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Constant output level 

Constant modulation level 

3 volt output into 50 ohms 

Low envelope distortion 

New -hp- 606A HF Signal Generator 
Here at last is a compact, convenient, moderately-
priced signal generator providing constant output 
and constant modulation level plus high output 
from 50 kc to 65 MC. Tedious, error-producing 
resetting of output level and percent modulation 
are eliminated. 

Covering the high frequency spectrum, (which in-
cludes the 30 and 60 MC radar IF bands) the new 

SPECIFICATIONS 
Spurious Harmonic Output: Less than 3%. 
Leakage: Negligible; permits sensitivity measurements to 0.1 
Amplitude Modulation: Continuously adjustable from 0 to 100%. 
Internal Modulation: 0 to 100% sinusoidal modulation at 400 cps 
±5% or 1000 cps ±5%. 
Modulation Bandwidth: Dc to 20 kc maximum. 
External Modulation: 0 to 100% sinusoidal modulation dc to 20 kc. 
Envelope Distortion: Less thon 3% envelope distortion from 0 to 
70% modulation at output levels of 1 volt or less. 

Spurious FM: Less than 0.0001% or 20 cps, which greater. 
Spurious AM: Hum and noise sidebands are 70 db below carrier. 
Frequency Drift: Less than 0.005% or 5 cps, whichever greater. 
Price: (c- binet) $1,200.00. (rack mount) $1,185.00. 

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

Frequency Range: 50 kc to 65 MC in 6 bands. 

Frequency Accuracy: Within ± 1%. 

Frequency Calibrator: Crystal oscillator provides check points at 
100 kc and 1 MC intervals accurate within 0.01% from 0° to 
50 ° C. 

RF Output Level: Continuously adjustable from 0.1 Ity to 3 volts 
into a 50 ohm resistive load. Calibration is in volts and dbm (0 
dbm is 1 milliwatt). 

Output Accuracy: Within -± 1 db into 50 ohm resistive load. 

Frequency Response: Within ± 1 db into 50 ohm resistive load 
over entire frequency range at any output level setting. 

Output Impedance: 50 ohms, SWR less than 1.1:1 at 0.3 y and 
below. 

HEWLETT-PACKARD COMPANY 5023A 

oe 606A is exceptionally useful in driving bridges, 
antennas and filters, and measuring gain, selectivity 
and image rejection of receivers and IF circuits. 

Output is constant within -±-1 db over the full fre-
quency range, and is adjustable from + 20 dbm (3 
volts rms) to —110 dbm (0.1 pm rms). No level 
adjustments are required during operation. 

PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 
CABLE "HEWPACK" • DAVENPORT 6-7000 • Field representatives in all principal areas 

world's most complete line of signal generators 
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Bendix Craftsmanship at work for you 

6094 6889 

FOUR SPECIAL BENDIX® TUBES with wide voltage and power 
capabilities. Bendix miniature tube types 7757 and JAN 6094, high 
perveance beam power amplifiers, are designed to operate at high voltages 

during vibration and shock conditions. They are free from internal arcing 
in aircraft, military and industrial applications. Tubes 6384 and 6889 also 

operate at high voltages (up to 3,000 volts on the plate and 1,000 volts 

on the screen). Their characteristics include high pulse output and closely 

controlled high-voltage cut-off, ideally suiting them to pulse modulation 
and high voltage regulation. Write for complete information today. 

ELECTRON TUBE PRODUCTS 

Red Bank Division 
EATONTOWN, NEW JERSEY 

T73407 

CORPORATION 
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NEW! 
DIRECT REAPIM 
REM% MITER 

O tull octave enrs hPvnewl 
3.95 to 11.0 KMc 

DELIVERY FROM STOCK 

Model No. N414A Price: $495.00 

Direct reading from 3.95 to 11.0 KMc 

Covers a full octave and beyond 

Reaction type with 0.1% absolute accuracy 
Non-contacting choke for long life and high O 
Standard Type N Connectors for universal utilization 

Meet the newest member of the FXR "family" of direct read-
ing frequency meters. This coaxial type, Model No. N414A, has 
a range from 3.95 KMc to 11.0 KMc and by use of FXR Series 
601 coax to waveguide adapters converts to waveguide set-
ups. The unit covers "a full octave and beyond" with an abso-
lute accuracy of 0.1% throughout its range. It is a perfect 
companion for the FXR Models No. C772 and X772 signal 
sources. 

This newest direct reading frequency meter augments FXR's 
existing line, recognized as the largest in the industry. Direct 
reading, reaction type units are available for use up to 39.5 
KMc while micrometer types extend FXR's coverage up to 
220 KMc. 

Write or call now for data sheets on Model No. N414A and other 
units in the integrated FXR family of precision frequency meters. 

F" "-"IILY" OF W ee"' I 

Model No. 
N410A 

Model No. 
K410A 

READINC1 r'eArrgembq InePE FRE011çed" 

'le 

Model 
No. 

Frequency 
Range 
KMc 

Price 
(F.O.B. 

Woodside) 

0410X 33-50 $325.00 

M410X 50-75 300.00 

E410X 60-90 500.00 

F412A 90-140 750.00 

G412A 140-220 750.00 

DELIVERY FROM STOCK 

MCTCDÇ 

Model 
No. 

Frequency 
Range 
(KW) 

Absolute 
Accuracy 

(%) 
Approx. 
u 

Waveguide 
Type 

RO-) )/U 

Flange 

Type 
UG-( MU 

Price 
(F.O.B. 

Woodside) 

COAXIAL TYPES 

N410A 1.00- 4.00 0.10 3000 13/8"Coax Type N) $495.00 

N414A 3.95-11.0 0.10 500 to 1500 (3/8"Coox Type N) 495.00 

WAVEGUIDE TYPES 

*H4108 3.95- 5.85 0.08 8000 49 149A 250.00 

*C4108 5.85- 8.20 0.08 8000 50 344 180.00 

iiiw4108 7.05-10.00 0.08 8000 51 51 165.00 

X4108 8.20-12.40 0.08 8000 52 39 150.00 

Y410A 12.40-18.00 0.10 4500 91 419 210.00 

K410A 18.00-26.50 0.10 4000 53 425 230.00 

U410A 26.50-39.50 0.10 3000 96 381 250.00 

C402A 5.85- 8.20 0.03 8000 50 344 1275.00 

X402A 8.20-12.40 0.03 8000 52 39 1275.00 

PRECISION MICROWAVE EQUIPMENT HIGH-POWER PULSE MODULATORS 

With transmission coupling probe. 

DELIVERY FROM STOCK 

HIGH-VOLTAGE POWER SUPPLIES ELECTRONIC TEST EQUIPMENT 
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è .l. ' • : "qe.....1,4: . 'i. 

4 • 

''',;, _ 
1 \i;à•is,,,..-'. 

e 

/Pr 

# 

, .; Iv _ „s„. ., ;,- 
...., . , 

, • 
••••^.. 4 

.... 
'../ ' • ..- , 

...'"*. 

110  

1 
. tl„ / 

r 

4 4 • • i 

..e 
1 ' ' 

1 , • ' 

' ;I' ij . r.t , 

. . 
a 

. 
, , • r 

y 
, 

_ 

, c t 

MAGNETICS. These are micrographs of longitudinal (bottom) and 
cross section of iron wires in a copper alloy matrix made by wire draw-
ing. This technique is used to prepare elongated iron particles with 
diameters less than 1,000 angstroms. Work was recently described by 
F. E. Luborsky of General Electric Research Laboratory at the Sixth 
Annual Conference on Magnetism and Magnetic Materiab. For other 
conference highlights, see Assistant Editor Lindgren's article (p 81). 

THE SILENT WAR. In many eyes, Soviet Russia currently means rocket 
strength. Time and again, Nikita Khrushchev expresses his position 
with respect to the Free World in terms of the rockets. But the main 
strength of the Soviet Union continues to be a powerful land army backed 
by tremendous artillery, and a peculiarly balanced Navy. The peculiar 
balance is the submarine fleet, which now numbers in excess of 500 subs. 
Some of these are nuclear-powered; some carry intermediate and long-
range missiles. Considering what Hitler did with a tenth that many 
subs, the USSR sub fleet can be considered a serious menace. 

Our Navy's response to this menace is little noticed in the conversa-
tional atmosphere of rockets, missiles and space research. It presses 
against the frontiers of acoustics and electronics, and urgently needs the 
services of the electronics technology. In this issue (p 26) is a staff-
gathered story on some of the strategic surveillance systems the Navy is 
either considering or using to keep informed of submarine intrusions. 

INCOME of engineering teachers is of interest to engineers in industry 
as well as to the teachers. Adequate income is recognized as an important 
element in the instructional capability needed for turning out good engi-
neers. Assistant Editor Bruun points out in a story this week that the 
average total income of all ranks of engineering teachers increased from 
$9,598 in 1958 to $11,013 in 1960. Contributing to such income are the 
fees earned by teachers in consulting services to companies. See p 32. 

Coming In Our January 20 Issue 
MEDICAL ELECTRONICS. Electronics has become an effective tool in 
the comparatively new field of applying physical science techniques to 
problems in medicine and biology. Since last summer, when this was 
brought out in an ELECTRONICS special report (p 53, July 29, '60), Asso-
ciate Editor Bushor has been preparing a set of comprehensive articles 
on medical electronics. His first article, on measurement techniques in 
diagnosis, appears next week. 
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Raytheon Subminiature Tubes 

Help Deliver The Message for 

Hughes Project Tattletale 
Enemy atomic attack can scramble 
the ionosphere disrupting vital com-
munications. The Air Force provides 
a solution in the form of Project 
Tattletale. A high altitude rocket 
containing a taped message and trans-
mitting equipment is shot 300 miles 
up to provide a straight-line trans-
mission requiring no ionospheric 
bounce. 

PROBLEM: How to assure maxi-
mum reliability during transmission. 

pany, contractor, chose Raytheon 
5702WA, 5703WA, and 6021 Reli-
able Subminiature Tubes. 

