
which data is accumulated. 

SYSTEM COMPONENTS-The active time interval 
is controlled by the present timer. The timer in­
cludes a multiple preset six decade counter with 
binary coded decimal (bed) outputs. Preset 
switches connected to the decade output lines con­
trol the counting interval. 

The programmer is a seven-level paper-tape 
reader. Six levels are decoded to give sixty-four 
command characters, which controls position, mode, 
and readout commands. 

The program tape format includes a position, 
mode select, and readout command. The experi­
ment is controlled by the tape program and the pre­
set timer. Active time of a run depends on the 
timer capacity, while the only limit to the number 
of runs in an experiment is the quantity of pro­
grammed tape available. When a number of runs 
are identical, or cyclic, the program tape can be a 
closed loop. An experimental run includes the steps 
laid out in Fig. 2. 

While readout onto punched paper tape is in prog­
ress, the program reader gives the next positioning 
command. This allows the two dead time processes 
of data readout and positioning to occur simul­
taneously. 

OPERATION-The timer scaling unit (Fig. 2B) 
consists of six decimal counting units (dcu) and 

*Presently attending Northwe·ste-rn University. 
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Control unit decides when to take measurements and what to measure, and 

also reads out data at inte'tvals onto magnetic or punched-paper tape 

Out of NUCLEAR EXPERIMENTS 

a seventh unit is a scale of six. The time base in­
put can be either the 60 cycle line frequency or 
a n externa l reference oscillator. When line fre­
quency is the time base, the scale of s ix counting 
unit converts the 60 cps to 10 cps. Output pulses, oc­
curring at 0.1 second rate, are counted in the six dec­
ade scaling unit. The full count capacity gives a time 
interval of 99,999.9 seconds. Each decade has four 
bed output lines (1, 2, 4, 8 weights ) . The coded 
output lines of a decade connect to a thumbwheel 
switch. This is a 10 position printed circuit switch 
whose contacts are arranged to accept the four line 
bed input. An output is produced when the count 
registered in the decade agrees with the number 
showing on the switch. For example, referring to 
Fig. 3, when a 7 is preset on the switch, the 1, 2, 
and 4 weight lines of the decade connect to the cor­
responding input lines on the switch. The 8 weight 
line is opened by the switch. When the decade 
registers 7, all three inputs to the switch are posi-
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SET UP 
COMPLETE 6 

CHA NGE 
DATA 
DEVICES 

START INTERVAL 7 

ro .,. 

~ 
ti 
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en i5 

~ ~ 
::; 0 

0: ~ 
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POSIT­
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DE VICE 

DATA STOP INTERVAL 8 PRESET CO~P~~~~~~G~TAL 
COLL ECT READOUTCOMPLETE TIMER i+c~~-'-"-'-"'-' 

EQUIPMENT START R AD OUT 9 

(Al 

READOUT 
DATA 

DATA STORAGE 
(TAPE PUNCH) 

TIME BASE DSC 
60. CYCLE 

MODE SET UP 
COMPLETE 

TIMING 
SCALER 

(B) 

}~~ u: ~·;,~~£is MR ~J·~;~~J sgR u;.J~~J~' ... t %~ °,';Jcr:~l 
ACCu~\eel~rn) READOUT llT

2 
READOUT 

6
T3 READOUT ti.TN 

6.T1 -O~AT, ---RUN -RUN 
DATA 8T2 t.HI TN 

-RUN AT, ·~--RUN 8T2 --- ---- RUN CT3 -R~NMTN-

BEGIN 
EXPERIMENT 

TIM[__,... 

END 
EXP(R!M(NT 

EXPERIMENTAL timetable is followed by automatic 
timing eqilipment-Fig. 1 

tive and transistor Q, is cut off. A preset of 7 on 
the thumbwheel switch connected to the least sig­
nificant decade gives an output when 7 pulses are 
registered (0.7 seconds ) . Assume a second switch 
is connected to t he next decade (seconds register). 
When a 4 is preset on the switch, an output is gen-

END OF ACTIVE INTERVAL 

DCU 4 BCD LINES 

} TENTHS 

SELECTOR PLUGS 
FOR PRE SETS BCD 

LS BCD SWITC H 

MS BCD SWITCH 

v-7° 
PRESET A SELECT RELAY 

(CLOSED BY MODE INFORMAT ION) 
B C D 

SE LECTOR 
PLUG PRESE T A 

OTHER 
IDENTICAL 
PRESETS 

SEQUENCE of operations follows the numerical order shown in (A); logic diagram of timer unit (B)-Fig. 2 
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THUMBWHEEL logic requires all lines to be positive to 
produce an output-Fig. 3 

erated when. 4 counts are registered (4.0 seconds) . 
The logica l product of these two signals produces 
an output when 4.7 seconds have elapsed. 

Up to thi s point, two decades of the timer h ave 
been connected to two thumbwheel switches. Pre­
set intervals over the full time range are set up in 
the following way. A series of selector plugs have 
been prewired. Each plug connects two of the six 
decades to the two thumbwheel switches. 

Four independent preset intervals (A B C D ) are 
available to control the active time of each of the 
twelve modes. Each mode switch select s one of the 
four preset intervals as shown in Fig. 4A. 

The timer provides the start command to all data 
collection equipment. At the end of the active time in­
terval, the timer gives the stop command to all cir­
cuits. To provide accurately controlled t:.T's the 
synchronizing circuits shown in Fig. 4B are used. 
These circuits ensure the active time interval is syn­
chronized with the time base oscillator. 

A Schmitt trigger shapes the sine wave output of 
the reference oscillator to a fast rising square wave. 
The square wave is differentiated and gated with 
the shaped mode setup complete signal such that the 
first negative pulse after the rise of the mode setup 
complete signal (pulse 1 in Fig. 4B) sets the REFER­