If your designs require tubes featur-
ing reliable operation, long life, and 
stable performance under severe 
conditions of high temperature and 
mechanical shock or vibration, 
Raytheon Reliable Subminiature 
Tubes can offer an immediate solu-
tion. For complete technical data, 
please write to Raytheon, Industrial 
Components Division, 55 Chapel St., 

SOLUTION: Hughes Aircraft Corn- Newton 58, Mass. 
For Small Order or Prototype Requirements See Your Local Franchised Raytheon Distributor. 

RAYTHEON COMPANY 

INDUSTRIAL COMPONENTS DIVISION 



NEW CETRON 
CE-3B24WA 

HALF WAVE 
HIGH VACUUM 

RECTIFIER 
Cetron offers "Built-in" ruggedness in 
this amazing new half-wave, high 
vacuum, rectifier tube. Use it with full 
confidence where extreme shock and 
vibration are encountered. 

Present applications include smoke 
precipitators, navigation aids and high 
voltage power supplies. 

You may have another application! If 
so, depend on the CE-3B24WA for long 
life and rugged dependability. 

SHOCK RATING . . . 450G 
Capable of meeting 

all JAN Military Specifications 
WRITE FOR LITERATURE 

YOUR DEPENDABLE SOURCE FOR 
RECTIFIER, THYRATON AND PHOTO TUBES 

CETRON 
ELECTRON ICS 
CORPORATION 
715 Hamilton Street • Geneva, Illinois 

COMMENT 

Ions and Health 
One of our midwestern readers 

recently sent us a clipping from 
an unidentified publication, which 
read: 
On the other hand, a preponder-

ance of negative ions spices the air 
with exhilarating freshness. We 
feel on top of the world. Dr. C. W. 
Hansell, research fellow at RCA 
Laboratories and an international 
authority on ionization, illustrates 
the effect with a story about his 
ten-year-old daughter. "We were 
outside,, watching the approach of 
a thunderstorm. I knew that clouds 
of negative ions were filling the air. 
Suddenly my daughter began to 
dance across the grass, a radiant 
look on her face. She leaped up on 
a low boulder, threw her arms wide 
to the dark sky, and cried, 'Oh, I 
feel wonderful! 

To this clipping was appended 
the following note: 

Poor, ignorant little girl! ob-
viously she doesn't read ELECTRON-
ICS or she would know that the air 
is positively ionized just before a 
thunderstorm and she should feel 
bad, not good. 

K. R. STONE 
W. ST. PAUL, MINN. 

Reader Stone's rebuke is perhaps 
justified; we may not have made 
ourselves perfectly clear in discus-
sing this matter in a previous Com-
ment (p 6, Dec. 9 '60). Current 
theory suggests that some of the 
positive ionization in the air de-
rives from the emergence of "dead 
air" from porous soil when the at-
mospheric pressure is low—as it is 
just prior to a thunderstorm. At 
these times, positive ionization goes 
up; then the storm strikes, and the 
air is rendered slightly negative. 
Reader Stone is apparently be-
mused by the phrase "just before," 
and we can see why. Just before 
the storm strikes, the clouds of 
negative ions—in the words of re-
searcher Hansell—are filling the 
air; but just before that, positive 
ionization is at its peak. 

Information Processing 
Your recent editorial "Informa-

tion Processing" (p 4, Sept. 30 '60) 
was a provocative presentation, but 

I must object to your limiting use 
of the expression to the automatic 
library. I have used this term for 
some time in the larger sense of 
meaning any operations required 
to convert crude information into 
a form in which valid number 
values can be assigned to its signi-
ficant components. 

In my particular field of physi-
ological instrumentation, such proc-
essing is often mandatory. Crude 
inputs from biological systems 
often have signal-to-background ra-
tios of much less than unity. Such 
techniques as autocorrelation, re-
sponse averaging and Fourier an-
alysis are required even to detect, 
to say nothing of measure, the de-
sired response. 

In addition, the activity of ex-
citable physiological systems is 
usually a higher-order function of 
time. Crude signals, whether ini-
tially electrical in nature or trans-
duced mechanical events, must be 
subjected to differential analysis 
for isolation and measurement of 
variables. In many instances the 
initial determination of parameters 
of pathologic or pharmacodynamic 
significance awaits such an ap-
proach, however empirically uti-
lized. 
Such requirements for prior op-

erational analysis exist in most 
fields, and the term information 
processing should be used generi-
cally to describe the procedures 
of information-to-data conversion. 
Let's not restrict it to the jazzed-up 
all-solid-state fumbling through the 
reprint file. 

HENRY STUDE JR. 
NEWARK, DEL. 

We've always felt that the deriva-
tion of meaningful data from raw 
information was amply described 
by all the terms reader Stude him-
self uses. We've also considered 
such specific techniques as auto-
correlation and Fourier analysis as 
falling under the general heading 
of data-processing. Since the term 
"information" calls up literal rather 
than numerical connotations, we 
were suggesting that the handling 
of literal data should be called "in-
formation processing," while the 
handling of numerical data would 
continue to be called "data proces-
sing." 
We still like the distinction. 
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SOLID-STATE 
PORCELAIN 
CAPACITORS 
... chosen for reliability by 

2LN. r-1-1 IC) IN i— FI cJ E"+"  

HOUND DOG'S 
Verdan 
Computer 

Vitramon0 Capacitors adapt easily 
to the printed circuit boards used in 
VERDAN. Note how square configuration 
and axial-radial design of capacitors permits 
flush mounting and easy insertion. Solid-state 
construction —fine silver electrodes molecularly 
fused with dense porcelain dielectric — give Vitramon® 
Capacitors outstanding stability, extremely low loss, and 

high pulse rate. 

Autonetics' air-borne VERDAN is an extremely high speed computer with relatively 
high capacity, great flexibility of application, and extensive input-output provisions. 
Occupying less than 11/2  cubic feet of space, VERDAN is designed with a general purpose 
section and a digital differential section, both of which share a common magnetic disk 
memory and have complete intercommunication. VERDAN was developed by Autonetics 
for its air-to-ground "Hound Dog" guidance control and REINS nay-bomb systems. 

*a division of North American Aviation, Inc. 

ti"•• 

VITRANION 
INCORPORATED 
BOX 544 • BRIDGEPORT 1, CONN. 
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Constructive discontent at Ampex... 
. has been setting instrumentation standards for years 

"Everything Ampex recorders stand for — service, quality, 
reliability, technological leadership — stems from this atti-
tude. 

"The first commercial live-quality' audio recorder was de-
veloped by Ampex because of the disc record's fidelity draw-
backs. Discontent with the capabilities of all data recorders 
using visual traces spurred Ampex's evolution of special pur-
pose magnetic tape data recorders. Frequency limitations 
bothered us, so we gave you the 4-megacycle FR-700. 

"A need for compact equipment with high performance 
caused us to introduce the CP-100 — a transistorized 200 kc 
14-track data recorder less than 7 cu. ft. small. Striving for 
versatility and high efficiency, we perfected the FR-600; it 
records 500 kc at 120 ips — double the previous standard, 
but still fully compatible. 

Alexander M. Poniatoff, Founder and 
Chairman of the Board of Ampex Corporation, 

discusses magnetic tape recorders: 

"And we were even constructively discontented with the way 
we made these advanced recorders available to you. Now, 
Ampex instrumentation recorders can be leased or purchased 
on time as well as outright. You can free working capital for 
other projects, and invest in your Ampex data recorder as it 
works for you." 

Some significant specifications: 
AR-300, FR-700: 10 cps to 4 mc ± 3 db; 12 1/2  and 25 ips record 
and playback. FM recording. Two data, two auxiliary tracks. 
2" tape, 101/2 " reels. AR-300 airborne record only. 
CP-100: 300 cps to 200 kc ± 3 db at 60 ips; 60, 30, 15, 71/2 , 33/4, 

ips with proportional response. Direct or FM recording. 
All-transistorized. 1/2 " or 1" tape, 101/2 " reels. 
FR-600: 300 cps to 500 kc ± 3 db at 120 ips; 60, 30, 15, 71/2 , 
33/4, 17/8 ips with proportional response. Direct, PDM or FM 
recording by plug-in modules. 1/2" or 1" tape, 101/2 " or 14" 
reels. 

For detailed information'on the complete Ampex line of data recorders, write: 

AMPEX INSTRUMENTATION PRODUCTS COMPANY 

Box 5000, Redwood City, California 

Experienced engineers eager to contribute to Ampex's pioneering reputation are invited to write the Manager, Technical Recruiting. 

AIVIPIEX 



TRUE RMS Voltmeter 
with 

ACCURACY 
measures wide range of 
vv /\ Waveforms 

BALLANTINE model 350 
features: 
• High accuracy achieved on waveforms in which peak voltage may be as much 

as twice the RMS. Not limited to sinusoidal signals. 

• Left-to-right DIGITAL READ-OUT. Fast, simple nulling operation consists of 
selection of decade range by push-button, and adjustment of four knobs for 
minimum meter indication. These operations attenuate the input signal to a 
predetermined value, causing a bridge circuit to be balanced by changing the 
current through a barretter. 

• Temperature-controlled oven contains the barretter and an ambient tempera-
ture compensating resistor. Effect of ambient temperature changes is less than 
0.005%/° C from 20° C. 

• Proper NIXIE digit is lighted automatically while bridge is being balanced. 
No jitter. 

• Rugged, accurate. Doesn't require the extreme care of many laboratory stand-
ard instruments. No meter scales to read. Useful for laboratory, production 
line, and in the field. 

specifications: 
VOLTAGE RANGE: 0.1 to 1199.9 V 

FREQUENCY RANGE: 50 cps to 20 kc 

ACCURACY: 1/470 0.1 to 300 v, 100 cps to 10 kc; 
1/2% 0.1 v to 1199.9 v, 50 cps to 20 ke POWER: 

$720 

INPUT IMPEDANCE: 2 megohms in parallel with 15 
pF to 45 pF 

60 watts, 115/230 v, 50 to 400 cps 

Available in Cabinet or Rack Models 

Write for brochure giving many more details 

— Since 1932 

dàr  BALLANTINE LABORATORIES 
Boonton, New Jersey 

INC. 

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS. REGARDLESS or YOUR REQUIREMENTS FOR AMPLITUDE, FREQUENCY. OR WAVEFORM. WE HAVE A LARGE 
LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC AND DC/AC INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT.READING CAPACITANCE METER, OTHER ACCESSORIES. 

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1.000 MC. 
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Look at the many different 

POWER INSTRUMENTS 
MEASURING 

Sierra offers you now 

Model 160 50-ohm Coaxial 
Loads 

Now including Models oper-
ating to 11 KMC, Sierra 160 

Series low VSWR termina-

tions may be used when stable 

50 ohm loads are required. 

Featuring rugged design, 

high stability at full rated 
power, the loads have a typi-

cal VSWR of 1.2. All models 

are air-cooled and complete 
shielding insures personnel 

safety. Models with power 

capacities of 1, 5, and 20 
watts are available with N, C 

and BNC connectors. 100 

and 500 watt models are pro-

vided with Type N connec-
tors. $20.00 to $170.00. 

Model 185A Average-
Reading Termination 
Wattmeters 

Sierra 185A series are partic-

ularly useful in terminating 

rf coaxial transmission sys-

tems, measuring average 

powers between 20 and 1,000 

MC, and as dummy loads for 

testing and adjusting CW 

and FM transmitters and os-
cillators. Three models with 

maximum power dissipation 

of 15, 100 and 500 watts, and 

power ranges of 0 to 5/15, 0 

to 30/100 and 0 to 150/500 

watts, respectively. Accuracy 

is ± 5% and VSWR is 1.2. 
Female Type N connectors. 

Model 185A-15FN, $170.-
00; 185A-100FN, $260.00; 

185A-500FN, $315.00. 

Model 164A Average 
Power Monitors 

Sierra 164A Series Bi-Direc-

tional Power Monitors are 
now available with plug-ins 

down to 2 MC. Four plug-

ins provide full scale ranges 

of 1, 5, 10 and 50 watts 
through frequencies 25 to 

1000 MC. Two medium-

power units provide full scale 
ranges 10, 50, 100 and 500 

watts, 25 to 1000 MC. Two 

high-power units provide 

full scale ranges of 50, 100, 

500, 1000 watts, 2 through 

75 MC. Model 164 is now 
available with Type N, C, 

HN, UHF and LC connec-
tors. Model 164, $115.00; 

plug-ins, $70.00 to $170.00. 

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

Model 194A-A 
Bi-Directional Peak Power 
Monitor 

Covering the range 200 to 

1,215 MC, Sierra 194A-A 

Peak Power Monitor offers 

two important, time-saving 

features—peak power is read 
directly without computation 

and a reversible directional 

coupler permits incident or 
reflected power readings 

simply by turning one knob. 

Peak powers to 30 Kw are 

covered in 4 ranges. Meas-

urement accuracy is ± 10% 

full scale at pulse widths 
down to 0.1 ,usec or repeti-

tion rates as low as 10 pps. 

Minimum duty cycle 0.04% 
for specified accuracy. $460.. 

For complete details, see your Sierra Representative or write direct. 

SIERRA ELECTRONIC CORPORATION 
A Division of Phi/co Corporation 

6561A BOHANNON DRIVE. DAvenport 6-2060 • MENLO PARK, CALIF., U.S.A. 
Sales representatives in all principal areas. 

Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver. 
Export: Frazar & Hansen, Ltd., San Francisco, California. 6561 
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ELECTRONICS NEWSLETTER 

Study Advanced Techniques 

For Early Missile Warning 

ROME AIR DEVELOPMENT CENTER has 
contracted separately with five com-
panies for studies of new techniques 
for early detection of hostile ballis-
tic missiles. The contracts are cost-
sharing type, have gone to Loral, 
RCA, Raytheon, Sperry and Cutler-
Hammer's Airborne Instruments 
Laboratory division. 
Each company is attacking the 

whole problem individually. Two 
detection means known to be under 
investigation are infrared and an 
unconventional application of radar, 
perhaps of the Teepee type. Studies 
aim to balance effectiveness vs cost. 

Loral is teamed up with Barnes 
Engineering for i-r, Smyth Re-
search for upper-atmosphere stud-
ies, and A. D. Little for operations 
research and probably cryogenics. 
AIL is teamed with Aerojet-General 
for i-r and Jansky & Bailey for 
communications. 

Portions of the system may be 
airborne, may take advantage of the 
fact that supercooled infrared sens-
ors high in the stratosphere can see 
a hot body at quite a distance. Suc-
cessful techniques developed by the 
studies are expected to augment the 
existing ballistic-missile early-
warning system and the planned 
Midas detection satellite rather 
than replace them. 

Loop Antennas to Probe 

Low-Frequency Earth Currents 

BURIED LOOPS six feet in diameter 
and wound with 130 miles of nylon-
coated copper wire will be used by 
scientists at National Bureau of 
Standards' Boulder, Colo., labora-
tories to pick up faint low-fre-
quency electromagnetic pulses in 
the earth. Pulses were first detected 
more than a hundred years ago, are 
of unknown origin, are probably 
associated with influx of electrically 
charged particles in the upper at-
mosphere. The pulses are found all 
over the world, but with highest 
concentration in the Arctic and 
Antarctic auroral zones. 

Giant loops will also be used to 
study extra low-frequency sferics 

caused by lightning, and high-am-
plitude earth currents occurring 
from one to three minutes apart 
which are thought to result from 
bombardment of the upper atmos-
phere by charged solar particles. 

First of the loops will be used 
near Boulder. Second will be sent 
to Peru for use by another NBS ex-
perimenter. Another half-dozen are 
being assembled for use in two 
portable stations. Information 
picked up by the loops may help 
trace the complicated sun-earth en-
ergy exchange, closely linked to 
global weather patterns. 

Chicom Tv Network 

Adds Ten Stations 

PEKING RADIO said last week that 
the Chinese Peoples Republic now 
boasts a total of 29 television sta-
tions, of which 10 were completed 
in 1960. Seven of the stations are 
on a regular broadcast schedule; 16 
others are still in the experimental 
stage. Besides conventional pro-
gramming, the Peking station has 
started a Tv University offering 
courses in math, physics, chemistry, 
as well as preparatory courses. 

Microwaves Will Change 

Some Industrial Processes 

MICROWAVE HEATING engineers were 
predicting this week that new ap-
plications of microwave will radi-
cally change some industrial proc-
esses before the end of 1961. 

Raytheon's applications develop-
ment group is building a conveyor-
belt microwave irradiation system 
for sterilizing animal foods used in 
a Boston breeding laboratory. Also 
being developed are units for mak-
ing skinless frankfurters, curing 
rubber, drying lumber, softening 
plastics for extrusion. 
Food processors have been con-

tinually interested in microwave 
heating as a means for partial de-
frosting of bulk-frozen foods which 
have been transported a long dis-
tance and must be repackaged for 
consumer sale. 

Principal stimulus to the indus-
try comes from lowering of equip-

ment costs to meet competition of 
other heating methods. Another 
stimulus is discovery of more mate-
rials that conduct heat badly but ab-
sorb microwave energy. Raytheon 
now concentrates on equipment in 
the 2,450-Mc region, may move to 
915 Mc for applications requiring 
greater depth of penetration. 

Station WWV Changes 

To Pulse Time Code 

AT 0000 UNIVERSAL TIME on Jan. 1, 
National Bureau of Standards re-
tarded the time signals broadcast 
from radio stations WWV and 
WWVH by five milliseconds, and at 
the same time resumed broadcast-
ing on WWV a special timing code 
which gives day, hour, minute and 
second (UT) in binary code. The 
5-ms retardation brought the time 
signals into closer agreement with 
other standardized f requency 
broadcasts. The pulse timing code 
had been tried out for several 
months in 1960, is now permanent. 

United Kingdom and the U. S. 
have been coordinating time and 
frequency transmissions since early 
in 1960. The correction matches 
the UK and U. S. transmissions; 
further corrections will be made as 
infrequently as possible and prefer-
ably at the start of a new year. 
Time signals are locked in the 
broadcast frequency. In 1961, NBS 
plans to maintain the frequency 
stable to 1 part in 10" and at the 
same offset value as before: —150 
parts in 10" with reference to the 
U. S. frequency standards. 

New Industrial Instruments 

Developed in USSR 

SOVIET CONCENTRATION on direct ap-
plication of scientific achievements 
to industry produced two new in-
struments last week. 
One was a portable spectrometer 

using radioactive thulium-170 
which can determine the chemical 
composition of a mineral in 15 or 
20 minutes. USSR Academy of Sci-
ences Institute of Geology says the 
unit's chief value arises from its 
small size and its simplicity by 
comparison with conventional X-ray 
spectrometers. Thulium-170 is val-
uable in gamma radiography. 
The other instrument, reported 
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by researchers of the Machine 
Building Institute of the Soviet 
Academy, was an X-ray microscope 
with a magnifying power of 2,000 
diameters. 

Advisory Group Studies 

Space Frequency Allocations 

SPECIAL STUDY of the frequency al-
locations problem in space commu-
nications has been undertaken by 
the Joint Technical Advisory Com-
mittee at the request of the Fed-
eral Communications Commission. 
JTAC, which is sponsored jointly 
by Institute of Radio Engineers and 
Electronic Industries Association, 
will look into both national and in-
ternational aspects of the problem. 
Chairman of the study committee 
will be retired Army general J. D. 
O'Connell of General Telephone & 
Electronics. 

Study will deal specifically with 
the problems posed to the industry 
by FCC's inquiry into the alloca-
tion of frequencies for space com-
munications. 

Seek New Power Sources 

In Sun, Wind, Tides 

SCIENTISTS on both sides of the Iron 
Curtain are pursuing the search 
for exotic power sources. A. N. 
Nesmeyanov, who, as president of 
the Soviet Academy of Sciences, is 
the top scientific bureaucrat in the 
Soviet Union, last week outlined 
1961's scientific goals in Pravda. 
He said "Research work should be 
done on power generation from the 
sun, wind, tides and geothermic 
phenomena, but the main effort 
must go to harnessing the poten-
tial energies of nuclear transforma-
tions." 
He mentioned controlled thermo-

nuclear processes as the "new task," 
added that other huge energy-re-
leasing processes in nature must be 
studied, such as cosmic rays, anti-
matter reactions. 