ENCE flip-flop. 
Pulse 2 sets the DELETE 1 flip-flop and starts the 

MOOE----+ 

SELECT 

~~~S~~ FOUR -----+ 
INTERVALS 

BCD SWITCHES --+ 

PRE WIRED 
RANGE SE L--+ 
PLUGS 

(A) 

PROG RAM RE ADER 

MOOE SELECT 
CO MMAND 

MOD1". 
SETUP 
COMPLETE 

(B) 

active time interval. A delayed output of the DELETE 

1 circuit is gated with t he time base pulse train. This 
permits pulse 4 and each successive positive pulse to 
be counted. 

The timer advances until the count registered is 
the same as the thumb-wheel switch preset. At 
this time, both the REFERENCE and DELETE 1 flip-flops 
are reset and the active time interval ends. Pulse 
2 started the active time interval while pulse 4 was 
the first registered in the timer. This ensures that 
the active time and preset time intervals are of the 
same length. Since an advance timer pulse deter­
mines the end of a period, pulse 2 must be inhibited. 

ALTERNATE DESIGN-The program preset timer 
is one vari::-.tion of the idea of programming a series 
of time intervals by means of a program tape and 
reader. In another approach, the program reader can 
control the timing interval without the use of selector 
plugs and preset switches. Programmed commands 
directly select the timing interval. These commands 
consist of a group of characters. When the timer 
count agrees with the timer command, the active time 
interval stops. 

A decision as to which of the two approaches to 
use depends on the particular application. In this 
experiment the programmer controls devices other 
than the timer, and was limited by sixty-four output 
commands. The four preset time intervals are suffi­
cient for all anticipated t:.T's . If more than 6 or 8 
separate preset time intervals are required, control­
ling the timer directly from the program tape might 
prove more efficient. In this case it would have been 
necessary to record :the time interval information of 
each data run in the experiment. 

CONCLUSION-The programmable preset timer 
can be adapted to any sequentially dependent series 
of functions that contain a time variable. For the 
uuclear experiment at Argonne the timer provided 
the flexibility needed for useful a utomation. Once 
the program is written, the time setup and the modes 
of operation preset, the system will operate auto­
matically. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 

0 I 2 3 4 
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COUNT 
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2 R 

RESET END 
'--------~='---PRESET 

INTERVAL 

SIGNAL FLOW and switch-setup for a single preset time (A) synchronizing circuit shows how array of mode 
switches selects a preset time int.erval (B)-Fig. 4 
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2 nanoseconds/cm: 
impossible to photograph until now 

, Polaroid has a new film that is 
so fast, it will reproduce scope 
traces that are almost invisible 
to the naked eye. The one above, 
a scintillation pulse, has never 
been photographed until now. 
Pulse duration was ten nanosec­
onds. Scope sweep speed was 2 
nanoseconds/ cm. The new 10 ,000-
speed Polaroid PolaScope Land 
film produced a finished usable 
print ten seconds after exposure. 

The maximum writing speed 
of the 10,000-speed film is about 
twice that of the Polaroid Land 

3000-speed film, which is cur­
rently the standard for high 
speed photography. The new film 
not only gets "impossible" pic­
tures, it also produces far better 
shots of slower pulses and steady 
state waveforms. Because of its 
high speed, less light is required; 
camera aperture and scope inten­
sity can be reduced considerably, 
producing sharper pictures. 

And besides oscillography, the 
PolaScope film opens up new pos­
sibilities-in applications where 
light is at a premium, such as pho-

tomicrography and metallogra. 
phy. It is not suited, however, for 
pictorial work due to its high con­
trast and relatively coarse grain. 

PolaScope film (designated 
Type 410) is packed twelve rolls 
to a carton. The price is about the 
same as the 3000-speed film. 

The film can be obtained 
through industrial photographic 
dealers. For the name of the 
dealer nearest you, write to 
Technical Sales Department, 
Polaroid Corporation, Cambridge~ 
39, Massachusetts. 

New Polaroid Land 10,000-speed film for oscillography. 
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RESEARCH AND DEVELOPMENT 

Rapid Method Measures Diode Characteristics 
By M. HERNDON and A. c. MACPHERSON, u. s. Naval Research Laboratory, Washington, D. c. 

osc. 

OSCILLOCOPE 

0 
VERT. HOR. 

LOG I AGAINST V characteristics 
are viewed using this sim7Jle ar­
rangement-Fig. 1 

CHARACTERISTICS of a 1N263 
diode and 150-ohm resistor, with a 
= 25-Fig. 2 

Thin-Film Growth In Electric Field 

APPLIED ELECTRIC d-c field causes dendritic growth in silver telluride 
thin film. Recrystallization process is illustrated at left. Effect of a-c field 
on silver telluride growth is shown at right. From paper presented by 
C. Paparoditis of C.N.R.S. Laboratories, Bellevue, France, at single-crystal 
thin-film conference at Philco Research Center, Blue Bell, Pa. 
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Diode parameters can 

be read off directly 

on scope screen 

MOST USEFUL semiconductor di­
odes follow the law I= I . ( e"'' - 1), 
where I and V are the diode current 
and voltage, and I . and a are con­
stants which characterize the diode. 
The parameter a is important since 
it is a measure of the diode non­
linearity. 

For aV >> 1, log I= aV, and 
thus a can be determined by plot­
ting the characteristic on semilog 
paper and measuring the slope. This 
however is time consuming, and a 
faster method will be described. 

The circuit of Fig. 1 will produce 
a display of log I against V on a 
scope face. The logarithmic voltage 
compressor unit, manufactured by 
Kane Engineering Laboratories, is 
capable of producing an output volt­
age proportional to the logarithm of 
the input voltage when the input 
voltage is greater than 0.3 volt. The 
current measuring resistor R , must 
be small compared to the input im­
pedance of the logarithmic voltage 
compressor, and at the same time 
high enough to develop the mini­
mum input voltage at low diode cur­
rent. A value of 50 K works well. 

There is still the problem of 
measuring the slope. Consider that 
the I-V curve for a resistor is I = 
GV where G is the inverse of the 
resistance. Taking the log of both 
sides, log I = log G + log V. Thus 
d log l / dV = 1/ V, or the slope of 
log I against V is 1/V. This means 
that if a resistor R . is substituted 
for the diode, the slope is given by 
1/V, independent of the value 
of the resistor. Figure 2 is a 
double-exposure photograph of 
curves for a 1N263 diode and for a 
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12 'ABC' POWER SUPPLIES 
FLEXIBILITY• HIGH QUALITY• LOW COST 

CHECK 
KEPCO 
( .. -A.-a -c -.. :. 
R;;,~-noe-Dc·;;;~y 

GROUP 

from 0-2V /1A to 
0-2500V /2ma 

~~:-:~:. ....... ,...., .. _ ..... 
11111 .• 1!""'·~ 11111_, 

0.05% REGULATION and STABILITY 
ALL· TRANSISTOR MODELS 

DC OUTPUT RIPPLE *METERED RMS PRICE 
VOLTS AMPS MV MODEL 

0-2 0-1 0.25 $179.00 ABC2-1M 
0-7.5 0-2 0.25 159.00 ABC7.5-2M 
0-10 0-0.75 0.25 119.00 ABC 10-0.75M 
0-15 0-1 0.25 159.00 ABC 15-1M 
0-18 0-0.5 0.25 119.00 ABC 18-0.5M 
0-30 0-0.3 0.25 119.00 ABC30-0.3M 
0-40 0-0.5 0.25 159.00 ABC40-0.5M 

HYBRID MODELS 
0-200 0-0.1 0.5 199.00 ABC200M 
0-425 0-0.05 0.5 199.00 ABC 425M 
0-1000 0-0.02 LO 274.00 ABC lOOOM 
0-1500 0-0.005 LO 274.00 ABC 1500M 
0-2500 0-0.002 LO. 334.00 ABC 2500M 

INPUT REQUIREMENTS: 105-125V AC, 50-440 cycles. 

VOLTAGE/CURRENT REGULATED 

Connections provide for: 

• REMOTE PROGRAMMING OF VOLTAGE 
OR CURRENT BY RESISTANCE OR 
VOLTAGE 

• REMOTE ERROR SENSING 

• PARALLEL AND SERIES CONNECTION 

PROMPT DELIVERY 
MOST MODELS FROM STOCK 

All-Transistor Circuit is illustrated below. The Hybrid Circuit 
ls a unique design which achieves high efficiency and re· 
liability through the use of Transistorized Reference and 
Amplifiers combined with a Vacuum Tube series pass ele· 
ment for reliable high voltage operation. 

PASS 
TRANSISTOR(S) 

+ 
All models are designed for continuous operation without de· 
rating under all specified line, load and temperature conditions. 

• UNITS are available without volt/amp meter; delete suffix 
"M" ftom model number and deduct $20.00 from price (ABC 
2500M, ABC 1500M, ABC lOOOM voltmeter only; deduct $15.00). 

RACK MOUNTING ADAPTER (5·%" H x 19" W): 
Model RA-4: for mounting 2 units ....•............................. $15.00 
Model RA-5: for single unit •...............•............ ,., ..•....•.... $15.00 

For complete specifications on 
more than 230 standard model 
Power Supplies, send for NEW 
Catalog B-631. 

131·38 SANFORD AVENUE • FLUSHING 52, N.Y., U.S.A. • Phone (212) IN 1-7000 • TWX# (212) 539-6623 • Cable Address: KEPCOPOWER, NEW YORK 
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IDllJlllLI 
TEFLON* 

FLEXLEAD MB is Markel's answer to 
your bond ing problems for applications 
requiring encapsulat ion of wires insu· 
lated with Teflon. Factory-applied to any 
of the FLEXLEAD Teflon Wires, extruded 
or tape-wrapped, the MB process renders 
the surface bondable with the commonly 
used elastomeric and epoxy-base potting 
and encapsulating compounds. Without 
affecting the color or electrical properties 
of the insulation, the MB treatment pro­
vides a bond with up to 150 psi pull-out 
strength, and a surface receptive to mark· 
ing and printing. 

TWISTED PAIRS 
The new FLEXLEAD Fused Twisted 

Pair construction of Teflon insu lated wire 
provides ·all the characteristics of a 
balanced twisted pair, with the added 
advantage that it will not unravel during 
i nsta l lat ion or after repeated fl exi ng. 

Ask for Samples, Data, and Prices 
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150~hm resistor. There must be 
some voltage, V., at which the diode 
slope is equal to the resistor slope. 
This voltlage is read off the horizon­
tal scale and a = 1/V •. If R is too 
large, the minimum input voltage 

will not be developed across R,. If 
R . is very small, the scale of the 
trace on the soope face will be incon­
venient. A 2,000 ohm potentiometer 
was used for R,, varying R, to per­
mit accurate slope comparison. 

Laser Link in Gemini? 
Next stage of manned 

space program may 

give lasers a tryout 

HOUSTON-The future of the 
laser in manned space programs 
is getting a big boost here at the 
Instrumentation and Electronics 
System Division (IESD) of NASA's 
Manned Spacecraft Center. Several 
R&D study programs-designed to 
screen out the "plausible from the 
far-fetched" applications-are now 
in progress. 

The first actual applications of 
MSC's laser work could come on 
one of the early two-man Gemini 
space flights, which wi ll prob­
ably start in 1965. 

Present plans call for an ex­
periment in which an astronaut 
would point a small hand-carried, 
voice-modu lated, gallium-arsenide 
laser transmitter from the Gemini 
spacecr aft toward a flare-marked 
ground receiver. Upon command, 
a 30-second message wou ld be 
beamed. This experiment has not 
been approved yet, but it is recom­
mended by W. L. Thompson, who 
heads laser R&D at MSC. 

MSC engineers say, citing a more 
soph isticated possible application, 
that a Mars-bound astronaut could 
be supplied with instantaneous in­
formation on altitude and rate of 
descent from laser beacons dropped 
earlier by unmanned probes. Three 
beacons, forming a triangle, could 
reflect the laser beam from a 
descending spacecraft without 
signal interruption by rocket blast, 
pin-pointing the landing spot. 

COMMUNICATIONS - IESD has 
had Hughes Aircraft studying the 
feasibility of an u ltimate deep 
space communication system for 
several months . ELECTRONICS was 

told that extending the study has 
been recommended. 

Hughes is studying three areas: 
beaming the laser between space­
craft and the earth; between a 
spacecraft and an earth-oribiting 
satellite, then relaying to earth by 
microwave; and beaming the laser 
between a spacecraft and a lunar­
based laser station, then relaying 
the signal to earth by microwave. 

The study compares the laser 
and microwave. First reports re­
veal "the laser is winning out in 
perform ance and poundage ." 

RADAR AND RANGING-IESD 
has also been study development 
of optical radar, with Lincoln 
Laboratory. This may lead to the 
use of optical radar on later ver­
sions of the Apollo lunar excursion 
module (LEM). Presumably, says 
MSC, "it could replace a number 
of microwave systems now pro­
posed for the Apollo mission 
amounting to a weight saving of 
about 100 pounds." 

The division is studying laser 
beam attenuation through rocket 
exhaust. This may lead to a rang­
ing device, or altimeter, aboard a 
later generation LEM. It could 
beam the laser directly downward 
t h rough the exhaust's ion sheath to 
"feel" out the lunar surface for a 
safe descent. 

MSC engineers also foresee a 
laser in an earth-orbiting satellite 
used as a navigation "fix" by a 
spacecraft returning from a deep­
space mission. 

Fuel Cell Runs on Regular 
Gasoline or Diesel Oil 
NEW direct-conversion fuel cell, an­
nounced by General Electric's Re­
search Laboratories, runs on inex­
pensive commercial fuels such as 
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NEW GEN-PRO 700 SERIES 
INDUSTRIAL TERMINAL BOARDS 

ALL SIZES AVAILABLE NOW FOR 
TIMED DELIVERY AS NEEDED 

Superior features • Competitively priced • Conveniently packaged 

When you need terminal boards for any application, rely on Gen-Pro's great new 700 
Series for the quality and interchangeability you want-on Gen-Pro's unique timed 
delivery for prompt as-needed shipments. Greater length-up to 46 terminals-permits 
a larger number of connections than ever before possible. Thicker, stronger barriers 
with rounded corners reduce breakage-creepage path is longer-saddle plates avail­
able for more secure mounting. All sizes and variations in number of stations­
packaged in lots of 5, 10 and 20. The boards of your choice are delivered from stock in 
the quantities you require-when you need them. All types of hardware and special 
molding compounds are available in addition to standard-purpose phenolic. Write 
today to Dept. SMMD for illustrated literature. 

Your assurance of quality. 
700 Series term inal boa rds a re 
subject to the same rigorous qual· 
ity control procedures as Gen-Pro's 
famous 400 Series - t he finest 
commercial termina l boards avai l· 
able anywhere today. 

700 SERIES TERMINAL BOARDS 

Model No. 

740 
741 
742 
764• 

•32 screws 

Voltage, RMS 

1200 
1600 
2500 
1600 

Term i nals 

1-46 
1-39 
1-30 
1-46 

GENERAL 
PRODUCTS 

CORPO RATION 
UNION SPRINGS, N.Y. 

TWX No. 169 
Phone: (area code 315) TT9-7367 
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DEi 

NEW from DEi 

PlJSH-HUTTOl\I 
PCM 
S\'l\ICHHOl\llZER 

• Exceptional Stability and 
Calibration Accuracy 

• Correlating Bit Detection 

• All Digital Loop Filter 

• Wide Dynamic Input Range 

00 
100 IOOO 

NOW-for the first time, push-button 
bit rate selection is possible! 

From Defense Electronics, Inc. comes 
the latest in a line of PCM Digital 
Products. 

The solid state BRS-1 Bit Synchronizer/ 
Conditioner has been designed for 
PCM telemetry applications and fea­
tures accurate setting (within 0.1 per 
cent) for a known bit rate prior to actual. 
signal reception. 

This exceptionally stable and highly 
accurate synchronizer accepts a serial 
PCM signal at rates up to 1 me, auto­
matically conditions the incoming data 
and generates a stable clock signal. 

Automatic circuitry adjusts to input sig­
nals over a 40 db dynamic range. The 
unit incorporates a unique digital loop 
filter that maintains bandwidth propor­
tional to bit rate at all frequencies. Out­
put of the synchronizer is a reshaped, 
noise-free, serial PCM signal and a set 
of clock signals phase coherent with the 
output data. 

The BRS-1-which can be remotely-· 
controlled-performs the functions of 
data regeneration, format conversion 
and serves as the "front-end" for any 
digital telemetry system. 

Write for DE! bulletin BRS-1 ..• orcall: 

Defense Electronics, Inc. 
Main Office: 

5455 Randolph Rd. Phone: WH 6•2600 

Rockville, Md. TWX: 301 1949,6788 
SERVING 

GOVERNMENT 

AND INDUSTRY 'Regional Office: Sherman Oal<s, Calif. Phone: 873-4322· 
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gasoline, diesel oil, methane and 
propane, operates at moderate tem­
peratures (150 deg C), much lower 
than previous hydrocarbon cells. 

Developed with support from 
ARP A, the new cell converts the 
complex-molecule hydrocarbon fuels 
directly to pure water and carbon 
dioxide, with 100 percent oxidation 
and no byproducts. Practical effi­
ciency is 50 to 70 percent, compared 
to 20 to 25 percent for combustion 
engines. Power densities to 25 watts 
a square foot have been achieved. 

Hybrid Computer Tells 
Pilot Where He Is Going 
HYBRID AIRBORNE computer weigh­
ing 30 pounds has been developed 
by General Precision to supply 
pilots with position, ground track 
and wind information. Called the 
Minac-5, the system uses solid­
state components and has a self­
contained power supply. The pilot 
may change destinations, set re­
quired inputs and correct position 
information without loss of com­
putations. The computer can store 
an alternate destination which may 
be selected at any time during flight. 

100-Kilogauss Coil 

SUPERCONDUCTING MAGNET 
has achieved 101 ,000-gauss mag­
netic field at General Electric's Re­
search Lab (see ELECTRONICS 
p 7, June 7). Coil has 600 
turns of special niobium-tin con­
ductor 1140 inch diameter, passed 
266 amperes at 1.8 deg K elvin to 
achieve a field that, without sup<'r­
conduct'ivity, would require about 
two million watts 
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Counting knob Zivy 
Z1003 

for mounting on Read to 1 I soo of a Write to: 
precision multiturn turn 
potentiometers. 
controls of precision Estimate 1I1000 th 

instruments, 

Victor George Herman 
49 West 96th Street 
New York 25, N.Y. 

machine tools, etc. 
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Are you a 
COMPLETELY 
INFORMED 
electronics 
engineer"/ 

Today you may be work· 
ing in microwaves. But 
on what project will you 
be working tomorrow? 
You could have read 

, electronics this past year 
and kept abreast of, say, microwave technology. 
There were 96 individual microwave articles be· 
tween July, 1961 and June, 19621 

But suppose tomorrow you work in some area 
of standard electronic components, in semiconduc­
tors, in systems? Would you be up-to-date in these 
technologies? Did you read the more than 3,000 
editorial pages that electronics' 28-man editorial° 
staff prepared last year? 

electronics is edited to keep you current wher­
ever you work in the industry, whatever your job 
function (s). If you do not have your own copy of 
electronics, subscribe today via the Reader Service 
Card in this issue. Only 7112 cents a copy at the 3 
year rate. 

electronics 
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catalog sheet. 

MARCONI 
INSTRUMENTS 

DIVISION OF ENGLISH ELECTRIC CORPORATION 
It t CEDAR LANE • ENGLEWOOD, NEW JERSEY 

MAIN PLANT: ST. ALBANS, ENGLAND 
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COMPONENTS AND MATERIALS 

French Reveal New Field-Effect Structure 

Oversea,s version uses 

rnajority carriers in a 

bulk conducting layer 

By A. V. J. MARTIN, 
Paris , France 

AN EXPERIMENT AL semicon­
ductor device, developed at Com­
pagnie Generale De Telegraphie 
Sans Fil in France, works on basic 
principles proposed for field-effect 
devices. 

Structure of the French version, 
called the Statistor, is shown in 
Fig. 1. The photo shows a model 
that has been constructed based on 
this basic configuration. 

The insulated control electrode 
can be driven either positive or 
negative with no detrimental effect 
on input impedance, which exceeds 
one million megohms. The associ­
ated input capacitance is 0.4 pf. 

The lower bar of silicon in the 
diagram has noninjecting ohmic 
contacts at each end. One contact 
is the source, the other is the drain. 
The thin insulating layer of silicon 
oxide, placed over the semiconduc­
tor, is partially metalized, and pro­
vides the control electrode or gate. 

A suitable control voltage applied 
to the gate creates a depletion re­
gion inside the semiconductor and 
modifies semiconductor resistance 
between source and drain. Varying 
the control voltage results in con­
ductance modulation of the semi­
conductor. The conducting region 
of the semiconductor, called the 
channel, can be either p or n type. 

Input impedance to the gate 
reaches 1012 to 10" ohms in labora­
tory samples. The basic device uses 
no junction, so that noise and pro­
duction problems associated with 
junctions are eliminated. 

In actual practice, these advan­
tages are only partially realized, 
mainly because of the necessity of 
obtaining a thin enough layer of 
semiconductor for field effect to 
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become significant. This imposes 
production techniques based on in­
jection transistor experience, so 
that a junction is incorporated in 
practical design. However, this 
junction is a convenient production 
process, and is in no way a require­
ment of the device. 

Performance of the unit depends 
upon the particular technique used 
in constructing hand-made speci­
mens. Several methods have been 
investigated, and these have re­
sulted in sizable dispersion of char­
acteristics. Representative param­
eter values of constructed units are 
as follows: pinch-off voltage, gate 
shorted to source: 6 to 20 volts; 

BASIC structure of field-effect de­
vice developed at CSF is shown in 
diagram. Photo shows actual con­
stnwtion of working model-Fig. 1 

pinch-off current: 200 to 800 micro­
amps; gate transconductance (posi­
tive gate ) : 80 to 200 microamps/ 
volt; gate transconductance (nega­
tive gate) : 80 to 180 µ.a volt. 

A production process results in a 
second gate, called the large gate, 
on the face opposite the control 
gate. This large gate can be used 
to bias the device and set the quies­
cent point in a better region of op­
eration. Such a structure is prop­
erly called a tetrode. Diffusion, 
photolithography, mesa, epitaxy 
and planar techniques can be used 
to construct the basic structure. 

A structure based on planar tech­
nology uses, as starting material, 
a p-type silicon monocrystal of 4-
ohm resistivity. Oxide production 
and phosphorous diffusion are con­
ducted through masks, those used 
for injection transistors. 

In the present state of develop­
ment, this device is relatively large 
(500 x 200 microns). The various 
points of the conducting channel 
are connected to the large gate 
(silicon body) not only through ca­
pacity, but also through the whole 
thickness of the high-resistivity 
silicon bulk. Consequently it would 
be advantageous to use a deep 
counter-diffusion and only a thin 
layer of high-resistivity silicon. 
Channel length may be reduced to 
ease voltage breakdown problems. 

When used with a floating gate 
(no external resistor), the device 
can serve as a solid-state electrom­
eter. A simple modification of 
structure leads to a symmetrical de­
vice that corresponds to double 
electrometer tubes. The device can 
be used in this way in all cases 
where a high input resistance is 
required. 

BIOLOGICAL SIGNALS-Typical 
applications of the solid-state elec­
trometer are in the measurement of 
very small potentials, as encount­
ered in pH work or in biological 
signals, and also in the measure­
ment of very small charges. Elec-
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with a Dl-ACRO 
ROL-FORM DIE 
Workmarking from forming sheet 
materials in press brakes and punch 
presses is greatly reduced and in 
many metals completely eliminated 
when formed with the D i-Aero 
Rol-Form Die. Hardened and pre­
cision ground rolls pivot smoothly 
in the die block to fold material 
without strain. You save costs by 
discarding elaborate and time con­
suming preparation and work 
methods, reducing polishing t ime, 
eliminating scrap parts. You also 
cut costs in press brakes and punch 
presses by reducing the number 
of dies needed and the set-up t ime. 

· One D i-Aero Rol-Form Die with 
a 60° upper die forms any angle to 
60 ° and any thickness of metal to 
Ys" just by adjusting the ram or 
bed of the brake. Where ultra­
high finish material is to be formed, 
nylon inserts can be used in the 
die block to further reduce the 
possibility of work marks. 

The Rol-Form Die is offered in 
five styles and in lengths from 6 
inches to 12 feet for use in all sizes 
and models of press brakes and 
punch presses. 

For ordinary press brake ~ 0 ~B ~ ~ forming ask about Di-Aero 
Standard Press Brake Dies. 0 

Consult the yellow pages of 
our telephone book under 

~achinery-Machine Tools for 
the name of you r nearest 
Di-Aero distributor or write us. 

pronounced die-ack-ro 

• 

01-ACRO 

For:.~~~N~IRl!~.'~1~ Co. 
436 Eig hth A venue 

Lake City, Min nesota 
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trical charges due to ionization can 
probably be measured, with even­
tual direct integration by the long 
input time consfanrt. 

High-nensitvity high-impedance 
voltmeters can be designed around 
these field-effect devices. 

A Strutis>tor has been connected in 
a simple armngement shown in Fig. 
2. The photo shows a working 
model of this cir·cuit. The entire 
circuit, including the battery, is 
concealed ins•ide the sphere. The 
gate is connected to the sphere, sup­
ported by an insulating bushing. 
A current of about 40 microamps 
flows in the circuit and is indicated 
by the meter. When the hand, or 
any conductor however poor, is 
brought within distance of the 
sphere, an electrostatic charge 
builds up on the gate, and blocks 
the Statistor. The current drops to 
zero. The transistor is added in 
series to limit current. 

Figure 3 is a trace showing two 
voltage-current curves correspond~ 
ing to the two states of the field­
effect device in the demonstration. 

The Statistor is only one of a 
family of devices, called dielectrons, 
whose operation is based on field 
effect through a dielectric layer. 

The research laboratories of CSF 
have been investigating field effect 
for several years. Their first com­
mercial product was the Alcatron, 
a high power (several watts), high­
frequency (above 100 Mc) device. 

PROXIMITY detector circuit is 
constructed in sphere shown in 
photo. French cigarette case in 
vhoto indicates size of actual unit­
Fig. 2 

VOLTAGE-CURRENT curves cor­
resvond to the two states of the 
Statistoi· in the proximity indicator 
circuit-Fig. 8 

Investigation of space-charge 
control in a semiconductor through 
a dielectric layer has been carried 
on at CSF by R. Tribes, assisted by 
J. Barthez at the solid-staite lab­
oratory headed by J. Grosvalet. 

Low-Oxygen Silicon 
Crystals Hit Market 

NEW PROCESS for manufacturing 
high-grade silicon semiconductor 
crystals has been developed by 
Texas Instruments. Crystals re­
portedly have low oxygen content 
and low etch-pit density. 

Marketed under the name Lopex, 
the crystals have been sampled in 
industry since last November. 
Evaluation quantities have sold at 
prices ranging up to $10 per gram, 
but the material now will be sold 
for $2.90 per gram. Ralph Stroup, 
manager of Tl's Materials & Sen­
sors Department, reports this price 
is competitive with premium-grade 
conventional float-zone crystals, but 
higher than typical crucible-pull 
crystal prices of $1.10. 

Tl's Dallas Materials Plant, 
which claims the industry's largest 
output of semiconductor silicon, 
will have converted at least one­
third of its capacity to the new 
process by the end of 1963, E. 0. 
Vetter, Vice-President, reports . 

The new process, according to 
Stroup, combines some of the tech­
nique of the float zone and crucible 
pull manufacturing processes. Be­
side being low in both oxygen con­
tent and etch-pit density, the Lopex 
crystals are high in minority car­
rier lifetime, Stroup said. Avail­
able in resistives up to 300 ohm-
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Despite the tremendous speed and raven­
ous appetite of today's most advanced 
computers, scientists at Lockheed Mis­
siles & Space Company's Computer Re­
search Laboratories feel that there is room 
for a great deal of improvement. They have 
dedicated themselves to the discovery and 
development of ways to increase the speed 
and reliability of computers while simpli­
fying their operation. 

Though today's computer circuits are 
capable of operating at speeds measured 
in tens of nanoseconds, the useful com­
putation rate is far slower. One of the 
roadblocks hindering speed is the need 
for the computer to wait for the carryovers 
from one column of figures to catch up 
with the main calculation. A possible an-

swer to this problem is modular arithmetic, 
which avoids carryover. Based on the an­
cient Chinese Remainder Theorem, this 
concept is being re-examined at Lockheed 
for potential computer applications. 

Lockheed's Computer Research Labo­
ratories are studying a very broad group of 
related computer research areas, and the 
company can boast that an unusual num­
ber of its specialists are at the very fore­
front of their specific fields. 

Among the major areas of research 
being undertaken at this time are basic 
physical phenomena, such as phonons; 
quantum mechanics; switching theory; 
residue arithmetic (number system re­
search); threshold logic and pattern 
recognition and logic design techniques. 

LOOK AT LOCKHEED ... AS A CAREER 

Consider Lockheed's leadership in space 
technology. Evaluate its accomplishments 
-such as the Polaris missile, the Agena 
vehicle's superb record of space mis­
sions. Examine its outstanding advantages 
-location, advancement policies, creative 
climate, opportunity for recognition. 

Then write for a brochure that gives you 
a more complete Look at Lockheed. 
Address: Research & Development Staff, 
Dept. M-48A, P.O. Box 504, Sunnyvale, 
California. Lockheed is an equal oppor­
tunity employer. 

SCIENTISTS & ENGINEERS: In addition 
to positions relating to computer research, 
such as logical design specialists and 
mathematicians, other important openings 
exist for specialists in: Trajectory analysis 
• Inertial guidance • Electromagnetics • 
Orbit thermodynamics • Gas dynamics • 
Chemical & nuclear propulsion• Systems 
engineering • Electronic engineering • 
Communications & optics research 

L OCKHEED 
MISSILES & SPACE COMPANY 
A GROUP D IVIS ION O~ LOCKHEED AIRCRAFT CORPORATION 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria, California • Cape Canaveral, 
Florida• Huntsville, Alabama • Hawaii 

LOOK AT LOCKHEED IN DIGITAL TECHNIQUES: 
Basic research toward simpler, faster, more reliable computers 
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WITH{ 
± 0.01 % ± 1 MV absolute ACCURACY 

± 0.001 % REPEATABILITY 

10 MV RESOLUTION 

Based on the unique Voltron-Galman Operational Rectifier configuration 
(patent applied for), this instrument permits rapid, positive calibration of 
digital voltmeters, transducers, analog data channels, and related average· 
sensing equipments, at secondary-standard levels of accuracy, with 
COMPLETE CONFIDENCE. Rectifier non-linearities, harmonic effects, and fre· 
quency distortion are all rendered negligible by this exclusive new circuit. 
This device responds to TRUE-FULL-WAVE-RECTIFIED-AVERAGE VALUES - it does 
not employ peak-sensing or RMS-sensing. 

The Voltron·Galman circuit is as fundamental and as readily standardized 
for average values as the well-known Hermact:i thermal standard configura· 
tion is for RMS values. Performance levels are comparable. 

Model 12.583, shown above, generates 0·300 volts, in 10 MV steps, at low 
impedance, at discrete frequencies between 50 and 3000 cps; distortion 
<0.1%. An unsaturated standard cell is the primary reference. 

The Model 12.583 is COMPLETELY SELF-CONTAINED, including not only an 
ultra-stable oscillator, precision toroidal dividers, and operational rectifier, 
but also a standard cell, normalizing and standardizing networks, and a 
null-indicating galvanometer. No auxiliary equipment is required. 

+----­
VOLTRON 

I, 
PRODUCTS, INC. 

1020 So. Arroyo Parkway, Pasadena, California 
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We have prepared a com· 
plete technical exposition of 
the theory of opera'tion of 
this new circuit, including 
performance specifications. 
May we send you a copy? 

centimeters, minority carrier life­
times of crystals are more than 
1 msec for resfativities over 50 
ohm-cm. 

Dislocation densities are reported 
to be so low that they generally are 
reported as nondetectable with pres­
ently used measuring techniques. 

Seek Efficient Approach 

To Reliability Analysis 

TIME AND MONEY spent on rigorous 
testing procedures for component 
parts for advanced systems are fast 
becoming prohibitive. At the same 
time the consequences of system 
failure are becoming more intoler­
able. What is needed, according to 
Morton E. Goldberg, is a new ap­
proach to the reliability problem. 
An approach that does not treat the 
development of every new system as 
a separate reliability problem. 

Goldberg is manager of reliability 
and components at Armour. He 
heads a program for determining 
reliability through analysis of 
failure mechanisms. 

A number of investigators, in­
cluding several at Armour Research 
Foundation, have struck out a new 
path through a broad program 
initiated by the Rome Air Develop­
ment Center. General name given 
to the program is Physics of Fail­
ure. As its name implies, it is con­
cerned with establishing, through 
considerations of the laws of 
physics, the mechanisms which lead 
to failure. 

The ultimate hope of such an ap­
proach, according to Goldberg, is 
that mathematical models for com­
puter programming be developed 
for related types of components. 

New Glass for CRT's 
Glows in Electron Beam 

OWENS-ILLINOIS Glass Company re­
ports it has developed a luminescent 
silica glass that may eventually per­
mit fabrication of tv picture tubes 
without separate application of 
phosphors. 

Normally colorless, the glass be­
comes colored, but still transparent 
when exposed to electron beams. 
The company says they may be used 
in the near future for radarscopes, 
displays and computer readouts. 
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- -#!_~~ ,J£ ~ 
r 1:..-e r 
YOU PAY NO PREMIUM FOR 

RELIABILITY 

TRUE CONCENTRIC 
STRANDED WIRE CONSTRUCTION 

in your TEF LON®insulated wire components 
Teflon wire suppliers can deliver premium products 
With the ultimate in conductor reliability built into 
them at no added cost by supplying true concentric 
conductor. Experience shows that true concentric 
strand costs less to insulate than second class 
substitutes. 
And true concentric strand is the yardstick against 
which the performance of "all other 
constructions is measured. No re­
sponsible authority has ever ques­
tioned the stature of true concentric 
as the ultimate in quality and re· 
liability. 
To engineer products that will en· 
dure, specify the construction that 
has withstood the test of time ... 
specify True Concentric Strand. 

WRITE FOR FREE FACTUAL 
SURVEY REPORT ~ 
TRUE CONCENTRIC VS UNILAY STRANDED WIRE! 