Meanwhile, in the U. S. ITT had 
trouble suppressing speculation 
about the success of its project in 
electrostatic confinement processes 
for thermonuclear plasmas, and Na-
tional Aeronautics & Space Admini-
stration contracted with General 
Electric to force a breakthrough in 
high-temperature materials to find 

a way to store heat energy collected 
from the sun. The energy is needed 
to produce electrical power in satel-
lites while they pass through earth's 
shadow, might also lead to a trans-
ducing material to change the fierce 
heat of reentry into some more 
needed form of energy such as lift 
or propulsive power. Silicon is 
among materials to be investigated; 
the heat storage method is being 
sought for use in solar thermionic 
conversion systems. 

Soviets Develop 

Biostimulator 

SOVIET MEDICAL RESEARCHERS are 
working on development of a "uni-
versal biostimulator" which would 
use tape-recorded signals to stimu-
late activity in the heart, brain and 
other organs. The device is a fur-
ther development from an electrical 
cardiostimulator now in use in Mos-
cow clinics. 
Rhythmic action of the heart is 

due to pulses of current generated 
in the cardiac muscle, transmitted 
from the atria to the ventricles. 
Pulse recurrence is from 70 to 76 
pulses a minute in normal healthy 
activity; the eardiostimulator can 
simulate this electrical driving sig-
nal at a rep rate varying from 20 to 
200 cps in cases of malfunction or 
dysfunction where the heart is 
stopped. 
The expanded version will not use 

artificially produced square waves, 
as the cardiac device does. Pre-
taped action potentials tapped off 
healthy organs in various func-
tional states will be taken from 
donors and used to stimulate or 
regulate muscular activity for any 
or all body organs. 

Automatic Grid Flights 

Check Air Navaids 

FEDERAL AVIATION AGENCY last 

month released details on its SAFI 
project (semiautomatic flight in-
spection) by which electronic tech-
niques will help ensure the safety 
of air travel. System was devised 
by Airborne Instruments Labora-
tory division of Cutler-Hammer. 

Five Convair aircraft operated 
by FAA are jampacked with elec-
tronic gear-11 vhf omnirange re-
ceivers; 11 Tacan sets; 4 distance-

measuring equipment sets; a range-
beacon receiver; vhf and uhf com-
munications gear; two input-pro-
gram tape readers; one analog and 
two digital output-data tape record-
ers; digital control and conversion 
equipment. Multi-couplers and com-
mutators permit three common an-
tennas on each craft to handle all 
basic system functions. 
Program tapes are prepared by 

a groundbased IBM704 computer; 
these tapes work into AIL control 
devices to navigate the planes along 
a grid which covers the U. S. The 
same tape works into other auto-
matic devices to tune the navaid re-
ceivers to the proper channel at 
preselected points along the way 
and compare the received signal 
with precomputed signal values to 
detect gross bearing errors. The 
received navaid signals are sampled 
and recorded in digital form for 
later detailed analysis on the 
ground by the groundbased data-
processing system. 

Electronic Vote-Count System 

Enters Production Stage 

ELECTRONIC TECHNIQUES count the 
ballots in a system developed by a 
Butler County, Ohio, election official 
and tested in Ohio last year. The 
system lets a voter check his choices 
and change his mind. 

Voter slips a punch-card ballot 
into the 36-lb machine, turns a knob 
to bring the name of the candidate 
he favors into view, then pushes 
a button to punch a hole indicating 
his choice. An audible click reports 
the punch. Voter may remove the 
card to check his vote. He may sub-
stitute and repunch a fresh ballot 
to replace a spoiled card. Control 
of ballot stays in his hands until 
he deposits it in box. 

After polls close, cards may be 
run through any standard tabula-
ting machine. One such prepared 
87-page analysis of one Ohio 
county's 80,000 votes in 37 minutes 
last month. System was officially 
used in two Ohio precincts last 
spring. 

Large-scale production began last 
month with unit cost set at $625. 
Small size of the device means low 
storage costs, high mobility. Ma-
chine provides individual physical 
record of all votes, in case of de-
mands for a recount. 
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ANY SWITCHINI; COMRINATIM 
FROM SPSTtoTPOT 

with Centralab Switch Type Variable Resistors 
CENTRALAB engineering took the conventional Model 2 composi-

tion variable resistor and developed these ingenious switching 

arrangements not available previously, with ratings up to 6 amps, 

125 VAC. For use as single, dual concentric, or twin units, they are 

especially suitable for high fidelity and stereo, radio, television and 

phonograph applications. The use of these push-pull, push-push, 

and slide-switch units reduces the number of front panel controls, 

simplifies operation, and reduces component handling. 

MODEL 2 VARIABLE RESISTOR 

SPECIFICATIONS 

Rating 1 2 watt; Size 15 16" diam. 

Resistances: 200 ohms to 10 megahms. 
any taper 

SLIDE SWITCH SPECIFICATIONSPUSH-PULL, PUSH-PUSH SPECIFICATIONS 

Mounting Depth: 21/32" from control surface, in any desired Mounting Depth: push-push; 29/32" from control surface 
radial position for easy assembly of leads push-pull: 23/6" from control surface 

Switch: Positive or spring return styles, 'A, 1, 3 or Switch: SPST, 3 amp, 125 VAC 
6 amp, SPST to TPDT. 125 VAC 

Cen 
B-6040 

ELECTRONIC SWITCHES • VARIABLE RESISTORS • 

Industrial quantities of push-pull and push-push types available for immediate 
delivery at factory prices from your near-by CENTRALAB industrial distributor. 

The Electronics Division of Globe-Union Inc. 
914A East Keefe Avenue • Milwaukee 1, Wisconsin 
Centralab Canada Limited • Ajax, Ontario 

CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS • ENGINEERED CERAMICS 
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BARNSTEAD 

DESCRIBED IN NEW 
CATALOG #160 

DEMINERALIZERS 
FOR ALL 

INDUSTRIAL 
APPLICATIONS 

r;er-eneirgICMID 
R DEMINERALIZERS root INDUSTRY 

This NEW 36-page Catalog features 
the complete line of Barnstead Mixed-
Bed, Two-Bed, and Four-Bed Demin-
eralizers with capacities of up to 2500 
gallons per hour and more . . . built 
to your specifications. A special sec-
tion of interest to Nucleonic and 
Electronic engineers is devoted to 
Barnstead "Train" equipment which 
produces ultra pure water of 18,000,000 
ohms resistance at 25° C. This Pure 
Water equipment connected in series 
also removes organics, inorganics, 
bacteria, gases, and submicroscopic 
particles down to 0.45 micron. Other 
sections are devoted to Barnstead 
Tin-Lined Piping, Fittings, Faucets, 
Purity Meters, Storage Tanks, Sand 
and Carbon Filters, Submicron Fil-
ters, and other auxiliary equipment. 

Installation case histories of Barn-
stead "Pure Water Specials" are 
also described and illustrated. 
Charts, specification drawings and 
actual on-job installations are de-
tailed. Write for your copy of 
Catalog #160 Today! 

fllarlisteaLd 
STILL AND STERILIZER CO. 

84 Lanesville Terrace, Boston 31, Mass. 

BOSTON NEW YORK CLEVELAND 
JAmaica Kingsbridge ACademy 
24490 8-1557 6-6622 
CHICAGO PHILADELPHIA WASHINGTON, D.C. 

ROgers Park BRoadway District 
1-6173 9-3146 7-1142 

LOS ANGELES SAN FRANCISCO DETROIT 
RYan TEmplebar ENterprise 
1-6663 2-5391 7422 

FIRST IN WATER PURIFICATION 
SINCE 1878 

WASHINGTON OUTLOOK 
INCOMING ADMINISTRATION of President-elect Kennedy will continue the 

military-civilian division of the nation's space program. The Pentagon 

will retain control over projects related to the national defense; National 
Aeronautics & Space Administration will remain in charge of all other 

projects. Proposals to merge both aspects of the program under a com-
mon management have been rejected—at least for the time being. 
The new administration intends to improve the coordination between 

the Defense Department and NASA, and to halt the costly rivalry and 
duplication of effort between the two agencies, by clamping a strong 
central direction on the overall program. The centralization will come 
from the National Aeronautics & Space Council, an interagency body 
authorized by Congress over two years ago. 

Vice President-elect Lyndon Johnson, who has shown considerable 
interest in the space question in the Senate, will head the revivified coun-
cil. An executive director and technical staff will also be named. Council 
membership includes the Secretary of State, Secretary of Defense, NASA 
Administrator, Atomic Energy Commission chairman, one member 
appointed by the President from another government agency, and three 

non government scientists or engineers. 
The Space Council was first set up in the furor following the Soviet 

launching of the first sputnik. It met once or twice in 1958, but never 
played the decisive policymaking role that Congress intended. Kennedy 
advisors see the council as a means of meshing the military and civilian 
sides of the space program into an integrated operation while avoiding 
a heated argument over domination of space efforts by the military. 

MAJOR DECISION the Space Council will have to come to grips with right 
away is the role government should play in commercial space projects. 
Industry wants a quick decision on several questions. One is which micro-
wave frequencies are to be assigned for space use; Federal -Communica-
tions Commission decisions so far have irritated both common-carrier 
communications companies and users of private microwave. Other ques-
tions: who will be allowed by the federal government to put up satellites; 
how much of the cost should be borne by the government. 
The council will also have to settle the feud between the Pentagon and 

NASA over 'vho is to handle what aspects of communications satellite 
development. NASA is pushing heavily into active communications satel-
lite work, hitherto the Army's concern. The space agency has been author-
ized a $50-million supplemental appropriation request for the current year 
to finance its program. 
NASA wants to put a 120-lb active satellite in orbit during the 1962-63 

period. The initial plan is for only one vehicle in orbit at that time, but • 

a backup satellite has been ordered. 

The space agency's plan for a passive communications satellite system 
calls for orbiting 20 spheres equally spaced in two orbital planes. The 
passive systems are scheduled to be launched by 1963 into 1,500-mile 

orbits, are expected to have a 15-20-year life. NASA anticipates a relia-

bility figure for the network of 99 percent. 

FIRST SIGN of an intensified Pentagon campaign to terminate so-called 
marginal research and development projects is the Army's cancellation of 
Republic Aviation's contract for development of the SD-4 unmanned 
aerial surveillance system. About $34 million has been spent on the proj-
ect since 1957. The Army says some of the ground and airborne guidance 
packages and radar equipment will be used in other surveillance projects. 
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A special breed of generalist for Space Technology Leadership 

America's dramatic accomplishments in space technology are made possible not only by developments in science, but by advances 

in technical management concepts. A new type of generalist has emerged to meet the demands of systems engineering and 

technical direction of complex missile and space projects. This technical manager combines a broad knowledge of science and 

engineering with the leadership capability to fuse the disciplines of creative specialists into a dynamic, effective team • In its six 

years as a principal contractor for the Air Force, NASA, and ARPA, STL's hard core of technical management generalists has set 

the pace in developing new members of this very scarce breed * Their unique ability is the prime asset in Space Technology 

Leadership • Scientists and engineers who would add this new management dimension to their professional careers are invited to 

submit their resumes to STL, where they will receive meticulous attention. 

SPACE TECHNOLOGY LABORATORIES, INC. P.O. BOX 95005J, LOS ANGELES 45, CALIFORNIA 
a subsidiary of Thompson Ramo Wooldridge Inc. 

El Segundo • Santa Maria • Edwards Rocket Base • Canoga Park 4 Cape Canaveral • Manchester, England • Singapore • Hawaii 

v 
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DEFINITELY DEPENDABLE! 

Aerocom's Dual Automatic Radio Beacon 

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

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

Nominal carrier power is 1000 watts. 

3090 S.W. 37th AVENUE 

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

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

Antenna may be either vertical tower 
or symmetrical T type. 

,1-i',..c.,e)•£,) 

Also available in 
50 WATT 

100 WATT 
400 WATT 

and 
4 KILOWATT 

models 
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insight 
at 

60 milliseconds 

ego 

recorded with Brush operations 
monitors. Multiple high-speed 
events are reported in writing 
within 4 milliseconds of occur-
rence—to establish the basis for 
split-second, million dollar de-
cisions necessary in today's com-
plex control systems. Up to 120 
separate "on-off" event signals 
are monitored and permanently 
recorded on a chart only 12" 
wide. Fixed-stylus electric writ-
ing provides sharp, reproduc-
ible traces of uniform clarity. 
Chart speeds from one to 250 
mm/sec permit a precise inter-
pretation of all events, with 
resolution up to 500 signal 
changes per second. For military 
or industrial analysis and control, 
no direct writing recording sys-
tem can match the capabilities 
of Brush Operations Monitors. 
Write today for complete speci-
fications and application data. 

!crush INSTIL-LIM ENrrs 
37T. AND PERKINS 

DIVISION Of 

CLEVITE CLEVELAND 14. OHIO 



in direct 

writing 

systems 

only Brush 
eliminates 
compromise 
Avoid a "second best" choice. Get exactly what you need. Only Brush permits 
selection of . . . Writing Method . . . ink, electric or thermal . . . 
Trace Presentation . . . curvilinear or rectilinear . . . Configuration . . . vertical or 
horizontal, rack mounted or portable models. Also . . . chart speeds from 
50"/sec to 10"/day . . . functionally designed control panels . . . readily accessible 
components for fast inspection, simple adjustment . . . complete, easy to understand 
operating manuals. Get the industry's most advanced design concepts. You never need 
compromise when you specify Brush. Complete information at your request. 

brush IN s-rrtumENrrs 
37TH AND PERKINS 

DIVISION OF 

CLEW= 

C OOOOOO • 10.1  , 
CLEVELAND 14, OHIO 



here, 

there 

almost everywhere 

Members of the specially trained, 70-man field auditing staff of the 

Audit Bureau of Circulations* make regular calls on 2,900 publi-

cations . . . ours included . . . located in almost as many places. 

The ABC auditor's call might last a day, a week, or even several 

months . . . just as long as it takes him to make a complete audit 

of our circulation records and obtain the information about our 

circulation audience that ABC will later publish. 

Actually, he is working for you — our readers and our advertisers. 

Knowing full well that we will stay in business only so long as our 

publication continues to serve the interests of our readers, this 

audit of our paid circulation provides us with a regular and ob-

jective review of how well you think we are doing. 

Knowing full well that sales messages must reach a responsive 

audience in order to be effective, our advertisers are also interested 

in the ABC auditor's call. The hard, and sometimes cold, facts he 

reports about our circulation provide you with an informed basis 

for investing your advertising money. 

Yes, the ABC auditor has been here . . . and he will be here again, 

calling to check on how well we are doing our job and to provide 

the facts to help us and our advertisers do even better. 

electronics 
A McGRAW-HILL PUBLICATION • 330 W. 42nd ST. • NEW YORK 36, N. Y. 

* This publication is a member of the Audit Bureau of Circulations, an association of nearly 4,000 
publishers, advertisers, and advertising agencies. Our circulation is audited by experienced ABC field 
auditors. Our ABC report shows how much circulation we have, where it goes, how obtained, and 
other facts that tell you what you get for your advertising money when you use this publication. 
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ALL UNITS ACTUAL SIZE 
MARKETING 

KOOLOHM 
TW 

nisi» 
INSULATED SHELL 
POWER RESISTORS 

Sprague's Koolohm Resistors are de-
signed to meet military and industrial 
requirements for insulated power 
wirewound resistors that will per-
form dependably. 
New axial-lead Koolohm con-

struction features include welded 
leads and winding terminations. Ex-
clusive Ceron® ceramic-insulated re-
sistance wire, wound on special ce-
ramic core makes possible multilayer 
non-inductive windings and extra-
high-resistance-value conventional 
windings. Dense, non-porous ceram-
ic outer shells provide both humidity 
and mechanical protection for resist-
ance elements. All resistors are aged-
on-load to stabilize resistance value. 
The advanced construction of 

these improved Koolohm Resistors 
allows them to operate at "hottest 
spot" temperatures up to 350°C. 
You can depend upon them to carry 
Inaximum rated load for any given 
physical size. 
Send for Engineering Bulletin 7300A 

for complete technical data. 

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

SPRAGUE® 
THE MARK OF RELIABILITY 

EIA Head Sees 6% Sales Rise In '61 

WHAT LIES AHEAD in electronics 
production and marketing is 
brought into focus by the 1960 
yearend statements of L. Berkley 
Davis, president of Electronic In-
dustries Association. 
"The electronics industry gener-

ally should have another good year 
in 1961," said Davis. "While its 
short-term outlook is somewhat ob-
scured by uncertainties over the 
state of the national economy, we 
can expect total electronics sales to 
be strongly supported by increases 
in defense requirements and steady 
expansions in the industrial elec-
tronics market." 

Davis also expressed the belief 
that the sales prospect for consumer 
goods will be substantially bright-
ened if the Federal Communications 
Commission soon establishes trans-
mission standards for stereophonic 
f-m radio broadcasting. 

According to the latest informa-
tion gathered by the EIA marketing 
data department, electronics as an 
industry will run counter to trends 
in some major U. S. industries by 
establishing a new all-time high in 
factory sales when all yearend re-
ports are tabulated for 1960. This 
year's record will continue the trend 
of the last decade, which has seen 
every year end with higher sales 
totals irrespective of the general 
national economy. 
According to the Association 

president, total 1960 electronics 
factory sales are estimated at $9.75 
billion, a rise of six percent over 
1959 and 3.75 times the figure of 
1950. Davis believes 1961 will see 
a six-percent rise to $10.3 billion. 

Three of the industry's principal 
segments set new sales peaks dur-
ing 1960 while the fourth matched 
its 1959 levels. EIA, in releasing 
these figures, estimates the 1961 
pattern will be about the same. 
Figures in millions of dollars are: 

1959 1960 Change 
Consumer .. $2.0 $2.1 up 5% 
Industrial .. 1.6 1.75 up 9% 
Military .... 4.7 5.0 up 6% 
Replacement 0.9 0.9 None 

1961 
$2.2 
1.9 
5.3 
0.9 

Change 
up 5% 
up 8% 
up 6% 
None 

$9.2 $9.75 up 6 %$10.3 up 6% 

Television set sales, traditionally 

the largest part of the consumer 
electronics market, account for ap-
proximately 40 percent of this seg-
ment of the industry, the EIA state-
ment says. About 20 percent of the 
dollar volume of consumer sales was 
chalked up by phonographs; an-
other 20 percent represents radio 
set sales. 
The report indicates that radio 

sales are substantially ahead of last 
year, with auto radios up perhaps 
as much as 15 percent. Radios with 
f-m tuners continued to grow in 
popularity and to increase the f-m 
share of the market. Stereo phono-
graph sales jumped substantially, 
said Davis, offsetting the 1959 de-
cline in sales of monaural gear. The 
1960 increase put the record-player 
business ahead of its 1959 sales 
totals. 

Davis said EIA does not share 
the common view that consumer 
electronics offers few opportunities 
for growth beyond what might be 
expected from population expan-
sion. He said new products on the 
verge of commercial reality offer 
promising opportunities, specifically 
mentioning electronic ovens, elec-
tronic home safety devices, and 
what he termed "electronic devices 
of convenience such as equipment 
for rapid automatic defrosting of 
refrigerators." 
"We are just be_ginning to think 

creatively about new opportunities 
in the non-entertainment home elec-
tronics field," he said. "For in-
stance, experimental equipment now 
exists which will enable the house-
wife to prepare meals without effort 
by feeding punch cards into house-
hold versions of industrial process 
control systems. 

The nine-percent rise in indus-
trial electronics in the year just 
ended was due in large part to gains 
in sales of computing and data-
processing equipment for business 
and scientific applications, accord-
ing to Davis; he added that sales 
volume in this area is approaching 
the half-billion dollar point. Navi-
gational aids, industrial controls 
and testing equipment also con-
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tributed importantly', he said. 
More than half of the industry's 

sales continue to be in military 
products. The year 1960 saw only 
a moderate increase from $4.7 bil-
lion to $5 billion, however. EIA at-
tributes this to a variety of factors 
such as the substantial completion 
of DEW line, the Mid-Canada Line, 
the Pine Tree Line, and other ele-
ments of continental defense. 
"On the other hand," says Davis, 

"introduction of new weapons sys-
tems in larger quantities, such as 
Polaris, Atlas and Titan, constitute 
a major pressure toward growth." 
Although military spending for 
1960 was little changed from 1959, 
the outlook, according to E IA, is for 
increased military products sales 
during 1961 and into the foresee-
able future because of demands for 
more sophisticated missile systems 
and control communications nets, 
and developments in civil defense 
and exotic weapons. 