~~~~~.,,,, I NT E R N AT I 0 N A L 
,.~ W~~E~~~~~~~~!~:~~~~~~ATION 
~. ...._ff ALL METALS - BARE ANO PLATF.D - STRANDED 

,...-~ -...._.s- ANO S INGLE END 

~7rtfoii.ti'\'>'" 300 GreenwoodAve.,Mi!lland Park, New Jersey 
Giibert 4·2151 
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Time after time 
engineers specify 

Johnson capacitors! 
Whatever the choice ... sub-miniature capacitors for 
printed circuit use-or large, heavy duty types . . . 
time and time again design and development engi­
neers specify Johnson Air Variables! 

More than 11 basic capacitor series are readily 
available in a wide selection of single section, dual 
section, butterfly and differential types. Units range 
in size from the diminutive sub-miniature Type " U" 
capacitors, requiring less than 0.2 square inch of 
mounting space, to large, rugged heavy duty "C" 
and "D" types. Standard stock capacitors in a wide 
range of plate spacings, capacity per section, break­
down ratings, and finishes will meet many military 
and commercial applications . . . specials to your 
specifications are also available in production quan­
tities. Complete information on all Johnson capaci­
tors and other electronic components is available on 
request-write for our newest components catalog 
today! 

~ J. ~.;. ~;.~ ~'~~ ~.~ ~ .~~.~!~.~,! 
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PRODUCTION TECHNIQUES 

Infrared Inspection Promises to 

Assure Production Reliability 

R & D work explores 
new in-line 
checking techniques 

EXPLORATORY work at Ray­
theon continues to uncover sig­
nificant applications of infrared 
techniques in production reliability 
control as well as in maintainabil­
ity of electronic eqrnipment. Early 
phases of work, basic techniques 
and equipment needed were dis­
cussed in the July 6, 1962 issue of 
ELECTRONICS (p. 72). Although 
work accompliished since then has 
been rather limited and in some 
areas has only scratched the sur­
face, the findings are definitely 
promising. Important initial devel­
opments have been made by Ray­
theon engineers at the Communica­
tions and Data Processing Opera­
tion in Norwood, Mass. under the 
direction of Riccardo Vanzetti. But 
it has become apparent that the 
scope of work in the following 
areas transcends possibility of a 
single company bringing them to 
compleition : 

• Recombina.tion reflection-en­
ergy liberated by current carriers 
in semiconductors 

• IR detecting and measuring 
equipment 

• IR microscopes 
• Advanced equipment needed to 

perform "close-distance" work 
• IR transmitting fibers to help 

detection of infrared emissions 
from componeni1:s that are hidden, 
inconveniently located, or ins,ide 
potted uni ts 

• New lines of semic<mductors 
with encapsulation transparent to 
recombination radiation 

• Welded or soldered connection 
tester. 

Though there is still a long way 
to go in perfooting infrared inspec-
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MI CROW A VE plumbing is production-tested with Barnes Engineering 
radiometer. Infrared instrument pinpoints areas of r-f loss which mani­
fest themselves as heat sources. This is one of numerous infrared manu­
facturing applications being investigated by Raytheon 

tion, work already accomplished in 
the following areas provides a solid 
basis for further efforts: 

•Checking components during 
manufacture 

• Checking components at the 
receiving~inspection level 

• Checking circuits and assem­
blies at in-process inspection level 

•Locating failure causes during 
production test and troubleshoot­
ing 

• Post-production maintainabil­
ity of equipment. 

MANUFACTURE CHECKING­
Thermal res.istance, heat flow Lines, 
inhomogeneties, etc. might go un­
detected by most conventional test 
equipment. However, when ex­
amined with infrared equipment, 
such factors produce tell-tale 
anmolies in infrared emission pat­
terns. 

For example, in graphs showing 
recorded pattern of a wire-wound 
resistor variation in d-c resistance 
caused by a nick in wire is indi­
cated by an abrupt pattern peaking 
caused by a localized increase in 
temperature. Poor welds between 
the wire and the terminal metal cap 
and winding irregularities would 
also show up as a local increase in 

temperature and infrared radia­
tion. 

RECEIVING INSPECTION­
Twenty power transfators (type 
JAN 2N174) will serve as a good 
example of the value of ir receiving 
inspection. These twenty tran­
sistors were meeting all the speci­
fications of electrical inspection. 
Consequently, all were rated as 
good. But, when energfaed, ir in­
spection showed that each of them 
had different initial infrared char­
acteristics as indicated in the curves 
recorded. 

Some of them had a fast initial 
rise in infrared emission but soon 
settled to a rather low final level. 
While others showing a slow initial 
rise, eventually attained a higher 
final level. But with one transistor, 
the curve is drastically higher than 
other curves. Obviously, some­
thing was probably wrong with a 
transistor showing such a high op­
erating temperature. 

This was borne out when all 
twenty transistors were left running 
in a life test at 0.6 of their rated 
power dissipation. After 1,000 
hours, this transistor was the first 
failure. 

A second failure did not occur 
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How General Dynamics/Electric Boat precision-cleans 
missile launching-tube components for Polaris subs! 

electronics • June 14, 1963 

PROBLEM: Pneumatic launching-tube sys· 
terns for the Polaris, involving miles of pipes, 
tees, valves, unions, etc., must be kept scrupu­
lously clean at all times, according to Electric 
Boat. In an environment of high air pressure, 
the most minute organic contaminants could 
support a dangerous explosion. The previous 
cleaner was rated only 83 to 88% effective in 
removing a known hydrocarbon contaminan t; 
also it had to be heated to 160°F. before use. 
SOL UTION: All launching system compo­
nents are now cleaned in an ultrasonic bath 
of FREON fluorocarbon solvent, both ini­
tially and during subsequent maintenance. 
FREON scores 100% every time on the hydro­
carbon contaminant test, and works perfectly 
at ambient temperature. 

Electric Boat continues, "Besides cleaning 
effectiveness, FREON has high purity, extreme­
ly low toxicity, nonftammability and ease of 
handling. Then, it's noncorrosive to metals 
and generally inert to plastics and elastomers­
so FREON is ideal for cleaning when many dif­
ferent materials of construction are involved. 
Also, Du Pont supplied us with plenty of re· 
search data, which saved us time because we 
didn't have to run extensive analyses ourselves." 

We'd be happy to show you how FREON 
can improve your own cleaning operation. 
First send the coupon or Reader Service Card 
for our new booklet on cleaning! 

FREON® 
solvents 

BETTER THINGS FOR BETTER LIVING ••• THROUGH CHEM ISTRY 

MAIL COUPON FOR NEW 
BOOKLET ON CLEANING 

E. I. du Pont de Nemours & Co. (Inc.) 
FREON Products Division 
N-2420 E-6. Wilmington 98 , Delaware 

Name. __________ Title. ____ _ 

Company ______________ ~ 

Address _______________ _ 

Please send new booklet on FREON solvents for 
precision cleaning. 
I am interested in cleanin,,__ ________ _ 

0 I would like Du Pont to send a cleaning specialist, 
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WE DON'T LIKE TO BRAG ... 
BUT WE'VE DONE IT AGAIN 

Two New, All Solid-State, Fully Programmable Digital 
Multimeters With Guaranteed Six-Month Stability 
EAi leadership in digital instrumentation 1s again demonstrated in the new Series 5002 
AC/DC DVM and Series 5003 AC/DC/OHMS Multimeter. All Solid-State, high speed, 
ultra-stable, automatic and programmable, these instruments provide the ultimate in 
performance, reliability and flexibility for automatic check-out systems, ground support 
equipment and laboratory instrumentation. 

Series 5002 AC/ DC Digital Voltmeter: 

\ Absolute Accuracy: (DC) ±0.01 % plus l digit 
(AC) ±0.06% plus l digit to 5 KC, 

±0. l % plus l digit to lOKC 
Stability: 6 months without recalibration 
Resolution: l 00 microvolts AC and DC 
Range: 0.0001 to 1199.9 volts in 4 ranges AC and DC 
Reading Time: (DC) l 0 ms without sign change 

(AC) 160 ms maximum 
Input Impedance: (DC) 10 megohms constant 

(AC) l megohm resistive 
Size: 8% inch by 19 inch RETMA panel Price $6250 

Series 5003 AC/ DC/ OHMS Digital Multimeter provides all features of the 
Series 5002 plus: 

OHMS Accuracy: ±0.05% plus 1 digit 
OHMS Range: 0.0001 K to l l 99.9K in 4 ranges $

6650 Reading Time: l 0 ms Price 

Write for details today. PRICES APPLY IN U.S.A. ONLY 

EA I .ELECTRO NIC ASSO CIATES, INC. L'"g Bmnch, Nw Jmry 
ADVANCED SYSTEMS ANALYSIS AND COMPUTATION SERVICES/ANALOG COMPUTERS/HYBRID ANALOG·DIGITAL COMPU. 
TATION EQUIPMENT/SIMULATION SYSTEMS/SCIENTIFIC AND LABORATORY INSTRUMENTS/INDUSTRIAL PROCESS CONTROL 
SYSTEMS/PHOTOGRAMMETRIC EQUIPMENT/ RANGE INSTRUMENTATION SYSTEMS/TEST AND CHECK·OUT SYSTEMS/MILITARY 
AND INDUSTRIAL RESEARCH AND DEVELOPMENT SERVICES/FIELD ENGINEERING AND EQUIPMENT MAINTENANCE SERVICES. 