Davis said that the industry's 
gain in business, although falling 
short of expectations, would see a 
breakthrough into the $10-billion 
level when the 1960 tally is com-
pleted. He attributed the less-than-
optimum gains to softening U. S. 
business and severe competition 
from "low-wage foreign producers, 
particularly the Japanese." He said 
imports of consumer goods from Ja-
pan should be regarded as an initial 
assault and predicted further mar-
ket penetration. 

Thousonds 
of 

Uruts 

450 

400 
PA 

• 
300 

250 'Ri 
II 

350 

200 

150 

100 

50 

0". 

FIGURES OF THE WEEK 

Production 
Rodio Sets Total....—. Week of 12-23 
TV Sets ... /be MEE. FIA 

"to Sets ildilliiiIIIIIII i V i 
i 1 Ii... 

' t 1 % 
I let 
e III 

il ii I 
I • 

271 

2 
82 

D FMAMJ JASON DEC 

1960 

ANNOUNCING-

ANOTHER El FIRST! 

The Model 230 

TAPE-PROGRAMMED 
CABLE HARNESS ANALYZER 

• Automatic Testing by Tape Control 
• Search and Fault Print-Out 
• Capacity up to 9600 Wires 
• Each Leakage Circuit Tested to All Others 
• 100% Branch Testing Capabilities 

CTI has scored another successful breakthrough in the chal-
lenging problem of cable harness testing . .. with the Model 
230 Tape-Programmed Cable Harness Analyzer. This is the 
most flexible testing unit yet designed for programming and 
performing accurate tests on cable harnesses. Operation is 
fully automatic and unattended. Simultaneous programmable 
continuity and leakage measurements with go/no-go pre-
cision bridge tests assure accurate analysis. Any combination 
of branch or standard circuits can be selected. A unique 
-Search-Out- feature provides a printed record of test failures 
and the actual location of all circuits associated with each 
failure. Test circuit capacity of up to 9600 wires is available 
in 600 wire switch unit increments. Engineering changes in the 
cable harness under test are quickly handled by paper tape 
programming. Programming costs are minimized. The CTI 
Tape-Programmed Cable Harness Analyzer enhances com-
petitive position by speeding testing operations and by assur-
ing the quality of products. 

Write for full information 

CALIFORNIA TECHNICAL INDUSTRIES 
DIVISION OF TEXTRON INC. 

BELMONT 5, CALIFORNIA 

Foremost in Automatic Testing 
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IMPROVEMENT 
The AMPHENOL Poke "R" connector provides users 

with a markedly improved MIL-C-5015-type connector. 

Through the employment of the AM PHENOL-developed 

Poke Home contact concept*, Poke "R" contacts are 

crimped outside the connector, inspected and then 

inserted. Contacts may be removed from the 

connector at any time for /replacement or re-wiring. 
The reliability of crimping, the sureness of inspection 

and the speed of assembly all measure the improvement 

of Poke "R" over standard MIL connectors. 

Surpassing MIL-C-5015, connectors also meet 

the tough altitude-moisture resistance "bucket" 

test. In other respects, Poke "R" connectors 

are similar to MIL-C-5015 "R" types. 

29 inserts in 3 shell styles are available 
in the Poke "R" family. Catalog data is 

available for your use. 

U.N. PATENT 2,419,018 

/3 

MIL-C-5015-type 
POKE "R" 

CONNECTORS 

ONNECTOR DIVISION 
1830 S. 54TH AVE. • CHICAGO 50, ILLINOIS 

Amphenol-Borg Electronics Corporation 



Complete Sweeping Oscillator 
and Frequency Marker Systems 

•ze 
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• SWEEPING OSCILLATOR 

• FIXED "CRYSTAL." MARKERS 
s VARIABLE FREQUENCY MARKER 

VarïSwceps 
• Fundamental Frequency — No Spurious Beats 

• Built-in Attenuators • Direct Reading Frequency Dials 
• Stable Wide Sweeps . Stable Narrow Sweeps 

• 1.0 V into 70 ohms, AGC'd 

MODEL IF and MODEL RADAR 

4-120 MC VARI-SWEEP MODEL IF 
Frequency Range: 4 to 120 mc in six overlapping bands. 
Sweep Width: Continuously variable to maximum of at least 30 mc (above 
50 mc) or 60% of center frequency below 50 mc. 
Sweep Rate: Variable around 60 cps. Locks to line frequency. 
RF Output: 1.0 V rms into nominal 70 ohms (50 ohms upon request). 
AGC'd to It 0.5 db over widest sweep and over tuning range. 
Zero Reference: True zero line during retrace. 
Attenuators: Switched 20, 10 and 3 db: variable 6 db. 
Fixed Markers: Up to eleven, pulse-type, crystal-controlled markers at 
customer specified frequencies. Accurate to -±0.05%. 
Variable Marker: "Birdie pip" marker continuously variable from 2 to 135 
mc in 6 overlapping bands. Direct-reading frequency dial accurate 
to within -_L-1.0%. 
Marker Output: Approx. 5 V peak. Sweep Output: Approx. 7 V peak. 

10-145 MC VARI-SWEEP MODEL RADAR 
Same as Model IF in a different frequency range. 
Price: $995.00 f.o.b. factory, including cabinet and eleven crystal markers. 
$1095.00 F.A.S. New York 
Rack Mount deduct $20.00. 

WRITE FOR COMPLETE 
CATALOG INFORMATION. 

TWO UNIT SYSTEM 2-220 MC 

KAI" Vat/-Sweep 
Frequency Range (CW or Sweeping Operation): 
2-220 mc, 10 bands. Direct-reading dial. 
Sweep Width: Continuously variable to maximum 
of at least 30 mc (above 50 mc) or 60% of 
center frequency (below 50 mc). 
Sweep Rate: Variable, 10 to 40 cps; line lock. 
RF Output: 1.0 V rms (metered) into nom. 70 
ohms (50 ohms upon request). AGC'd to -t0.5 db 
over widest sweep and tuning range. 
Attenuators: Switched 20, 20, 10, 6 and 3 db, 
plus continuously variable 6 db. 
Price: $795.00 f.o.b. factory. 

$875.00 F.A.S. New York 

aciparVati-illarker MODEL H 
VARIABLE MARKER: (CW or "Birdie pip"). 
Frequency Range: 1.7 to 230 mc in ten over-
lapping bands. 
RF Level: 1.0 V rms into 70 or 50 ohms, metered. 
Flatness: db, AGC'd. 
Attenuators: Switched 20, 10, 6, 3 db, contin-
uous 6 db. 
Frequency Dial: Direct reading, accurate to -±1%. 
Marker Amplitude: Variable to 5.0 volts peak. 
HARMONIC MARKER: (Picket-fence pip or CW). 
Intervals: Switched 250 kc, 500 kc, 2.5 mc, 5.0 
mc, other frequencies can be specified. 
Accuracy: 0.01%. 
Price: $845.00 f.o.b. factory. 

$930.00 F.A.S. New York 
Other Van-Marker Models — Fixed and Vari-
able Markers. 

ICIAIr ELECTRIC COMPANY 

January 13, 1961 

DEPT E-1 ,IAPLE AVE.. PINE BROOK. NEW JERSEY CAPITAL 6-4000 
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Will Nike-Zeus Go Into Production 

By JOHN F. MASON 
Associate Editor 

BURLINGTON, N. C.—An early de-
cision on the future of the much-
debated Nike-Zeus program is now 
more likely than any time in the 
antimissile missile's five-year his-
tory. 

Whatever the conclusions reached 
by Congress, implications for the 
electronics industry are big. 

For the foreseeable future, ob-
servers say, salvation from attack 
lies in Zeus or nuclear-proof shel-
ters. Zeus is the only system in 
an advanced development stage for 
protecting the U. S. from enemy 
ballistic missiles. 

Cost of protecting the entire 
country has been estimated at $8 
billion. 
The Zeus project is a gigantic 

MAJOR NIKE-ZEUS 

Subcontractor 

Allis-Chalmers Mfg. 

Air Products, Inc. 

Armstrong Cork Co. 

A vco-Everet t Research 
Lab. Div. of Avco 

Bell Telephone Labs. 

Bomac Laboratories 

Burns and Roe 

Continental Can 

Continental Electronics 

Douglas Aircraft 

Doehler-Jarvis 
Div. National Lead Co 

Dow Chemical 

F.X.R., Inc. 

Goodyear Aircraft 

I.T.E. Circuit Breaker 
Co. 

Kaydon Engr. Corp. 

I.ear 

Arthur D. Little 

Messinger Bearing, Inc. 

Minneapolis-Honeywell 

Narmco Mfg. Co. 

Remington Rand Univac 

Sperry Gyroscope 

Steel Products Engineer-
ing 

Stromberg-Carbon 

Texas Instruments 

Thiokol Chemical 

Vickers, Inc. 
Div. of Sperry Rand 

Waterman Products 

Western Gear Corp. 

R&D SUBCONTRACTORS 

Westinghouse Electric 

Wheeler Laboratories 

Source: Western Electric 

Area of Effort 

Target tracking antenna 

Refrigerator for maser 

Acquisition radar 
dielectric 

Optical discrimination 

System design 

High power duplexer 
Facility design 

Tracking antenna mounts 

Acquisition radar 
transmitter 

Missile, booster, missile. 
handling and test 
equipment 

Wave guides 

Acquisition radar 
dielectric 

Rotary joints 

Acquisition radar 
antenna 

Rotary joints 

Bearing assemblies 

Stable platform 

Refrigerator system 
Radial bearing 

Accelerometers 

Target track antenna 

Computer. 

Target track radar 
transmitter 

Missile track radar 
antenna 

Test equipment 

Tactical displays 

Booster 

Target track antenna 

Oscilloscopes 

Gear reduction unit, 
drive gear 

Hydrodynamic bearing 

R-F plumbing 

industrial complex. Prime con-
tractor Western Electric has 34 
major subcontractors, and over 
7,500 suppliers. The program pres-
ently requires the efforts of ap-
proximately 11,000 employees at 
first tier subcontractor level, op-
erating in 41 states. 

Decision to put the Zeus system 
into production would involve 
more than 100,000 employees in the 
total effort. Responsible for the 
system is Army Ordnance Missile 
Command with the Army Rocket 
and Guided Missile Agency acting 
as technical supervisor. 

S. C. Donnelly, prime contractor 
Western Electric's project manager 
for Zeus, told ELECTRONICS in an 
exclusive interview where Zeus 
stands today, what more needs to 
be done before production, and how 
he is participating in hardware 
procurement for the R&D program 
now underway. 

Donnelly feels this to be a highly 
crucial moment for the Zeus pro-
gram. 

"There has never been a doubt 
on the part of Congress that we 
must have a defense against enemy 
ICBMs. And," he added, "there's 
no doubt in our minds that Zeus can 
knock down an ICBM and is ready 
to go into production. No compo-
nent nor capability required by 
Zeus is beyond the present state 
of the art." 
The program is on schedule, 

Donnelly said. A minimum amount 
of ground guidance and launch 
equipment is now ready and will be 
set up at the Army's missile range 
at White Sands, N. Mex., by the 
middle of 1961 to test the guidance 
and missile as an integrated sys-
tem. Due to the limited range at 
White Sands, the missile can not 
be turned loose to its full range. 

Concurrent with the White Sands 
development tests, a complete 
muscle flexing of the bird itself 
will be carried out in the upper 
atmosphere over the Pacific Ocean 
from the Navy's Pacific Missile 
Range at Point Mugu, Calif. 

In mid-1962, Zeus will be 
launched from the Navy's test site 

on the Kwajalein Island in the 
Pacific to intercept Atlas missile 
targets fired from USAF's Van-
denburg AFB, Calif. 

Kwajalein will have a complete 
Zeus installation including launch-
ing equipment, the four radars— 
acquisition, target tracking, dis-
crimination, and the Zeus missile 
tracking radar—data processing, 
telemetry, communications, and the 
elaborate test gear required for all 
this. 

Concurrently, a group in the As-
cension Islands will continue to 
take advantage of all targets of 
opportunity (including decoys) 
fired down the USAF Atlantic Mis-
sile Range from Cape Canaveral, 
Fla. The targets are monitored 
with radar, taped and fed into the 
target tracking radar at White 
Sands for study. 
Western Electric's contracts for 

R&D at the Bell Laboratories to 
date come to about $600 million. 
By 1964 the total for R&D will 
probably hit $1 billion. 
The big question is: when will 

production begin? And with what 
objectives—an all-out crash pro-
gram to defend the entire U. S. at 
a cost of some $8 billion or a 
stretched-out, piecemeal plan, re-
quiring less immediate appropria-
tions? 
To hold up production until the 

system is completely checked out 
would cause a serious delay, says 
Donnelly. The decision may be to 
initiate an interim production pro-
gram to begin in April and utilize 
the years that would otherwise be 
lost waiting for final test results. 
Cost over these years would run 
less than $2 billion to complete the 
probable sites started during this 
interim period. 
There are several advantages to 

the interim approach, according 
to Donnelly: we could defend a few 
strategic areas while building pro-
duction facilities and welding the 
nucleus of a field operational team. 
Western Electric has two pro-

duction planning contracts. Pur-
pose of the first was to determine 
what kinds of plans and machinery 

24 electronics 



This Year? 

would be needed to produce the 
equipment being developed. A 
number of specific problem areas 
were identified, calling for com-
pletely new production facilities. 

This led to a second production 
planning contract to evolve manu-
facturing techniques for new state-
of-the-art components and for com-
ponents never before produced in 
quantity. The latter includes such 
items as precision traveling wave 
tubes, super power klystrons, and 
high reliability transistors. Equip-
ment is being developed to auto-
matically wire circuit module as-
semblies by programmed controls. 

Manufacturing Zeus equipment 
will provide a market for computer 
supplies, resistors and transistors; 
for lens media for radar antennas 
and klystrons for transmitters, 
Donnelly said. 
A short and stocky, keenly alive, 

genial man. Donnelly is only con-
tent when dealing with the heart 
of the matter. 
Every three months, he holds a 

meeting with all subcontractor 
team managers. The conference is 
used as a guidance group which 
gives Zeus the benefit of the collec-
tive experience of all the companies 
represented. "We want to make 
sure we're all singing off the same 
sheet of music." 
One of the biggest problems in 

the Zeus program, Donnelly said, is 
keeping interest alive among his 
production engineers while waiting 
for production contracts. 

"You've got to give a man more 
than money to take home," Don-
nay said. "You've got to give him 
a sense of accomplishment, a chal-
lenge so he won't let down." 

Donnelly is exploring the use 
of data processing as an aid to 
managing the program. For the 
past six months the discrimination 
radar system has been handled in 
this way. 
The task Zeus must accomplish 

is formidable. It must detect and 
track small objects at great range 
and traveling at 15,000 mph. It 
must discriminate against decoys 
among clouds of targets. It also 

Nike-Zeus project manager S. C. Donnelly discuss R&D procurement 
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BUILDING 

Main elements of a Nike-Zeus Defense Center 
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must control the Zeus missiles it 
sends up to intercept the targets. 
The acquisition radar at a Zeus 

Defense Center consists of three 
arrays in a horizontal, triangular 
arrangement rotating 360 degrees 
in azimuth. Turning in synchro-
nization with the transmitter, the 
separate receiver is a large Lune-
berg lens with multiple, independ-
ent receiver horns. The Luneberg 
lens focuses the radar pulses re-
turning to the receiver from the 
incoming warhead. 
The large antennas used in the 

acquisition radar will bring to 
practical use for the first time the 
theories and concepts of focusing 
radar energy of great magnitudes, 
Western Electric says. The lens 
enables simultaneous tracking of a 

DECOYS 

AMU 

number of targets. 
The transmitter building is 

topped by an 80-ft wide triangular 
transmitter surrounded by a 660-ft 
diameter fence. The receiver is 
eight stories high. Forty-two rail-
road freight cars are needed to 
transport the Luneberg lens ma-
terial for each receiver. 
The rapid data handling required 

in the Zeus system is achieved with 
high-speed switching transistors. 
The computer's permanent memory 
device, called a "twister," is made 
of bar magnets and hair-thin wires 
wrapped with magnetic metal tape 
in barber pole fashion. The com-
puters use precision deposited-
carbon resistors in quantity and 
quality far in excess of any pse-
vious requirements. 
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Navy Testing Antisub Alarms 
Strategic defense against growing Soviet submarine 
menace requires extensive ocean surveillance 

SOVIET ROCKET-RATTLING has been 
an effective red herring since the 
Summer of 1957 to mask the quiet 
buildup behind the Iron Curtain 
of an enormous submarine fleet. 
Latest issue of Jane's Fighting 
Ships figures the USSR sub fleet 
at more than 500, with about a 
dozen of these capable of carrying 
Polaris-type missiles. A couple at 
least are known to be nuclear-
powered. 
The U. S. Navy has been moving 

quietly but effectively to counter 
this threat. Since the Soviet mas-
ters have chosen to keep this a si-
lent cold war, Navy brass has 
matched them. The antisubmarine 
effort—to which a large part of the 
Navy's energies are committed—is 
not as widely publicized as other 
defense projects. But its serious-
ness colors most of the Navy's 
plans. 
ASW efforts divide into tradi-

tional categories of strategic and 
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Besides putting in networks of listening posts, Navy may close off North 
Atlantic basin by putting intrusion alarms across its access channels 

tactical defense. Strategic defense 
includes a number of heavily 
cloaked projects aimed at providing 
a warning of submarine intrusions 
to the fleet. Details of these plans 
are carefully and rigidly guarded— 
even the code names of some pro-
jects are referred to by code names 
—but some aspects of the role 
played by the electronics technology 
in helping the Navy meet the Soviet 
sub threat are becoming fairly 
clear. 
To protect the exposed shoreline 

of the continental U. S., the Navy 
has attempted to install—with the 
cooperation of the North Atlantic 
Treaty Organization—antisubma-
rine early-warning systems. Al-
though some approaches to this 
problem have been less than suc-
cessful, they have marked out the 
way to development of new tech-
niques that are now being tried. 

Several years ago, the network 
of shelf-water sonar listening posts 
of the Caesar project began work-
ing. Caesar involved a curtain of 
fixed hydrophone arrays encapsula-
ted in a plastic that is transparent 
to sound, dropped below surface 
turbulence and connected by cable 
to shore control stations. Western 
Electric was prime contractor. 
Sound returns to Caesar listening 
posts were correlated and analyzed 
by a lofar-type system called sosus, 
which involves the analysis of the 
low-frequency end of the sound 
spectrum for patterned sound. 

Lofar developed from sofar, or-
iginally a fixing-and-ranging tech-
nique for sea rescue in which a 
downed flyer released from his 
liferaft an explosive charge that 
exploded at a preset depth and per-
mitted surface and subsurface ships 
to locate him. Lofar coupled this 
system with autocorrelation tech-
niques for long-range analysis of 
patterned sound. 

Caesar provided a certain degree 
of security as far as the Atlantic 
and Pacific shelf waters were con-
cerned, but it left much to be de-
sired as an early-warning system. 
Judging from all available data, it 
requires the release of depth 
charges or other explosive sound 
source for passive ranging. Its 
range is limited to about 100 miles. 
Further, it cannot guard such un-
dersea alleys as the Hudson and 
Hatteras Canyons, which cut 
through the continental shelf and 
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provide deepways to within miles 

of the shore. 
One step in the improvement of 

Caesar's efficacy was to hang low-
frequency hydrophone arrays onto 
the radar pickets that guard the 
East Coast some 200 miles out. 
These ships extend the range of 
Caesar by the amount of their dis-
tance from shore, and augment the 
listening post in Bermuda, provid-
ing in effect a comprehensive cover-
age of the East Coast to about 500 
miles out. Another supplementary 
station was hung onto the Texas 
Tower that stands almost over the 
mouth of the Hudson Canyon. 