64 CIRCLE 64 ON READER SERVICE CARD 

until after 2,000 hours. This time 
it appeared at first look rather 
surprising since its infrared char­
acteristic curve lies at the bottom 
of the individual curves. However, 
subsequent transistor examination 
indicated that it possessed very high 
thermal resistance. This would 
cause a large temperature gradient 
between the junction and the out­
side envelope of the transistor. 
Thus, while the envelope looks 
rather cool under infrared examina­
tion, the junction inside runs at 
much higher temperature because 
it doesn't have adequate heat-dis­
sipation capabilities. 

Hence, there is promise of being 
able to detect at least two types 
of trans.istor failure mechanisms. 
However, further work has to be 
done to determine degree of success 
in weeding out early failures in 
transistors and diodes and how well 
ir can help one to predict life ex­
pectancy. The other eighteen tran­
sistors are still running in the life 
test. So far no further failures have 
developed-after a full year of con­
tinuous operation. 

To further evaluate scope and 
capabilities of inspection system, 
Raytheon has recently started test­
ing much larger groups of tran­
sistors and diodes, hoping to dis­
cover the correlation laws between 
ir readings and life expectancy. 

IN-PROCESS INSPECTION-In­
frared techniques should allow one to 
identify in-process defects that are 
otherwise not only difficult to de­
tect but are also most often the 
causes for early system failures. 
Welded and soldered joints suffer 
their fair share of 'Such defects. 

Visual examination of these 
joints cannot disclose any faults 
hidden below the visible surface. 
Thus, poor spot welds and cold sol­
dered joints often go undetected. 
However, infrared examination of 
heat developed when adequate elec­
trical current flows through joints 
will tell whether area of fusion is 
large enough. 

Another in-process inspection 
area is the identification of semi­
conductors that have been damaged 
by heat of soldering. Presently, 
while there is information of a sta­
tistical nature for forecasting fail­
ures, noth ing exists to locate dam­
aged components prior to actual 
operational failure. 
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The implementation of infrared 
location techniques in this area calls 
for comparison of infrared radia­
tion levels from semiconductors in 
their energized circuits, before and 
after soldering. This can be done in 
at least two ways: 

• One way is to use semi-liquid 
solder paste that can be washed 
away for making temporary connec­
tions 

• The other (when working on 
printed circuit boards) is to use a 
counter-bottom plate with small 
cavities filled with mercury to pro­
vide temporary connections between 
wires and lands. 

Using these approaches, infrared 
recordings before soldering can be 
compared with those after solder­
ing to point out components whose 
parameters have deteriorated. 

ASSEMBLY CHECKS-When in­
dividual circuits are assembled into 
systems, the nature of resulting cir­
cuitry can bring out component de­
fects not noticed during unit elec­
trical tests. Frequently, no easy 
electrical measures will reveal con­
ditions that are conspicuously indi­
cated in infrared recordings: 

One very interesting example 
involved detection of an over­
stressed transistor that would have 
caused an early failure. Transistor 
operated in a building block having 
three identical inverter circuits. 
After having passed all electrical 
specifications tests, the energized 
panel was scanned by an ir detector. 
Examination of resulting ir profile 
showed that transistor in center 
circuit had a much higher infrared 
emission than expected indicating 
an undesirably high power dissipa­
tion level. 

TROUBLE SHOOTING-In pro­
duction check-out of assemblies and 
subassemblies, an infrared profile 
obtained by scanning the energized 
units can be used to locate failure 
sources and their nature. Detection 
is based on the fact that every op­
erating condition of an electronic 
assembly has a typical profile that 
could be called its "fingerprint" 
since it is unique in shape and con­
figuration . 

A graph illustrates such a normal 
pattern by means of solid blocks in­
dicating "proper" infrared emis­
sion. Improper circuit functioning 
is shown by jagged lines related to 
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THIS IS THE DVM 
THAT REVOLUTIONIZED 

DIGITAL INSTRUMENTATION 
Introduced in 1961, the all solid-stale; automatic ranging Series 5001 has in the past 
two years become accepted as the standard for laboratory and digital systems instru­
mentation. 0 Keystone of the EAi line of all solid-state digital voltmeter instruments, 
the Series 5001 is priced at only $3,950 and features: 

±.01 % + 1 digit absolute accuracy 
100 microvolt resolution 
4 ranges to 1199.9 volts de. 
200 readings/second 
guaranteed 6 months stability 
all solid-state reliability 
completely automatic and programmable 
complete system flexibility 

Companion instruments to the 5001 also feature 6 months stability, all solid-state 
reliability and complete system flexibility. They include: 

AC/DC and AC/DC/OHMS digital multimeters 
Digital volt-ohmmeters 
AC-DC Converters 
Input Scanners 
Output printers and serializers 
Remote display units 

Write for details today,, PRICES APPLY IN U.S.A. ONLY 

EA I ELECTRONIC ASSOCIATES, INC. LJmg B,a.,h, N<w Jmry 

ADVANCED SYSTEMS ANALYSIS AND COMPUTATION SERVICES/ANALOG COMPUTERS/HYBRID ANALOG-DIGITAL COMPU­
TATION EQUIPMENT/SIMULATION SYSTEMS/SCIENTIFIC AND LABORATORY INSTRUMENTS/ INDUSTRIAL PROCESS CONTROL 
SYSTEMS/PHOTOGRAMMETRIC EQUIPMENT/ RANGE INSTRUMENTATION SYSTEMS/TEST AND CHECK-OUT SYSTEMS/MILITARY 
AND INDUSTRIAL RESEARCH AND DEVELOPMENT SERVICES/FIELD ENGINEERING AND EQUIPMENT MAINTENANCE SERVICES. 
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UTICA 
NEW 34-6 ELECTRONIC PLIER 

FOR LONG REACH AND SNAP CUT! 

(ACTUAL SI ZE) 

There 's nothing qu ite like it. 

Thin narrow nose and 6" handles 

make th is new Utica diagonal pliers 

ideal for inaccessible areas where 

long reach and snap cut are required. 

With Bauer coil spring ... Cushion grip 

. .. Polished heads and shoulders .. . 

Electronic induction hardened cutting edges 

. . . it 's just the t icket for tight squeeze 

jobs. And like all Utica tools, it's backed by 

Utica's famous full guarantee. Order by 

pa rt ~ umber 34-6. Call you r Utica distri bu ­

tor or write for full information. 

Tools the experts use! 

UTICA DROP FORGE & HERBRAND TOOL DIVISION • KELSEY-HAYES CO. 
ORANGEBURG, SOUTH CAROLINA 
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accompanying abnormal infrared 
emission. It often happens that in­
frared emissiion of almost every 
component has changes because the 
fa ilure source is located at the front 
end of system t h us altering per­
formance of subsequent components 
in signal-flow path. 

The fact that every type of fail­
ure has its own typical "finger­
print" should be extremely useful 
in an automated test and trouble 
shooting operation: The standard 
profile that units are supposed to 
meet is put into a memory along 
with all the infrared profiles of 
every possible failure. Coincidence 
comparison is made of "live" profile 
with standard and failure profiles 
to determine acceptance or failure 
classification indicating required 
corrective work. 

25-Ton Press Features 
Large Mold Area 

DESIGNED especially for encapsula­
tion molding of resistors, capaci­
tors, diodes, and similar electronic 
and electrical components, using 
epoxy or silicone resins requiring 
low to moderate pressures, a new 
25-ton semi-automatic compres­
sion/ transfer molding press has a 
relatively large platen area for a 
press of this tonnage. It was devel­
oped by F. J. Stokes Corporation, 
Philadelphia. 

Mold area. is 18 by 19 inches to 
allow a considerable number of 
pieces to be molded in a single shot. 
Multiple-cavity molds for as many 
as 120 capacitors can be accommo­
dated. 

A fixed lower platen makes it 
suited for automatic loading of 
work-holding fixtures. Height of 
platen above floor-level is 38 inches 
so that platform for the operator is 
not needed . 

Standard configuration of the 
press (Model 735) utilizes top 
clamp and bottom transfer and ejec­
tion-an arrangement which re­
duces cycle-time. However, the 
press can be built to provide bottom 
clamping and top transfer if de­
s ired to accommodate existing tool­
ing. 

Separate hydraulic circuits for 
t he clamping and transfer rams are 
provided, both fitted with pressure 
adjustments for rapid setup. Speed 
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of travel of the transfer ram can 
be regulated by a pressure-compen­
sated flow control valve, providing 
fast movement, initially, then slow­
ing to complete the transfer of ma­
terial. Low-pressure clamping pro­
tects the mold from damage as well 
as providing protection for the 
items being encapsulated. 

The mechanical ejection system 
is operated by the opening and clos­
ing motions of the clamping sys­
tem. Hydraulic ejection is available 
as an optional feature. 

The electrical control panel is 
mounted on one of the front tie­
rods. The base of the press is de­
signed with the hydraulic equip­
ment to its left, so that an electronic 
preheater can be positioned close 
alongside the press. An oil filter 
and double heat-exchanger are in­
cluded as standard equipment. Pro­
vision for electrically heating the 
mold, with pyrometer temperature 
controls, and a safety gate are op­
tional features. 

Verifies Linearity of 
Dial Indicators 

MICROMETER instrument weighs 
6 pounds and measures H by 6?! 
inches 

EASY-TO-USE instrument for verify­
ing linearity of dial indicators on 
dimension gaging fixtures is avail­
able from Sheffield Corp. Instru­
ment consists of an ultra-precise 
micrometer that is guaranteed to 
be accurate to within 10 millionths 
of an inch per inch. Operating over 
a measuring range of one inch, the 
instruments 4-inch barrel provides 
the IO-millionth/inch vernier-scale 
reading. As shown in photo, micro­
meter's rotating anvil is worked-in 
against cartridge of gaging fixture. 
Linear verification is made by com­
parison of reading obtained from 
gage and that on micrometer barrel. 
Rotating thimble on micrometer 
zeroes instrument in with indicat­
ting system of inspected gage. 
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How 
tocutyour 

handling time 
winding 

bobbin type 
coils 

The Leesona No. 115 Bachi Bob­
bin Winder reduces coil handling 
time to a minimum for a single­
head machine. All the operator 
has to do is load the bobbin on 
the arbor, close the tailstock, let 
the wire slip into the wire guide, 
and close the safety guard. 

The No. 115 automatically: 
• Starts 
• Runs smoothly and quietly to 

12,500 rpm 
• Stops at ± 2 turns 
• Re-indexes the wire guide 
• Resets counter 

Also available is the No. 115-B 
winder with bonding attachment 
to produce perfectly self-support­
ing coreless coils. 

For full details write Leesona 
Corporation, Warwick, R. I. Or 
call Leesona at 5700 W. Diversey 
Avenue, Chicago 39, TUxedo 
9-5735; 1500 Walnut St., Phila-
delphia 2, Kingsley • 
6-1720, or A. R. Camp-
man & Co., 1762 Ver-
non Ave., Los Angeles, 1 · 
AXminister 3-6265. 

23.3.27 
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NEW PRODUCTS 

Generator Simulates Megapulse Source 

Four-pulse trains can be 
manipulated for parallel, 

serial, or staircase output 

PULSE-TRAIN generator provides 
a versatile combination of four in­
dependent pulse sources, with out­
puts capable of being fed along 
separate lines, fed out serially, or 
superimposed, on common line. 
Spaced with 5 nanoseconds p-p 
separation the output-train simu­
lates a 200-Mc pulse source of 25 
volt amplitude. Individual pulses 
can be switched in or out, inverted, 
or combined to produce a single 

2.5 ns ri se-time pulse delivering 2 
amps into a 50 ohm load. The 
pulses can also be combined to 
produce a staircase waveform (top 
oscillogram) or simulate a 300 
megapulse source with reduced 

Linear Encoder Follows Absolute Motion 

NEW one-brush linear-motion en­
coder translates absolute pos i­
tional data with resolution of 1,-
000 counts in 11 inches and a one­
count accuracy. Life of the unit is 
in excess of 4 million brush passes, 
starting force on the single brush 
is about 1 gram, and the unit ac­
commodates a total count of 999 
using only six wires rather than 
the customary 12. Owing to the 
unit's use of storage flip-flops the 
commutator is not obliged to feed­
out continuous data but need only 
feed the flip-flops with change-of­
position information. 

Logic is binary coded decimal 
and the encoders come in 11 inch 

1 

1 

J 
68 

lengths; they are intended for use 
in a wide range of industrial ap­
plications involving linear motion, 
including plotting tables, machine 
tools, strip-chart recorders , and so 
forth. The manufacturer is Perkin 
Elmer Corporation, Norwalk, Con­
necticut. (302) 

L-Band Transformer 
Aids Radar Tracking 
MINIATURE transponder was devel­
oped for the Air Force as a radar 
tracking aid for supersonic tow tar­
gets. Feature of the transmitter 
output is the use of a swept fre­
quency pulse to insure that the sig­
nal is within the narrow bandpass 
of the search radar receiver when 
the radar is subject to frequency 
drift. Unit is also available in a va­
riety of receiver sensitivities, 
transmitter power outputs and cod­
ing modes for use as a "poor man's 
iff beacon" for drone targets and 
other small aircraft. Weight is 3.75 

i' ! I' 
~· v ; ·J 

pulse height as shown in the bot­
tom oscillogram. The generator 
manufacturer is Nanosecond Sys­
tems, Inc., 176 Linwood Avenue, 
Fairfield, Connecticut. 
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lb.; size, approximately 75 cu in. 
Aero Geo Astro Corp., 179 North 
Eglin Parkway, Fort Walton Beach, 
Fla. (303) 

Disk Store Accommodates 
7,680,000 Logic Bits 
ASSEMBLIES of up to six magnetic 
recording discs with diameter to 
48 inches (photo, p 70 ) and storage 
capacities exceeding H megabits 
are now available. The manufac­
turers claim long and trouble free 
operating life, plus built-in com­
pensation against shock, vibration 
and beyond-spec. temperatures ex­
ceeding 140F. 

Memory units operate in the 
speed range 3,600 to 6,000 rpm and 
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THE MOST WELL BALANCED STOCK 
OF MICRO· DRILLS IN THE U.S. A. 

SPHINX 

IN STOCK FOR IMMEDIATE DELIVERY 

TYPE STYLE STOCK SIZES 

Spirec Pivot Drills Right Hand O.lOmm to 3.00mm by O.Olmm increments 

Flat Pivot Drills Right Hand 0.04mm to l.OOmm by 0.0lmm increments 

Spirec Pivot Drills Left Hand O.lOmm to 1.00mm by O.Olmm increments 

Spirec Center Drills Right Hand O.lOmm to 0.70mm by 0.05mm increments 

Other sizes and styles available on special request. 

REDRAWN /GLASS TUBING I GLASS ROD 

F & 0 can supply you with pre­
cision drawn glass tubing and 
glass rod from .001" 0.0. 
through .150" 0.0. Over 43 
years experience in redrawing 
glass enables us to assure you 
of a reliable source for re­
drawn and cut tubing and rod. 
We maintain adequate stocks 
of glass tubing and rod redraw 
blanks from many glass form­
ulas to insure fast delivery. 
Our equipment features the 
latest design for precision cut­

•:·"·"·, ... ~'/(ll("' ' lll ting in lengths from .015" up­
wards. You will find , as many 
others have, that our quality is 
tops, our service fast and de­
pendable and our prices com­
petitive. 

CIRCLE 204 ON READER SERVICE CARD 
electronics • June 14, 1963 

Write us today 
for full 

particulars! 

SPHINX known the world over as 
the symbol of the fin est in micro-drills. Insist 
on them by name. Your best assurance of 
quality and precision. 

SEND FOR COMPLETE DRILL CIRCULAR 

[EVIN,® 
LOUIS LEVIN & SON, INC. 

3573 Hayden Ave., Dept. E • Culver City, California 
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At left: No, 105 - BSTI 
single position Button 
Stem and Wafer making 
machine-Fully automatic. 
Designed for ~mall pro­
duction runs on special 
tube parts or for labora­
tory use. Produces button 
stems up to 1 V4 " diameter. 
Machine can be supplied 
with up to 24 positions. 

Illustrated below: An ElsJe; 
precision Vertical Spot Weld­
er designed exclusively for 
welding of electronic compo­
nents. Available in sizes from 
1h to 71h KVA. 
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ANALYZE 
vibration 
efficiently 

with 

CEC's 1-117 
Vibration Meter 

and 

1-159 Variable 
Frequency 

Bandpass Filter 
Teamed, CEC's 1 -117 Vibration 

Meter and 1 -159 Variable Fre­
quency Bandpass Filter make on 

unbeatable vibration analyzer sys­
tem ... in field, lob, or production 
l ines. CEC's 1- 159 offers narrow­

band frequency selection from 
8-2500 cps. Lightweight, portable 

and all solid state, it is available 
for AC or DC operation. Dial 

accuracy? Within 13 of frequency 

reading. 

CEC's 1-117 meters vibration 
velocity and peak- to -peak dis­
placement at selected frequency. 
Features: 4 fnput channels; 4-stoge 
single channel amplifier stabilized 
for extreme reliability. More infor­
mation? Coll or write for Bulletins 
CEC 1117-X2ond 1159-XS. 

CEC 
Transducer Division 

CONSOLIDATED ELECTRODYNAMICS 
A Subsidiary of Bell & Howell • Pasadena, Calif. 
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are grease-lubricated for a 10-year 
life. The larger-sized discs store in­
formation on both sides, with pack­
ing density to 400-bits/ inch using 
phase modulation recording tech­
niques. Head inductances lie in the 
25-150 microhenries region while 
write current is around 40-100 mil­
liamps. Readout voltage under most 
conditions is about 50 millivolts, 
read and write heads are air-sup­
ported for maximum effectiveness. 

Besides these high capacity mag­
netic discs, the manufacturer, In­
formation Systems Group, General 
Precision Systems, Glendale 1, 
California, make large capacity 
magnetic drum stores with over­
all performance similar to the disc 
stores. 
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Photovoltaic Detector 
In Miniature Design 
PHOTOVOLTAIC transducer model 
SA-120 is a photovoltaic generator 
in a miniature probe configuration. 
It has a built in miniature, short 
time constant selenium photovoltaic 
cell constructed in a rugged well 
shielded socket base protected by a 
threaded lens holder in the front. 
The d-c output voltage and the small 
superimposed a-c voltage of the 
photovoltaic transducer (while a-c 
light source is used) is proportional 
to the illumination intensity and 
frequency (below saturation level). 
Model SA-120 may be used in de­
tecting and pinpointing the source 

The Choice of the Discriminating 
Communication Engineer .. . the 
Man who Never Settles for Anything 
Less than THE·VERY-BEST! 

~"BEAMED-POWER" 
ANTENNAS and ANTENNA SYSTEMS 

Provide op timum p e rforma n ce a nd 
reliability p er e l e m e nt, pe r d o ll ar. 
Antennas from 500 K c to 1500 Mc. 
Free PL88 condens ed data and p r icing 
catalog, describes military and com­
merc ial antennas, system s, accessories, 
Towers , Mas ts, Rotators , "Ba luns" 

a nd tra n smiss ion line da ta. 

LA BORATORIES 
Asbury Park 41, New Jersey, U.S.A. 
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~ ~~§.~!~~l~~f high quality 

ii close tolerance molded screws and hex 
nuts include screws in standard com­
mercial heads-Phillips or slotted types 
-in sizes from # 4 thru 1/.c"; hex nuts 

LAT... in ten sizes (#2 thru 5/ 16") GRC 
'"t'ttsH1Mc;$' molded miniature machine screws­

ha lf the weight of aluminum-in sizes 
as small as #0 make more compact 
designs possible. GRC's single cavity 
molding technique adds exceptional 
uniformity, accuracy, economy to Ny-

r'81H Ion's & Oelrin's high strength-to­
weight ratio, built-in electrical insulat­
ing qualities, stabi lity, resilience and 
elastici t'!,. G RC's mold ed fasteners are 
a vai labre from stock in a wide range 
of types, sizes and lengths . 

World' s Fornntost Pr oducer of Sma l l D !e Cast ings 
151 Beechwood Ave. • New Rochelle , N. Y. 
Phone: (914) NEw Rochelle 3·8600 
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of low level modulated or unmodu­
lated light in fluctuating pulse, or 
continuous form. Don Bosco Elec­
tronics, Inc., 16 Lit tell Road, H an­
over, N. J. (305) 

Mixer-Amplifiers 
Aid System Designer 
NEW waveguide mixer-amplifier, 
type 135, solves t he problem of 
matching the mixer and amplifier 
stages for the system design engi­
neer. He is no longer reliant upon 
several sources of supply to ensure 
proper system operation. From r-f 
input to i-f output, the type 135 
provides results that are predict­
able, specified, and guaranteed. 
Type 135 units use standard type 
134 hybrid preamplifiers, and com­
bination amplifiers, which have 
been designed and tested to meet 
t he most demanding requirements. 
Units were tested to comply with 
the environmental requirements of 
MIL-E-5400E, Class 1 temperature 
and Ourve IV vjbration. The mix­
ers are integrated with solid-state 
low-noise preamplifiers providing 
30 or 60-Mc output. Airborne In­
st r uments Laboratory, Deer P ark, 
L. 1., N. Y. (306) 

Magnetic Reed Relays 
Feature Long Life 
DESIGNED for direct p-c boaru 
mounting, t hese magnetic reed re­
lays f eature contact ratings of 4 w, 
0.125 amp, 250 v, from 1-12 con­
tacts, in standard 6, 12, or 24 v coils. 
In addition to standard form A 
(spst) normally open contacts, com­
binations of form A and for m B 
normally closed contacts are also 
available as are contact ratings up 
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"NAVCOR, OR EQUAL" 

Why not specify the most' carefully crafted digital systems 
modules made? All the printed circuitry of Navcor 400 Series 
modules is gold-plated. Every joint is precision soldered by hand. 
Each module is designed to 'worst case' tolerances, quality con­
trolled in manufacture to meet highest MIL Standards. And each 
Series 400 is a system function module with unmatched packing 
density. Write for complete data. 

Transistorized Digital System Function Modules 

VALLEY FORGE INDUSTRIAL PARK 

930 RITTENHOUSE ROAD , NORRISTOWN , PA.• GL 2·6531 
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Attention Module Makers! 

INCREASE 
WELD CONSISTENCY, 

RELIABILITY 

THIS NEW 
WELDMATIC 1065 
DUAL PULSE 
POWER SUPPLY 

Want more Facts? Write Weldmatic Division/ 
Unitek, 950 Royal Oaks Drive, Monrovia, Cali­
fornia. Request Bulletin PB·26. 

Has Two Optimum Pulse Shapes 
Long-for high conductivity metals like 

Tinned Copper 

Normal-for high resistivity metal like 
Kovar, Dumet 

FOR SUPERIOR QUALITY CONTROL­

Precise pulse of heat energy is accurately matched 
to metal's weld characteristics. Hence, a wider lati­
tude of weld reliability on every joint you weld. 

Each pulse has an ultra high stability. It is exactly 
repeatable, weld after weld. 

Energy pulse generated by two separate circuits. 
Optimum shape of each pulse based on 18 months 
of intensive field research. 

Dual range (20/lOOWS) power supply is further 
matched to follow up characteristics of Weldmatic 
1032 head promoting even greater we Id accuracy. 

WELDMATIC DIVISION I UNITEK 
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to 10 w, 0.5 amp. Must-operate volt­
age is approximately 82 percent of 
nominal coil voltage at 25 C. Oper­
ate time is less than 0.8 millisec 
for single contact unit, not includ­
ing bounce, when coil is energized 
at nominal voltage. Minimum life 
expectancy is 110 million operaitions 
at max rating. Prices start from 
$3.60 in 6 v, 1 form A to $20.80 in 
24 v, 12 form A. Wintronics, Inc., 
1132 S. Prairie Ave., Hawthorne, 
Calif. 
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Hall Effect Modulator 
For Accurate Chopping 
HALL EFFECT microvolt modulator, 
type RMY-11, functions as a solid­
state chopper to convert small d-c 
or low frequency signals into a-c 
for amplification with minimum 
noise. The Hall effect element pro­
vides contactless, nonmechanical op­
eration and preservation of the 
chopping signal waveform through­
out its frequency range. The mod­
ulator's high output, low noise and 
small ohmic zero components suit it 
to such applications as: sensitive 
measurement amplifiers, servomech­
anism systems, low level modula­
tion, frequency conversion, compu­
tation and small signal multiplica­
tion. Instrument Systems Corp., 
111 Cantiague Road, Westbury, 
N. Y. (308) 

Signal Generator 
Spans 170 to 940 Mc 
NOW AVAILABLE is a uhf standard 
signal generator, type SDAF, which 
has a frequency range of 170 to 940 
Mc in 9 sub-ranges. It is designed 
for use in conjunction with a-m, 
f-m and video equipment. Its out­
put, continuously variable from 1 
µ,v to 0.5 v, may be either amplitude 
or frequency modulated, or both si­
multaneously. An internally sup­
plied modulation frequency of 1,000 
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cps is provided for a-m and f-m, or 
an external source may be used. Ex­
ternal video modulation from 3 cps 
t o 6.5 Mc is also possible. Type 
SDAF has a vswr of less than 1.1 
at 50 ohms output impedance, and 
less than 1.15 at 75 ohms. Rohde 
& Schwarz, 111 Lexington Ave., 
Passaic, N. J. (309) 

Tantalum Capacitors 
Feature Small Size 
TYPE DPSD epoxy dipped, solid 
electrolyte, tantalum capacitors of­
fer a subs.tantial reduotion in size 
over conventional type CS-12's and 
CS-13's of Mil 26655/ 2A, and are 
lower in cost. Their design suits 
them for printed circuit applica­
tions. They are also avaliable with 
axial leads for conventional applica­
tions (all leads are weldable). Ca­
pacitance is 0.0047 µ,f to 330 µ,f . 

GLP Electronics, Inc., 350 River­
side Ave., Bristol, Conn. (310) 

Tunable Magnetron 
Weighs Only 22 Ounces 
MODEL BLM-104 is a 5 Kw tunable 
magnetron weighing only 22 oz. It 
is designed for Ku band beacon ap­
plications in airborne and missile 
environments, and for altimeters, 
and may be used in portable ground 
equipment where minimum weight 
and maximum efficiency are impor­
tant. Tunable frequency is 15.8 to 
16.2 Ge, peak power output (min ), 
5 Kw; peak anode voltage (max), 
6.8 Kv; peak anode current (nom.), 
3.75 amp. Varian Associates, Salem 
Road, Beverly, Mass. (311) 
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ON THE SHELF-­
ARNOLD CORES 
IN WAREHOUSE STOCK 
FOR IMMEDIATE DELIVERY 

Let us handle your inventory problems 
and save you time and money on your 
magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu· 
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re­
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from, 
the other. 

Arnold core products covered 
by this warehouse stock program 

include: 1) Silectron C, E and 0 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo~Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging. 
down to 0.260" diameter. 4) Iron 
powder toroids, threaded cores. 
and insert cores. 

All four products are available i 
in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quanti­
ties. • Stock lists and technical ma­
terial are available-write for data. 

ADDRESS DEPT. E-6 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL, 
BRANCH OfflCfS and R~RfSENTATIVfS in PRINCIPAL CITIES 

2900 fUA 
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Great news in metal-to-plastic 
electrical laminates 

Bend it 
Stack it 
Twist it 
Roll it 
Flex it 
Test it! 

:..,..,,,...,.~ ~T ~-

, --- ~ -- ~ 

: : -~- . . ~~--~ 
' - ·~,..,h,_ --- --

Replace expensive hand wiring with low-cost . continuous 
processing of Schjel-Clad*. 
This unique combination of flexibility and dimensional stability in 
Schjeldahl's metal-to-plastic electrical laminate, Schjel-Clad, can really 
cut costs. It permits reliable, continuous in-line processing to produce flexi­
ble wiring harnesses, computer memories and other flexible printed wiring. 

Schjel-Clad is available in a variety of materials: Copper, Aluminum 
or Nickel bonded to Polypropylene, Mylart or Teflont. Each laminate is 
available in a wide variety of thicknesses and widths. Write or call for 
data sheets and samples in the sizes you need. Phone: Area Code 507, 
NI 5-5635. 

•G. T. Schjeldahl Co., T.M. Reg. U.S. Pat. Off. tduPont trademar~s for its polyester film ; fluorocarbon resins 
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Putting Materials Together Through Chemistry and Mechanical Design 
PRODUCTS 

@ G.T. Schjeldahl Co. 
SERVICES 

SAY "SHELL-DOLL" • NORTHFIELD, MINNESOTA 
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Literature of 
the Week 

WIREWOUND RESISTORS Ohmi te Mfg. 
Co., 3664 Howard St., Skokie, Ill . 
Molded vitreous enamel insulation 
on wirewound, axial-lead resistors 
is described in bulletin 103. 
CIRCLE 312, READER SERVICE CARD 

POWER MODULES Electronic Research 
Associates, Inc .. 67 Factory Place , 
Cedar Grove, N. J., has published a 
catalog supplement covering its 
Transpac line of solid state power 
modules. (313) 

PUSHBUTTON SWITCHES Chi cago Dy­
namic Industries, Inc., 1725 Diver­
sey Blvd., Chicago 14, Ill. , has avail­
able catalog pages on digital and 
binary pushbutton switches. (314) 

FAST SWITCH RECTIFIERS Hughes Semi­
conductor Division, 500 Superior 
Ave., Newport Beach, Calif., has 
available data sheets for 40 EIA 
approved Golden Line fast switch 
rectifiers. (315) 

TELEMETRY TRA NSM ITTERS Advan ced 
Electronics Corp., 2 Commercial 
St., Hi cksville, L . I ., N. Y., offers 
catalog 290 PC, a two-color brochure 
on airborne vhf/f-m 2-w telemetry 
transmitters. (316) 

ROTARY POTENTIOMETERS W eston-In -
struments & Electronics Division, 
614 Frelinghuysen Ave., Newark 14, 
N. J. Technical data sheet covers 
the Daystrom 314 series suhminia­
ture rotar y potentiometer!'. (317) 

TROPO DATA Radio Engineering Labo­
r atories, Inc., 29-01 Borden Ave., 
Long Island City 1, N. Y., has re­
lea sed a set of technical data sheets 
on tropospheric scatter radio equip­
ment. (318) 

SWITCH MODULES North Atlantic In­
du stri es, Inc., Terminal Drive, 
Plainview, N. Y. Two-page bulletin 
describes a series of sealed thumb­
wheel switch assemblies. (319) 

c-c TV Cohu Electronics, Inc., Kin Tel 
Division , 5725 Kearny Villa Road, 
San Diego 12, Calif. U se of closed­
circuit tv in the development of 
solid-propellant rockets is described 
in application bulletin 8-35. (320) 

SILICON READOUT CEL'LS Solar Systems 
Inc., Skokie, Ill. Advantages of 
usin g silicon photovoltaic readout 
cells in tape readers, punch card 
systems and control applications 
are described in brochure 63A. (321) 

LINEAR MOTION POTS Computer Instru­
ments Corp., 92 Madison Ave .. 
Hempstead, N . Y., has issued a 16-
page linear motion potentiometer 
catalog. (322) 

SYSTEMS CATALOG Navigation Com­
puter Corp., Valley Forge Industrial 
Park, Norristown, Pa. Six examples 
of complex, custom developed sys­
tems are described in a new bro­
chure. (323) 

VARIABLE RESISTOR CTS of Berne, Inc., 
Berne, Ind. Advance data sheet 
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8050 covers CeraTrols series 385 
11/ 32 in. diameter Cermet variable 
resistor. (324) 

SOLID TANTALUM CAPACITORS Sprague 
Electric Co., Marshall St., Nor th 
Adams, Mass. Engineering bulletin 
No. 3530 describes molded cylindri­
cal solid tantalum capacitors that 
are available in the same case sizes 
as § and ; w composition resistors. 
Request on company letterhead. 

VARIABLE TRANSFORMERS The Superior 
Electric Co., Bristol, Conn. Catalog 
P363G covers a line of 50/ 60 cycle 
Powerstat variable transformers in 
ratings from 0.13 to 374 Kva. (325) 

CHART PAPER Brush Instruments divi­
sion of Clevite Corp., 37th and Per­
kins, Cleveland 14, 0. Brochure 
2951A describes a line of chart 
paper engineered for all types of 
direct writing recorders. (326) 

SENSITIVE RELAYS Hi-G Inc., Spring 
St. & Route 75, Windsor Locks, 
Conn., announces a complete cata­
log on its entire line of sensitive 
relays. (327) 

OSCILLOSCOPE CATALOG Analab Instru­
ment Corp., Cedar Grove, N. J. 
Short form catalog AN-C-501, "Pre­
cision Oscilloscopes and Scope-Re­
cording Camera Systems", is now 
available. (328) 

WRITE-READ CIRCUIT MODULE Deltime 
Inc., 60B Fayette Ave., Mamar­
oneck, N. Y. Data sheet DT-2 de­
scribes the RZ-1 digital write-read 
circuit module for magnetostrictive 
delay lines. (329) 

WAVEGUIDE WINDOWS Sylvania Elec­
tric Products Inc., 1100 Main St., 
Buffalo 9, N. Y., offers a data sheet 
that summarizes the Microwave De­
vice division's capabilities in flange­
mounted mica and solderable Kovar 
glass waveguide windows. (330) 

SILICONES Union Carbide Corp., 224 
Market St., Newark 2, N. J., has 
available a new quarterly publica­
tion, Silicology, on silicones and 
silicone chemistry. (331) 

DATA PROCESSING SYSTEM Honeywell 
Electronic Data Processing, 60 Wal­
nut St., Wellesley Hills SL Mass. 
A 20-page brochure describes major 
features of the 1800-II data proc­
essing system. (332) 

CONTROL SERVO-DAMPING DEVICES Ver­
nitron Corp., 52 Gazza Blvd., Farm­
ingdale, N. Y. Brochure contains 
engineering data and specifications 
on a new line of control servo. 
damping devices. (333) 

VOLTAGE BREAKDOWN TESTER Microdot 
Inc., 220 Pasadena Ave., S. Pasa­
dena, Calif. Data sheet describes 
model 1901A voltage breakdown 
tester. (334) 

PRECISION INSTRUMENTS James G. Bid­
dle Co., Township Line & Jolly 
Roads, Plymouth Meeting, Pa. Bul­
letin 60-63 details and illustrates a 
line of bridges, potentiometers, re­
sistance standards and related 
equipment. (335) 
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Tired of the "Madison Avenue Pitch" on micro­
circuitry? .... Take a look at practical logic 
modules. 

The INTELLUX approach is rec;ilistic-it's here 
today-in any volume (2, 3, 4 or 5,000 per week 
if you want)-and best of all their use can put 
profit back in your computer-sales. 

Drop us a card for the complete story, but here 
are the brief facts: 

Available immediately ... Flip Flops, Double NOR 
Gates, Gate Buffers and Free-running Multivibrators. 

They can be mounted physically adjacent to each 
other ..• and still be interconnected. 

Standard semiconductors are married to thin film 
passive components. 

Stability of resistors guaranteed to 30,000 hours. 

Outperforms descrete component modules •.. and 
on a par with the most sophisticated microcircuits. 

So rugged in construction they need no special 
handling-just treat them like any ordinary radio 
component. 

Unquestioned economic and reliability advantages. 
For complete data and 

specifications write: 

P.O. Box 929, Santa Barbara, Calif. 
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PEOPLE AND PLANTS 

Hughes Fills Three Management Posts 

76 

F. J. Alterman 

A. E. Abel 

L . C. Myers 

HUGHES AIRCRAFT Company's 
ground systems group, Fullerton, 
Calif., announces three appoint­
ments to management posts. 

Francis J. Alterman has been 
named manager of the computer di­
vision. He was formerly president 
of Advanced Scientific Instru­
ments, Inc. 

The computer division is en­
gaged in the development of . high 
speed, general purpose, real-time 
computer systems for military and 
commercial application. 

Adam E. Abel has been ap­
pointed man•ag,er of the communi­
cations division. Before joining 
Hughes, he was general manager 
of the radio division of Bendix 
Corp. 

The communications division is 
engaged in the development and 
manufacture of advanced commu­
nications systems and components, 
including air-to-ground and point­
to-point radio, signal processors for 
high - speed data transmission, 
ground terminals for space commu­
nications, and laser communica­
tions. 

Lear Siegler Reports Building Plans 

\ . 

PLANS FOR CONSTRUCTION of a $1.8-million, 100,000-square-foot 
building on the 65-acre L ear Siegler A erospace Complex, in Grand Rapids, 
Mich., have been announced by Jos eph M. Walsh, president of the Instru­
ment division. The new administration building is in addition to the 
270,000-square-foot manufacturing facility completed in 1959 and the 
80,000-square-foot Aerospace Development Center dedicated in Decembe;· 
1962. Construction will begin this summer with completion scheduled for 
June,1964 

Lloyd C. Myers moves from man­
ager of materiel department to 
manager of the engineering fabri­
cation and procurement depart­
ment. 

This department maintains the 
fab1iication, assembly and planning 
capabilities in support of the engi­
neering divisions and incorporates 
the additional support functions of 
purchaiS1ing, qua 1 it y assurance, 
finance, material control, receiving 
and S1tores under a single line re­
sponsiibility. 

Mallory Capacitor 
Appoints Etter 

WAYNE ETTER has been named presi­
dent and general manager of Mal­
lory Capacitor Co., a division of 
P. R. Mallory & Co., Inc., Indian­
apolis, Ind. 

Prior to this appointment, Etter 
was president of the Mallory Tim­
ers Co., another major Mallory di­
vision. 

Mallory Capacitor Company 
manufactures a complete line of 
aluminum and tantalum as well as 
a-c dielectric capacitors. Plants are 
located in Huntsville, Ala., and 
Crawfordsville, Greencastle, and 
Indianapolis, Ind. Etter will direct 
all operations from company head­
quarters in Indianapolis. 

General Technology 
Elects Heilman 

LEONARD J. HEILMAN has been 
elected president of General Tech­
nology Corp., Torrance, Calif. He 
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Are you a 
COMPLETELY INFORMED 
electronics engineer? 

Today you may be working 
in microwaves. But on what 
project will you be working 
tomorrow? You could have 
read electronics this past 
year and kept abreast of, say, 
microwave technology. There 
were 96 individual micro­
wave articles between July, 
1961 and June, 1962! 

But suppose tomorrow you 
work in some area of stand­
ard electronic components, in 
semiconductors, in systems? 
Would you be up-to-date in 
these technologies? Did you 
read the more than 3,000 edi­
torial pages that electronics' 
28-man editorial staff pre­
pared last year? 

electronics is edited to keep 
you current wherever you 
work in the industry, what­
ever your job function ( s) . If 
you do not have your own 
copy of electronics. subscribe 
today via the Reader Service 
Card in this issue. Only 7112 
cents a copy at the 3 year rate. 

electronics 
electronics • June 14, 1963 

NEMS-CLARKE Beats The Stork 
With 1037A Receiver 

FIRST with optimized nuvistor/transistor design. 
FIRST with improved basic reliability and space reduction. 
FIRST with completely modularized construction. 
FIRST with all front panel plug-in modules. 
FIRST with integral plug-in spectrum display unit. 

Now in production for fast delivery, the new 1037A receiver is specifically 
tailored for universal telemetry and surveillance applications where high­
est reliability, minimum power consumption and space economy are in 
greatest demand. 

For further information write: 
Vitro Electronics, 919 Jesup-Blair Drive, 
Silver Spring, Maryla nd 
Phone: Area Code 30 I JU 5-1000 
A Division of Vitro Corporation of America 

-.t/irii ELECTRON/OS 

Specifications: 

1. Nine plug-in RF modul·es: 55-2350 me 

2. IF bandwidth s: 12.5, 25, 50, 100, 300, 500, 
750, 1000, 1500, 2400 kc 

3. Video output: High level FM; 1 cps to 
2.0 me ± 3 db 
Low level FM; de to 250 kc ± 3 db 
Low level AM; de to 250 kc ± 3 db 

4. Power consumption: 50 wo1ts, 117 / 235 v 
± 10 percent, 50 to 450 cps 

5. AFC: Standard for oil RF heads 

6. Optional Spectrum Display Unit : solid state 
plug-in with crystal controlled marker pips 
and 10 kc resolution 

7. Size: 7" x 19" x 17" 
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BIG OUTPUT. 
SMALL SIZE. 
ONLY $580°0 

Winds Small Precision 
Instrument-Type and 
Mioiaturized Coils 

I I 

• Predetermining Automatic Counter-Instant Resetting 
• Automatic Magnetic Brake-Instant, Positive Stopping 
• Maintenance-Free Operation 
• Compact Winding Head 

(4-1/2" x 3-1/2" x 1-1/2") 

The most complete line of coil winding equipment made 
GEO. STEVENS MFG. CO., INC. 

Pulaski Road at Peterson, Chicago 46, Ill. 

MODEL 6083-wideband, AC amplifier solves system amplification problems with one 
instrument. Provides 300 megohms input impedance-won't load down the source. 
Drives long output lines. Excellent signal-to-noise ratio. Input filter eliminates 
high-voltage peaks resulting from high "Q" piezoelectric transducers. 

Voltage gain: 1.0 through 30.0 in 4 steps, continuously Input filter: low-pass, 12 db/ octave. Customer can 
variable between steps. specify cutoff frequency. 
Wide Bandwidth: + 3 db at 0.6 cps and 200,000 cps Output Capability: 20 volts peak to peak into 0.05 mid 
(without filter). - capacitive load from 1 cps to 25,000 cps. 
Noise: 30 microvolts rms or less, with shorted input. 

Instrument is compatible with many other Dynamics amplifiers and signal condi­
tioners for use in standard 6-channel, rack mounting module. Write for literature 
on Model 6083, or on the entire line. 

D~TAMJCS INSTRUMENTATION COMPANY 
'.I. .1 "'I. 583 Monterey Pass Rd., Monterey Park, Calif.-Phone: CUmberland 3-7773 
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participated in the formation of 
GTC and for the past year was vice 
president and general manager. 

General Technology Corp. is en­
gaged in the development of ad­
vanced space simulation test facili­
ties, electronic frequency control 
instrumentation and plasma pro­
pulsion research. 

IMC Magnetics 
Promotes Morreale 

ANTHONY MORREALE has been pro­
moted to a vice presidency of IMC 
Magnetics Corporation's Western 
division, at Maywood, Calif. He was 
formerly manager of the divi sion's 
rotating components section. 

The Western division manufac­
tures solenoids, synchros, servos 
and pulse-driven step-servo motors 
and systems for a variety of elec­
tronics and aerospace applications. 

Corporate headquarters of IMC 
Magnetics is in Westbury, N. Y. 

Harr Moves Up at 
Teleregister 

LUTHER A. HARR, JR., has been 
named executive vice president, 
The Teleregister Corp., Stamford, 
Conn. He has been assistant to the 
chairman since January. 

Harr had previously been direc­
tor of Univac operations for 
Europe, Africa and the Middle 
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EMPLOYMENT OPPORTUNITIES 

The advertisements in this section include 
all employment opportunities-executive, 
management, technical, selling, office, 
skilled, manual, etc. 
Look in the forward section of the magazine for 
additional Employment Opportunities advertising. 

- RATES -

DISPLAYED: The advertising rate 
is $40.17 per inch for all adver­
tising appearing on other than a 
contract basis. Contract rates 
quoted on request. 

An advertising inch is measured ~" 
vertically on a column-3 col­
umns-30 inches to a page. 

Subject to Agency Commission. 

UNDISPLAYED: $2.70 per line, 
minimum 3 lines. To figure ad­
vance payment count 5 average 
words as a line. 

Box numbers-count as 1 line. 

Discount of 10% if full payment is 
made in advance for 4 consecu­
tive insertions. 

Not subject to Agency Commission. 

INSTRUMENT TECHNICIANS 
THE OAK RIDGE NATIONAL LABORATORY 

Operated by 
UNION CARBIDE NUCLEAR COMPANY 

at 
Oak Ridge, Tennessee 
HAS OPENINGS FOR 

highly skilled instrument technicians to work with 
engineers in the installation and maintenance of 
process control and electronic instrumentation 
for nuclear reactors and associated experiments. 
Nuclear reactor control system experience deslr· 
able but not essential. 
Minimum high school education, with additional 
training in either the physical sciences, lnstru. 
mentation, or electronics. and at least 3 years 
experience in installation and maintenance of com. 
plex instrumentation and control systems. Entrance 
rate $3.19 per hour: $3.25 per hour after six 
months. Reasonable Interview and relocation ex. 
penses paid by the Company. 

Excellent Working Conditions 
and 

Employee Benefit Plans 
An Equal Opportunity Employer 

Send detailed resume to : 
Central Emplayment Office 

UNION CARBIDE NUCLEAR COMPANY 
A Division of Union Carbide Corporation 

Post Office Box M Oak Ridge, Tennessee 

E. E.'s 
for FEE-PAID Posltlona 

WRITE US FIRST! 
Use our confidential application 
tor professional, individualized 
service •.. a complete national 
technical employment agency. 
ATOMIC PERSONNEL, INC. 
Sult• 1207L, 1518 Walnut Sl, Phlla. 2. Pa. 

ADDITIONAL 

EMPLOYMENT OPPORTUNITY 

ADVERTISEMENT 

on page 81 
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East for Sperry Rand Interna­
tional Corp., Lausanne, Switzer­
land. 

Kollsman Motor 
Names Cohen 

STANLEY COHEN, former chief en­
gineer of Kollsman Motor Corp., 
Dublin, Pa., has moved up to vice 
president of engineering. 

Kollsman Motor manufactures 
synchronous and servo motors, am­
plifiers, servo systems and compo­
nents. 

PEOPLE IN BRIEF 

Joe Adkins moves up to mgr. of 
quality control of Stewart-Warner 
Electronics. William E. Brown, 
formerly with Fansteel Metallurg­
ical Corp., named chief engineer 
of the Hi-Voltage div. of Wabash 
Magnetics, Inc. Richard W. Co­
bean leaves GE to join G-V Con­
trols Inc. as mgr. of product engi­
neering. IBM promotes Donald 
W. Seager to mgr. of corporate 
mfg. planning. Roy J. Keller ad­
vances to the post of mgr. of op­
erations planning at Stromberg 
div., General Time Corp. Arthur 
F. Chace, Jr., elevated to president 
of Vitramon, Inc. David R. Steen­
hausen, previously with Shephard­
Winters Co., appointed applica­
tions mgr. for the Berkeley div. of 
Beckman Instruments, Inc. He 
succeeds Edward F. Mullen who 
has been named product line mgr. 
for special projects. Alan J. Brown 
promoted to senior communication 
engineer, Lynch Communication 
Systems Inc. Kenneth R. Jackson 
moves up to asst. g-m of the Com­
puter div. of Packard Bell Elec­
tronics. Elbert Leon Aiton, ex­
United ElectroDynamics, Inc., 
JOins Electro-Optical Systems, 
Inc., as mgr. of reliability. Lear­
Siegler, Inc. ups George L. Loomis 
to director of operations, Power 
Equipment div. Edwin J. Dea­
drick, with Audio Devices, Inc., 
since 1959, elected v-p in charge 
of mfg. Nazzareno P. Cedrone, 
previously with Bendix Systems 
div., named chief engineer, de­
fense products, at Singer Metrics 
div. of The Singer Mfg. Co. Robert 
A. Nelson leaves Litton Industries 
to become v-p and g-m of its Triad 
Transformer Corp. division. 

MEMORY-as constant as the North Star, 
as lively as the last incremental 
count. General Time's INCREMAG 
provides this needed characteristic 
in electronic digital systems. Peak of 
the current state of the art, this com­
pletely solid state magnetic counter 
has proven its reliability in scores of 
military and industrial applications. 
It performs many functions. 

• Counting 
• Frequency Dividing 
• Programming 
•Timing 
• Memory Storage 
• Pulse Delay 
• Integrating 

INCREMAG will count either peri­
odic or random pulses without loss of 
prior count. Even if power fails, 
INCREMAG remembers. 
Like all General Time electronic sys­
tems and components, INCREMAG 
offers these advantages. 

• Simplicity of design-dependability 
• Low power consumption 
• Minimum size and weight 
• Rugged construction 

INCREMAG is available on an off­
the-shelf basis, or can be readily 
modified to meet special needs. 

GENERAL TIME 

!iE9.r¥oYrc9v~{b~~$?i~ [iii 
201 Summer Street, Stan:1ford, Conn. em 
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EMPLOYMENT OPPORTUNITIES 

electronics 
WEEKLY QUALIFICATION FORM 

FOR POSITIONS AVAILABLE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This Qualiflcation Form is designed to help you advance in the elec­

tronics industry. It is unique and compact. Designed with the assistance 

of professional personnel management, it isolates specific experience 

in electronie11 and deals only in essential background informatian. 

The advertisers listed here are seeking professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

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

ELECTRONICS. Our proce11in9 system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted al your home by the interested 

companln. 

WHAT TO DO 
1. Review the positions In the advertiHmenta. 

2. Seled those for which you qualify. 

3. Notice the key numbers. 
4. Circle the corresponding key number below the Qualification Form. 

5. Fill out the form completely. Please print clearly. 

COMPANY 

ATOMIC ENERGY OF CANADA LIMITED 
Chalk River, Ontario, Canada 

ATOMIC PERSONNEL INC. 
Philadelphia, Penna. 

GENERAL DYNAMICS/ ASTRONAUTICS 
San Diego, California 

GENERAL DYNAMICS/ELECTRONICS 
A Div. of General Dynamics Corp. 
Rochester. New York 

INTERNATIONAL BUSINESS MACHINES CORP. 
New York, New York 

JERROLD ELECTRONICS CORPORATION 
Philadelphia, Penna. 

LOCKHEED MISSILES & SPACE CD. 
Div. of Lockheed Aircraft Corp. 
Sunnydale, California 

UNION CARBIDE NUCLEAR COMPANY 
A Div. of Union Carbide Corporation 
Oak Ridge, Tennessee 

U.S.A.F. AIR FORCE LOGISTICS COMMAND 
Joint Professional Placement Office 
New York, N. Y. 

SEE PAGE 

aa• 

79 

33, 34• 

81 

99• 

aa• 

59 

79 

14• 

6. Mail to : Classified Advertising Div., ELECTRONICS, Box 12, New 

York 36, N. Y. (No charge, of course) . 
* These advert isements appeared in the June 7th issue. 

KEY # 

2 

3 

4 

5 

6 

7 

8 

9 

------------------ -----····--·-···-(cut here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here) 

(Please type or print clearly. Necessary for reproduction.I 

Personal Background Education 
NAME •••••••••••••••••••••••••••••••••••••••••••••••• 
HOME ADDRESS •••••••••••••••••••••.•.•••••••••••••••. 
CITY ....•..•.••••••••••. ZONE ..•••. . STAn •••••••••••.. 
HOME TELEPHONE •.••.....•..•....•.... . ....•.••..•.••. 

PROFESSIONAL DEGREE(S) ••••••••••••••••••••••••••••••• • 
MAJOR(S) ••••••••••••••••••••••••••••••••••••••••••••• 
UNIVERSITY ..•.•••••••••••••••••••••••••••••••• • •••••• 
DATE(S) .......•.••••••••..•••••••.•••. • .. • . • ••.•••••• • 

FIELDS OF EXPERIENCE (Please Check) 61463 
CATEGORY OF SPECIALIZATION 

Please indicate number of months 

0 ,., • .,.c. 
01.1 ..... 

01sw 
0 Circuits 

D Co•111ualclltlH1 

0 Components 

0 Computers 

0ECM 

0 Electron Tubes 

D Engineering Writing 

0 Fire Coatrel 

0 Hu•an Fact.,. 

0 l•fraretl 

D ln1tru111e•tatlH 

0MulclH 

0Mlcrewawe 

D Nawlgatl•• 

D Operation• l•Harch 

0 Optics 

D Packaging 

01at1ar 

0Ratli._TY 

Os1 .. u1a1 .... 

0 Selltl State 

D T•l•••fry 

0 Transformers 

D 0ther •••..•••••••• 

0 .................. . 
0 .................. . 
0 .................. . 

experience on proper lines. 

RESEARCH (pure, 
fundamental, •aslc) 

RESEARCH 
(Applletl) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 
MANUFACTURINI 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Products) 

T1chnlc•I su,.rvlaory 
111,lrlHH l•••rllHI 
(Mo•ths) (M1lltlls) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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IF YOU ARE OR WANT TO BE A TOP 

ELECTRONIC 
DESIGN 
ENGINEER 
HAVE YOU CONSIDERED THE 

IJNJQIJE 
OPPORTIJNITIES 

Work is in progress here on electronic equipment intended for the most advanced tactical aircraft under design. This 
includes the most sophisticated equipment that can be designed in the areas of airborne radar, airborne communications, 
navigation and fire control. 

The singular advantage to the Design Engineer at General Dynamics/ Electronics is the opportunity to learn at the inception 
stage the complete equipment - its operation, capability, circuitry - and to grow with a long range program. 

Positions Are Open for Graduate EE's with Design Experience in the Following Areas:. 

Space communications 
Telemetry receivers & transmitters 
Tracking equipment 
Mobile communication sets 
Reconnaissance/countermeasures 
Doppler systems 
Data communications 

Computer logic circuits 
Navigation aids 
USW/ASW equipment 
IFF equipment 
Aerospace ground equipment 
RF circuitry 
Advanced pulse circuitry 

UNIQUE LIVING ADVANTAGES, TOO. When you come to General Dynamics/Electronics you join two profes· 
sional communities - the Company and the city of Rochester, which has the largest percentage of professional people for 
a city of its size (500,000) in the nation. And, in many ways Rochester is an ideal spot for an engineer or scientist to live 
and raise a family - noted for its cultural advantages, excellent educational opportunities, friendly neighborhoods, modern 
hospitals, unrivaled city parks, exciting nearby historical and vacation spots. 

If you would like to get in on this unique opportunity, send a resume now to Mr. R. W. Holmes, Registered Engineer, Dept. 22 

GllllllllD 
GENERAL DYNAMICS I ELECTRONICS 
An Equal Opportunity Employer 1400 N. GOODMAN ST., ROCHESTER 1, N. Y. 
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DISPLAYED --RATES-- UNDISPLAYED 
The advertising is $27 .25 per inch for all $2 .70 a line, m1n1mum 3 lines . To figure ad-
advertising other than on a contract basis. vance payment count 5 average words as a line . 
AN ADVERTISING INCH is measured 7Je" vert. BOX NUMBERS count a s one line additional. 
on a column, 3 cols .-30 inches-to a page . 
EQUIPMENT WANTED or FOR SALE ADVERTISE- DISCOUNT of 10% if full payment is made in 
MENTS acceptable only in Displayed Style. advance for four consecutive insertions. 

Send NEW ADS or Inquiries to Classified Adv. Div . of Electronics, P. 0 . Box 12, N . Y. 36, N . Y. 

,,..-.. ~Jf!A PmESTAL 

~~1584-MP 618 
Fu ll azimuth and el evation sweeps 360 degrees 
in az imu th. 2 10 degrees in e levat ion . Accura te 
to 1 mi I. or bett er over system. Complete for 
ful l tracking response. Ang le accel eration rate : 
AZ, 9 degrees per second squared EL, 4 degrees 
per second squared. Ang le sl ewing rate : AZ 20 

MIT MODEL 9 PULSER 1 MEGAWATT­
HARD TUBE 
Output 25k,· 40 amp. Duty cycl<" .. 002. l'ulsc lengths. 
25 to 2 microsec. AJ:,0 .5 to 5 microser. and .1 to .:1 
msec. Uses 6C21 Input 115,· 60 1•ycJe AC Mfr. GE. 
Complete \\1th drll'er and high ,·o ltage power :-;upfJ!y. 
Ref: MlT Rad. J ... ab. Se1ies \ "o l. .".i PPS. 152-160. 

500KW THYRATON PULSER 
Output 22kY at 28 amp. Hf'P. n11es: 2.25 mlcrost"c. 
300 pps, 1.75 lllSf'C 550 pp:-. .. 4 msec· 2!}00 PPS. LSC'S 
5C22 hydrogen thyratron. ComplelC' with driver and 
high ' 'Oltage DOWN supply. J nput 115\· GO n A() . 

2 MEGAWATT PULSER 
Outpu t 30 kv at 70 anrp, Duty c·~«~lP .001. Jl rp rat<'s : 
1 microsec 600 pps, I or 2 m:-.t'<' :wo PP!i. Uses 5!H8 
hydrogen thyratron. I nput 120/ 208 \ 'AC GO cyt'll•. 
Mfr GE. 'Complete with high rnltage power suppl ~-. 

15KW PULSER-DRIVER 
Biased nmlrivibrator t:rve pulse µPnerator usi n J.:" :{]<;2!1. 
Ou11mt 3kv at 5 amp. J>ul st.• Jgths .;j to 5 micl'OSt'l'. 
easily adl to .I 10 .!i fll'4(>C. J11p11t 115,. 60 c~· AC. 
$4i5. Hef: M I T Had. J ,ab. Srrit>s Yol. ,'j pp l ::ii-lliO. 

MIT MODEL 3 PULSER 
Output : 144 kw {12 kv at 12 amp.) Duty ra.tio: 001 
ma..\. Pulse duration: .5 I and 2 mirro s~·c. l n pm : 
115 ,. 400 to 2000 ''PS. ;UHl 24 wk. $:{2:'J l'a. 
desc. Vol. 5 M IT Had. Lah. Seri('s pg. HO. 

SCR 584 RADAR AUTO-TRACK 
3 CM & 10 C)l. Our !;R4s in lik(' 1ww 1·on<lltion. 
ready to go, and in st0t•k for im111Nliit1t• <h.•liH•r:i;. 
Used on Atlan th· !\l i i's ilt~ 1tan1o:P. Pacll!C' U issll 1• 
Ra nge , NASA Wal1:1p~ Island, .\ .R M .A . 'Vrite us. 
F u lly Desc. MTT Uad. Lab. Se1 il-s, \'ol. l, pps. 
207-210. 228, 28l-286. 

degrees per sec . EL. 10 degrees per sec. Can 
mount up to a 20 ft . di sh. Angle track ing 
rate : 10 degrees per sec. Incl udes pedestal 
drives , sel syns, potentiometers, dr ive motors , 
control amplidynes. New condition . Quan­
tity in stock for immediate shipment. Ideal for 
missile & satellite tracking, antenna pattern 
ran?es , radar system, radio a stronomy, any 
pro1ect requiring accura t e response in elevation 
and azimuth . 
Complete descript ion in McGraw- Hil l Radiat ion 
Laboratory Series, Volume 1, pag e 284 and 
page 209, and Volume 26, page 233. 

300 TO 2400MC RF PKG. 
:{00 to 24001\{C CW , Tuneable. Transmitter 10 to 30 
Watts. Out1mt. As n ew $475. 

AN/TPS-1 D RADAR 
5fl0 Inv. 1220- 1359 mes. I 60 namic·a.I mile sea·rch 
ra nge P.P. T. a nd A. Scope~. 1\1T1 , thrratron mod. 
.}.I 26 11 mgnetron. Complete system. 

AN/TPS lOD HEIGHT FINDER 
2.10 -Kw X-Jland. 60 & 120 mile ranges to 60,000 
f't·Pt. complete. 

AN/ APS-158 3 CM RADAR 
.\ irl>orne radar. 40kw outpu t usi ng 725A ma.i,tn etron. 
Model ~ ou lsC'r. 30 In. parabola stablllzf'cl antenna.. 
l'l'T sCOJJE.>. Complete system. $1200 each. ~ew. 

100 KW 3 CM. X BAND RADAR 
('0 111 plrte 1\ N/ i\J-'S -27 radar sr stem usi n g 4.152 nrn~ ­
nc•tron , PPL antenna '.360 degrre l'Otation c1zi111 11 1h, 
f\O t1 e~rf'<-" elevation apx. Complete in stllllation in ­
ducting gyro & Al\lT l $2800. 

L BAND RF PKG. 
20K\V peak !)!)0 to 1040mc. Pulse "irt1h .i 10 1.2 
mkro "('oC. H(' IJ ra.(e 180 tu 420 pps. Jnnm It;) 'ac. 
1 ncl. llt•rci "er $1200. 

CARCINOTRONS 
T ypr ''R f' Cl\ l i06A Ji'req. ~000 to 400(1 111c' . 'l' ,qu• 
CS L~ f'i\ f7 10A. Freq. 2400 to :~ 1 00 me~. t ' W. n 111 -
1111t 200 \\'atts mi n imum. ~C'\\ . Full \\lY. 

AN/ CPS-9 WEATHER RADAR 
2:rn Jrn. :{ ('JH. :~60 clc>g. az. !HJ cleg. C'ier. sr:ln. l' l ' l , 
HI! I .\ scooe-s. 

QUARTZ DELAY LINE 
aOO l\ll cro~ef'S. :·:W Ml!. 1000 0 11)1:$ 1'ennination lte­
"i~ta.n<•f'--wit lt Calib. Cun ·e L Ji'}; Type l IHj. Price 
$275 eadi. 

RADIO RESEARCH INSTRUMENT CO. 
550 Fifth Ave~. New York JUdson 6-4691 

SMALL AD but BIG STOCK 
of choice test equipment 
and surplus electronics 

Higher Quality-Lower Costs 
Get our advice on your problem 

ENGINEERING ASSOCIATES 
434 Patterson Road Dayton 19, Ohio 

CIRCLE 951 ON READER SERVICE CARD 

GLASS TUBING 
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PYREX - NONEX - URANIUM 
BULB & CYLINDERS 

WRITE FDR FREE MONTHLY LIST 

HOUDE GLASS COMPANY 
PHONE COLFAX 4-4800 

P .0 . Box 206 Keyport, N . j _ 

CIRCLE 952 ON READER SERVICE CARD 

CIRCLE 950 ON READER SERVICE CARD 

I ELECTRON TUBES I~ 
KLYSTRONS • ATR & TR • MAGNETRON$ 
SUBMINIATURES • C. R.T. • T. W .T. e 5000-

6000 SERIES 
• SEND FOR NEW CATALOG A2 • 

A & A ELECTRONICS CORP. 
1063 PERRY ANNEX 
WHITTIER . CALIF . 

AN 92865 OR 943 -2829 

CIRCLE 953 ON READER SERVICE CARD 

FREE 
TUBES & COMPONENT 

••• CATALOG 
BARRY ELECTRONICS 

512 BROADWAY 212-WAlker 5-7000 
NEW YORK 12, N.Y . TWX-571-0484 

CIRCLE 954 ON READER SERVICE CARD 

RELAYS? 

WHAT ARE YOU 
WORRIED ABOUT? 

UNIVERSAL CAN SOLVE YOUR PROBLEMS 
OVER 2,000,000 in STOCK 

ALL TYPES • MOST MAKES 
PRODUCTION QUANTITIES 

DON'T BE A WORRY WART 
Write for Catalogue EK 

ll!BllBR 
42A White St., New York 13, N. Y., WA 5-6900 

CIRCLE 955 ON READER SERVICE CARD 

U.S. MICROWAVE 
AMERICA'S LEADING DISTRIBUTOR 

OF ELECTRONIC TUBES 

Klystrons. Transmitting . Maqnetrons, Am­
plitrons, Rectifiers, Thyratrons, BWO, TWT, 
Exotic Types, XFA, MBK, COAX Maq, Im­
age converters, Orthicon, Photomultiplier, 
Transistor, Zener, Cathode-Ray, Staraqe. 

Distributors of Specialized Electronic 

Equipment-Nuclear, Geophysical 

EXPORT INQUIRIES INVITED-ALL LANGUAGES 

U.S. MICROWAVE 
P. 0. Box "G" 

Collingswood, New Jersey 

Call Callecl, Area Code 609 - WO 6-2929 

CIRCLE 956 ON READER SERVICE CARD 

MICROWAVE TEST EQUIPMENT 
C-band Waveguide 

New condition, FXR: 
Attenuator, Slotted Line, Load, etc. 

SELL OR TRADE 
ESCA, 1426 W. Frant St. 

Plainfield, N . J . 201-756-1252 

CIRCLE 957 ON READER SERVICE CARD 

POTTING APPLICATORS 
MANUAL AND DISPOSABLE 

6cc l 2cc 30cc 
FOR POTTING. ENCAPSULATING, AND 

SEALING OF MINIATURE COMPONENTS 
PHILIP FISHMAN CO. 

7 CAMERON ST .. WELLESLEY 81. MASS. ' CIRCLE 958 ON READER SERVICE CARD 
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SIMPLE DIFFERENTIAL 
WITH BALL-BEARING 

SUN GEARS 
The 1: 1 reverse ratio 
spur gears ore .48 -tooth, 
32 pitch brass with 
J / 16" available lace. 
On one side , the shaft 
is 23.6.4" dia . for 

11/16" and hos a pin hole , then increases in 
d ia . to .377" for the remaining 3/ 16" of length 
On the other. side, the shaft is .377 dio . 1/4" lg . 
2 -13/ 16" dio . is required to clear the body . 
Srock na. A6-1 15 ... .. . . .. ....... each $15 .00 

RCA 6032 IMAGE-CONVERTER TUBE ' 
Combined with suitable opt ical systems, . 
this J-electrode tube permits viewing 
of scene with infrared rad iation. Scene • , 
to be viewed is imaged by optical ob-
jective upon semi-transparent photo- · 
cathode. Spectral resp . , S-1; good response up 
to about 1200A. Mox . rat in gs, absolute, grid 
#2, 20,000VDC or peak AC , gri d #1,2700 . 

$9 .95 ppd . 

MINOR SWITCH I 0-position, 3-pale, with 
stopper & reset coil 6 -12 V. D.C . off-nor­
mal non- bridging wiper. wt.: 1 lb $9.95 

GENERAL ELECTRIC FULL WAVE BRIDGE 
GERMANIUM RECTIFIER 

in put 117 volt AC, output 115 -
volt DC at 10 amperes ap-
proximate dimensions: 43/," x ,. 
43/," x 7112 " long, weight: 
J I/, lbs. 

PRICE $9.9S each 

VAR IAC TYPE V20 
input 120 volt AC, S0/ 60 cycles 
output range 0 -140 volts, 20 om -
peres . 
PRICE $37 .SO each 

POWERSTAT TYPE 20 • 
;nput 120 volt AC, 50/ 60 cycle -

~~~~~e:~nge 0- 140 volts AC, 3 () • 

PRICE ........ ........ ...... $9.95 eoch 
POWERSTAT TYPE 116 
input 120 volts, 50/ 60 cycle output range 0 -
140 volts AC, 7.5 amperes. 
PRICE $16.95 each 

Here ' s an a ccurate t ime -conrrol 
center that'll help you win your 
next rallye . It not only tells 

.you the dote ond time of day 
right to the second, it's o stop 
watch that gives you elopsed 
t.ime in seconds, minutes, and 

hours! The 24 -hour clock simplifies adding and 
subtracting elapsed time for your navigator. Manu­
factured ~y Elgin Watch Co . to exocting military 
specifications, it will remain accurate in spite of 
rood bumps nnd vibrotior1s. Uses no electrical con­
nections. Does the job of high -cost equi~ment . 
Jeweled / Sweep Second Hand/Luminous Hands and 
Numerol~/25 - Hour - Dial/Block Face and Plastic 
Cose/3 1/ 1 " Mounting . 
Cost the Government $185 .00 

Only $39 .95 Postoaid 
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SMALL DC 
MOTORS 

(approx. 1izt 
over 31/," 

x 11/," dia.r 
5067043 Delco 12 VDC PM 1 • x 1 • x 2• , 

10,000 rpm. $7.50 
5067126 Delco PM, 27 VOC, 125 RPM, 

Governor Controlled 15.00 ea. 
506~600 Delco PM 27 .S voe 250 rpm 12.50 

;;;~:':;;,r~lr~d r~~.' . mfr. _Dek_o.' . _27 . ~~~l ,~Oo 
5069230 Delco PM 27.5 voe 145 rpm 15.00 
5068750 Delco 27.5 VDC 160 rpm w. broh 6 .50 
5068571 Delco PM 27.5 VCIC 10,000 rpm 

(hlx2#) 5.00 
5069790 Delco PM , 27 VDC, 100 RPM, 

Governor Controlled 15.00 ea 
#5069800 57S rpm , mfr. Delco , 27 VDC PM 
reversible governor controlled ~ equipped with '27 
voe clutch ........ .... .... . ......... $17.50 
5072735 Delco 27 VDC 200 rpm governor con-

troll ed . 15.00 
5BA10A118 GE 24 VDC 110 rpm 10.00 
SBA 1 OAJ37 GE 27 VDC 250 rpm revers;ble 10.00 
~8A10AJ52 27 VDC 145 rpm reversible l'J .50 
SBA 1 OAJ50, G. E .. 12 VDC, 140 rpm 15.00 
SBA10FJ4D11, G.E. 21 VDC, 215 rpm, 

1 10 01: . i11., 7 antp, contai"l brake 15.00 
58A10FJ421, G.!. 24 VDC, 4 rp.,, reversible, 

' OF . i• ., .65 HID 15.00 

400 CYCLE PM GENERATOR 

115/ 200 volts A.C. 1. , , fi· '' or 3 -phose, 200 watts . 
4,000 r.p. m. Appro. . 
dimensions: A, '/, " dio .; 
3" lo ng; 1/2 " shaft , 

AN connector. $75.00 

9KVA 

400-CYCLE 

GENERATOR 

120/ 208 volts, 3-phase power factor 1.0 
CCW rotation . Approx . 13V2 lg . x 8" die . 
4000 rpm, mfg . Bendix Aviation P/ N 
1633-lA. 

$150.00 

MINNEAPOLIS-HONEYWELL RATE GYRO 
(Control Flight) 

Part no . JG7005A , 115 
¥Diis A.C ., 400 cycle 
iingle phase potent iom ' 
eter toke off resistonc r-
530 ohms . Speed 21 ,000 
1.p.m. ~ngulor mo men · 
tum 21/2 million, CM'/ 
1'ec. Weight 2 lbs. Di­
m ens ions 4-7/32 
3-29/32 x 3-31/64. 

Price $22 .50 

CIRCLE 959 ON READER SERVICE CARD 

!CT cont. Trans 90/ SSV 60 cy .. .•. •.•.... $27.50 
1 DG Dill. Gen. 90/ 90V 60 cy •..•. .•..... 34.50 
IF Syn. Mir. 115/ 90V 60 cy ......... . .... 34.50 
1G Gen . 115V 60 cy . .. . .. ........ • ... .. 34.50 
1HDG ...............• ... .. . ...•. . .... 37.SO 
lHCT . . . . . . . . . . . . . . . . • . . . . . . . 37 .50 
lSF Syn. Mtr. 115/ 90V 400 cy • . . .. •. . •... 12.50 
23TR.C torque receiver. . . . . . • . . . • . • . . . . . . 34. 50 
23TR6 torque receiver . ... , ., .. . . . .• , ... . 37 .SO 
23CT6 control transformer ............... _ 37 .50 
23CX6 control transm itter .. _ ... . . •. ••.... 37.50 
23TX6 torque tran smitter . . . . ..... . . .. ..• . 37.50 
7DG d ifferential generator ..... . - • • • .•. . 37 .SO 
2J1Fl Gen . 115/ 57 .5V 400 cy . . .••........ 7.50 
2J1FJ Gen. 11S/ 57 .5V 400 cy •....• .• ...•. 10.00 
2J1FA1 Gen . 11S/ 57.5V 400 cy . ... . .... . . 7.50 
2J1Gl 57.5/ 57 .5V 400 cy .......•.•...••. 5 .00 
2J1H1 Dill. Gen. 57.5V 400 cy. ...... .... 7 .50 
2JSD1 Cont. Trans. 1 OS/ 55V 60 cy, . . ••. ... 17 .50 
2J5Fl Cont . Trans. 105/ SSV 60 cy ....... . . 17.50 
2J5Hl Gen. 11S/10SV 60 cy ...... .••. .• . . 17.50 
2J15Ml Gen . 115/ 57 .SV 400 cy •.•. .... •• . 17.SO 
5CT Cont. Trons. 90/ 5SV 60 cy .. • .... • .. . 34.50 
SD Dill. Mtr. 90/ 90V 60 cy ... .. ... ... ... 34.50 
SDG Dill. Gen. 90/ 90V 60 cy .. ..• ...... .. 34.50 
SF Syn . Mtr. 115/ 90 VAC 60 cy . .......... 34.50 
SG Syn . Gen . 115/ 90VAC 60 cy .. .. .•..... 34.50 
5HCT Cont. Trans. 90/ SSV 60 cy •. .. ... ... 37.50 
5SDG Dill. Gen. 90/ 90V 400 cy ... . ....... 12.50 
6DG Dill . Gen . 90/ 90V 60 cy ......... .. .. 25.00 
6G Syn . Gen. 115/ 90VAC 60 cy .... .. . .. .. 34.50 
7G Syn. Gen. 115/ 90VAC 60 cy . .. ... . .... 42.50 
C56701 Type 11 -4 Rep. 115V 60 cy •• ••••• 20.00 
C6940S-2 Type 1-1 Tronsm. llSV 60 cy • ... 20.00 
C69406 Syn . Transm . 11 SV 60 cy ... .... , •. . 20.00 
C69406-1 Type 11 -2 Rep. 115V 60 cy ••••.• 20.00 
C782•8 Svn. Transm . 11 SV 60 cy .... . ..... 12.50 
C78410 Repeater 115V 60 cy . .. .. ....... . 20.00 
FPE .c9.7 Diehl servo motor, 11 S volts, 

60 cycle, 10 watts . 30.00 

400 CYCLE, 3 PHASE GENERATOR 
IY MASTEi IUCTllC Type AG, frame J64Y, 

1.5 kw; 3428 rpm , pf 
.95 Star connected 
120/208 3 phase, 22 
amps. Delta connected 
120 volt single phase 
6 amps. Self ' excited. 
Complete wifh <control 
bo•, voltage regulator, 
AC voltmeter and fre .. 
quency meter, Shaft 1" 
dia ., 7" long: overall 
dim . of unit: 21 "6xll"x 
20·. 

Price $395 .00 each 

SENSITIVE INTEGRATING GYROS 
Thi s is the famous HIG Gyro 
which is being used in missile 
guidance systems, radar stabi. 
lizotio n and fine control sys· 
fem s.' Government c<fst ap­
proximately $1 SOO. 
PRICE . .. $50.00 

Oil CAPACITORS 
1 MFO. 25,000 V. DC Westinghouse inter­
teen type FP style 1313854. 

$39.95 each 
10 or more, $35.00 each. 

HONEYWELL VERTICAL GYRO 
MODEL JG 7044A 17 115 volts, 400 

cycles, single 
phase, 35 watts. 
Pitch and roll 
potentiometer' 
pickoffs 890 
ohms, 40 volts 
max. AC or DC. 
Speed 20,000 
rpm, ong . mo-

mentum 12,500,~00 
gm-cm 2/sec. Erec­
tion system 27 VAC, 

400 c'fcles, time 5 min. to 
nism operates on 24 voe. 

V2° ; caging mecha -

$49.50 

24 VOLT DC POWER SUPPLY 
input : 115/ 440 volts A C, 60 cycle,. 
single phase. ' · 
Output: 24 ,·olts D C at 25 amps 
tapped primary and secondary to 

F;rl; ~o~t!!~n~n~t_ 3ion8t~i;sm~~:r~ ;~~: ~ / • • 
cult breake r , filtered, se lenium type ;; 
rectifier approx. dim: 16" wide, 18" a~ ; . 
lnnc: Rt~ " high, app rox wt.: 70 lbs. ~"f::::J 
PRICE .. . . . ........ . .. $49.50 each 
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Allen-Bradley Co. . . . . . . . . . . . . . 5 
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Burroughs Corporation ........ . 9 

• Clairex Corp. . .......... .. . . . 22 
57 
70 

• Clifton Precision Products Co., Inc. 
Consolidated Electrodynamics Corp. 

• Defense Electronics, Inc . . . . . . . . . 54 
Di-Aero Corp. . . . . . . . . . . . . . . . . 58 

• Driver Co., Wilbur B .. ... -, . . . . . . 23 
duPont de Nemours & Co., Inc., 

E. I. . . ....... . ..... . ... . 6, 63 
Dynamics Instrumentation Co.. . . 78 

• Eisler Engineering Co. . . . . . . . . . . 69 
Electronic Associates, Inc ..... 64, 65 

• Friedrich & Dimmock. . . . . • . . . . . 69 

• General Products Corp . . . . . . . . . . 53 
General Time Corp . . . . . . . . . . . . 79 
Gries Reproducer Corp. . . . . . . . . 70 

• Harrison Laboratories, Div. of 
Hewlett-Packard Co. . . . . . . . . . 32 

Heinemann Electric Co . . . . . . . . . 30 
• Hewlett-Packard Company .. 2nd Cover 

Hughes Aircraft Co. Aerospace 
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• A & A Electronics Corp . . . . . . . . . 82 
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• See advertisement in the July 25, 1962 issue 
of Electronics Buyers' Guide for complete line of 
products or services . 

This Index and our Reader Service Numbers are pub· 
lished as a service. Every precaution is taken to make 
them accurate, but electronics assumes no responsi­
bilities for errors or omissions. 

ADVERTISING REPRESENTATIVES 

ATLANTA (9): 
Michael H. Miller, Robert C. Johnson 
1375 Peachtree St. N.E., Trinity 5·0523 

(area code 404) 

BOSTON (16): 
William S. Hodgkinson , Donald R. Furth 
McGraw-Hill Building, Copley Square, 
Congress 2-1160 (area code 617) 

CHICAGO (11): 
Harvey W. Wernecke, Robert M. Den mead 
645 North Michigan Avenue, Mohawk 4-5800 

(area code 312) 

CLEVELAND (13): 
Paul T. Fegley 
55 Public Square, Superior 1-7000 

(area code 216) 

DALLAS (1): 
Frank Le Beau 
The Vaughn Bldg., 1712 Commerce St. 
Riverside 7 -9721 (area code 214) 

DENVER (2): 
John W. Patten 
Tower Bldg., 1700 Broadway, 
Alpine 5-2981 (area code 303) 

HOUSTON (25) : 
Kenneth George 
Prudential Bldg ., Holcombe Blvd., 
Riverside 8-1280 (area code 713) 

LOS ANGELES (17): 
Ashley P. Hartman, John G . Zisch, 
William C. Gries 
1125 W. 6th St., Huntley 2-5450 

NEW YORK (36): 
(area code 213) 

Donald H. Miller, Henry M. Shaw, 
George F. Werner 
500 Fifth Avenue, L0-4-3000 

PHILADELPHIA (3): 
(area code 212) 

Warren H. Gardner, William J . Boyle 
6 Penn Center Plaza, LOcust 8-4330 

(area code 215) 
SAN FRANCISCO (11): 

Richard C . Alcorn 
255 California Street, Douglas 2-4600 

LONDON Wl: 
Edwin S. Murphy Jr • 
34 Dover St. 

FRANKFURT / Main: 
Matthee Herforth 
85 Westendstrasse 

GENEVA: 
Michael R. Zeynel 
2 Place du Port 

TOKYO : 
George Olcott, 

(area code 415) 

1.. Kotohiracho, Shiba, Minato-KU 
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For higher TWT efficiency ... a hollow beam 

STS-188, a 2 kW, S band TWT proves Sperry's 
capability in dep ressed 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 

SPERRY RAND CORPORATION 

GAINESVILLE FLORIDA 

This photograph of a hollow, high-perveance electron 
beam helps us measure our progress toward a goal of 
higher efficiency for traveling 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 quite a job on the technical 
considerations that improve efficiency of traveling wave 
tubes. 25% efficiency is already a reality on many of 
our models, and better things are coming. 

A FREE TECH NICAL 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, Ga inesvi I le, Florida, or contact 
your Cain & Co. representative. In Europe, contact 
Sperry Europe Continental, Paris. 
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KLYSTRON TUBE AIDS STUDY OF NUCLEAR STRUCTURES 

The RCA-A 1230, developed under the sponsorship of 
Stanford University, is the result of years of RCA ex­
perience in power tube design and development. It 's 
th e super-power klystron that will produce the tremen­
dous pulse power required in electron linear acceler­
ato rs like the one at Stanford University. 

RCA-A 1230 is designed to provide 24 Megawatts 
peak power output with better than 21 kilowatts of av­
erage power at 2,856 Mc. This fixed-frequency super­
power klystron features permanent magnet focusing , 50 

db gain, and long-l ife matrix cathode . The RCA-A 1230 is 
offered with a choice of either single or double RF out­
put ports , solenoid or permanent magnet focusin g. 

In other areas, RCA klystrons will soon be avail able 
for tr,opospheric scatter communications, telephone re­
lay, and long-range radar. 

Consult your RCA Industrial Tube Represe ntative 
about klystrons in configurations to meet your special 
requirements. Or write : Manage r, Super- Power Tube 
Marketing, RCA Electron Tube Division , Lancaster, Pa. 

• The Most Trusted Name in Electronics 

INDUSTRIAL TUBE PRODUCTS FIELD O FFI CES 
OEM SALES, Newark 2, N . J., 32-36 Green S1., 
1201) 485-3900 • Chkogo 54, 111., Suite 1154, Mer­
chandise Mort Plaza, (312) 527-2900 • Los Angeles 
22, Colif., 6801 E. Woshington Blvd., 1213) RA 3·8361 
• GOVERNMENT SALES, Horr;son, N. J. , 415 South 
Fath SI., 1201) 485-3900 • Dovton 2, Oh;o, 224 
N . Wilkinson St., 1513) BA 6-2366 • Washington 
6, D. C., 1725 ""K"' SI., N.W., 1202 ) FE 7-8500 • 
INTERNATIONAL SALES, RCA lnternanonol Div., 
Clork, N . J ,, (201) 382-1000 