In 1959, Navy financed project 
Atlantis, a study of the feasibility 
of large-area long-range ocean sur-
veillance systems. Another project 
—Trident—is now underway to pin 
down the results of Atlantis. Philco 
is prime contractor on Trident, with 
Simplex Wire & Cable and Chese-
peake Instrument Corp. as subcon-
tractors. 
CIC is now developing highly 

sensitive hydrophones for the pro-
ject; the company's work in 
acoustic devices for severe environ-
ments is necessary to Trident. 
which will be the forerunner of a 
comprehensive early-warning net-
work called Artemis. Navy, rec-
ognizing the need for a system in 
being, is doing what it can now and 
aiming toward Artemis; each of 
the so-called study projects has con-
tributed some hardware to a warn-
ing system in being. 
Artemis is meant to be a fixed 

underwater surveillance system 
that will use all the latest tech-
niques. It will make use of big mul-
tiple listening posts weighing tens 
of tons, moored beyond the conti-
nental shelf. Hydrophone arrays 
stacked at intervals along the 
buoyed mooring cable will monitor 
sound in each thermocline interval 
at each site. (The thermoclines— 
interfaces between warmer and 
colder water—bend sound so badly 
that submarines can easily escape 
detection by hiding under them.) 

For active ranging, a technique 
is under test that will use hydraulic 
rams to drive diaphragms at the 
extreme low end of the sound spec-
trum. Acoustic resonant chambers 
made of concrete will reverberate 
at the frequency of the transmitted 
ping (or thump), boosting the 

(Continued on p 29) 

YOURS 
FOR THE 

ASKING... 
AC POWER 

FROM 
BEHLIVIAN 
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Behlman is offering this guide to AC power supplies as a service to those 

engineers who have a need for extremely accurate and exceptionally stable 

AC power — single, two and three phase. For your free copy, send the coupon 
below to: Behlrnan Engineering Company, 2911 Winona e-F . Burbank, Calif. 

NAME  

ADDRESS  

COMPANY  

PFHLMAN ENGINEERING a subsidiary of Electronic Energy Conversion Corporation 
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Another breakthrough 
for Brand-Rex Cablemanship! 

NOW 

OF BRAND-REX 

MILITARY VINYL 

COMPOUNDS 
Unique properties and 

advantages are now yours with 

TURBOZIP8 

All the advantages of zipper tubing have been 
combined with Brand-Rex formulated 
military vinyl compounds. Turbozip tubings 

provide high dielectric strength; perform effi-
ciently in temperature ranges in excess of 
military specifications; and are fungus resis-
tant, too. And to withstand rugged mechan-
ical abuse, Turbozip closures are fabricated 
of special extra-tough compounds. 

Ask your Brand-Rex sales engineer to show 
you the four new Turbozip types. Ask to see 
Turbozip 40 or Turbozip 105 made from vinyls 
meeting MIL-1-7444 and MIL-I-631 grade c 
respectively. He will also have Turbozip VG 
made from vinyl-impregnated glass that 
meets MIL-I-3190. And, if you are interested 
in zipper tubing for 100% shielding, he will 
show you Turbozip SH, aluminum foil lam-
inated to vinyl-impregnated glass sheet. 

Turbozip zipper tubings are available in all 
preferred sizes and thicknesses. Standard 
colors include black, yellow, clear, and grey. 

For custom cabling or volume production 
runs, you will save time and money with 
these new Turbozip zipper tubings. Ask for 
samples and complete information, today! 

WILLIAM BRAND-REX DIVISION 
American ENKA Corporation 

DEPT: T 38 SUDBURY ROAD, CONCORD, MASSACHUSETTS 

Telephone: EMerson 9-9630 

Turbo Vinyl, Teflon, Polyethylene, Nylon, and Silicone Insulated Wires and Cables 
Electrical Tubing and Sleeving, Plastic Extrusions, Rexolite UHF Cast Plastics 
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Antisub Alarms . . . 
(Continued from p 27) 

sound level of the echo at the reso-
nant frequency. A 32-cycle pinger, 
for instance, would work into a res-
onant cavity less than 30 ft long. 
Power for each installation is to 

be provided by a miniature nuclear 
reactor. Maintenance of the sites 
will be handled remotely by Navy's 
new remote underwater manipula-
tor (RUM; see ELECTRONICS, p 31, 
June 17 '60). RUM, built onto an 
Ontos tank body, includes four tv 
cameras and an electromechanical 
manipulator capable of lifting 5,000 
lb, can withstand pressures at 
greater than 3,000 fathoms. 
Among other strategic warning 

systems, Navy is considering beds 
of listening sonobuoys which would 
have long-life power packs, to do 
the same type of work as Artemis 
but with shorter range. These sono-
buoys could be seeded across chan-
nels of great strategic importance 
to act as burglar alarms. 
Navy is also contemplating an 

electronic burglar alarm that could 
alert the fleet whenever any ship 
crossed one of the several gateways 
to the North Atlantic basin, or 
crossed the line between the Aleu-
tians and Japan (many of the USSR 
pigboats are penned at Petro-
pavlovsk, behind this line). 
These systems might employ pat-

terned electromagnetic fields which 
the metal body of the ship would 
distort. Low-frequency electrical 
or electromagnetic fields in a pat-
tern across the access routes to the 
North Atlantic basin would work 
like a doppler intrusion alarm, 
which recognizes a change in the 
pattern of an ambient field and 
sounds the alert. 

ITT, Loral Electronics, GE and 
Admiral are all known to be investi-
gating the feasibility of under-
water detection and surveillance 
systems using electromagnetic phe-
nomena. Both the intrusion-alarm 
type and a kind of low-frequency 
radar are under investigation. An 
active underwater radar-type sys-
tem would present the advantage of 
being usable aboard ship, where the 
intrusion-alarm systems are neces-
sarily fixed stations. 
The Omega system being de-

signed by ITT Laboratories for the 
Navy may also find use as an anti-
submarine system. Omega is a vif 
navigation system by which Navy 
ships all over the world will be able 
to fix their own positions within a 
mile. It will be a hyperbolic system 
similar to loran, will need only eight 
sites for global coverage. 

Naval Electronics Lab in San 
Diego, Calif., and ITT Labs, are 
both studying ways of using Omega 
as an intrusion alarm. The carry-
ing power of vif energy in water is 

excellent (submarines the world 
over can hear the vif transmissions 
from Navy headquarters), and dis-
tortion of stable field patterns can 
provide intrusion data. The Omega 
system can also be easily adapted to 
function as an identification-friend-
or-foe system, which the Navy 
needs for efficient undersea tactics. 

Early-warning systems are some-
times made to do double duty, both 
for efficiency's sake and to mask 
their real purpose. For example, 
the hydrophones of the southeast 
end of the Caesar-Atlantis-Artemis 
complex function as a missile-im-
pact locating system for the Atlan-
tis Missile Range, to help range 
officers find where a reentering nose 
cone hit the ocean's surface. 

Similarly, the concrete acoustic 
cavities of Artemis will be surveyed 
precisely into position, were at one 
time being considered as a backup 
for the ship's inertial navigation 
system (SINS) by which the deep-
running Polaris submarines are 
now navigated. 

In this backup system, the net-
work of resonating chambers would 
echo back a sub's ping; sub-borne 
instruments would interpret the re-
turned signal and derive ship's po-
sition data. Navy officially says the 
system has been tried and found 
wanting; unofficially, ELECTRONICS 
learns that the system may still 
prove fruitful. 

Railroad Will Install 
Microwave Communications 
NEW YORK CENTRAL railroad plans 
to replace 140 miles of overhead 
wires between Buffalo and Syra-
cuse, N. Y., with a microwave 
system. Installation will be the 
first along the Central's main line. 
System will have 30 channels in-

itially, with connections at Roches-
ter, N. Y. Decision to build it 
follows successful experiment with 
microwave between Indianapolis 
offices and the Central's Big Four 
marshalling yard at Avon, Ind. 
Central spokesmen say the Buffalo-
Syracuse setup is forerunner of a 
system-wide microwave complex of 
240 channels, half for voice, half 
for data. 

Installation of the new system 

may be started this year "depend-
ing on availability of funds." 

Engineer Climbs 

Corrosion check on chimney stack 
is made by field engineer in bosun's 
chair. He is using Magna/lux ultra-
sonic unit 

Venezuela May Spend 
$200 Million in Japan 
VENEZUELA'S coordinator of radio 
communications, Miguel A. Tejeda, 
said recently that Japanese manu-
facturers would be considered as a 
possible source of supply for a 
$200 - million telecommunications 
project now being planned in 
Venezuela. 

Tejeda, visiting Tokyo after the 
International Telecommunications 
Conference, said seven engineers 
would be sent to Japan from Ven-
ezuela in February to survey the 
industry. The Caracas government 
recently bought seven shortwave 
systems from a Japanese manufac-
turer. The South American coun-
try last year imported $48 million 
worth of goods from Japan. 
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Large market 

predicted for new systems 

using two-stage 

precipitation 

Wall panel indicates when precipitation cell should be cleaned 

Electronic Air Cleaning Planned for Homes 

Electronic air cleaner unit can be 
installed in any type forced-air 
heating or air-conditioning system 

Two-stage precipitation cell (fore-
ground) and additional collector 
stage 

MARKET FOR electronic components 
such as selenium rectifiers and spe-
cial transformers may get a healthy 
boost with the introduction early 
this year of an electronic air 
cleaner for use in the home. The 
electrostatic unit, which charges 
and collects particles as small as 
tobacco smoke, was developed by 
Minneapolis-Honeywell. 

Two-stage precipitation, a com-
mon technique in commercial elec-
tronic air cleaners, is used. On the 
air-inlet side of the precipatation 
cell, a 1-in, thick ionizer consisting 
of a series of tungsten wires be-
tween grounded aluminum plates 
receives a 6,000 volt d-c charge. 
Dust particles traveling in the re-
turn air stream from the home are 
charged positively. 
Down stream, a 2-inch thick col-

lector also receives a 6,000 volt d-c 
charge. This section consists of a 
series of aluminum plates spaced 
between other aluminum plates, 
which are grounded. Combined 
electrostatic attraction and repul-
sion of the positively charged dust 
particles entering the second stage 
forces them towards the grounded 
plates. The combined reaction is 
said to create a collection force 
that is as much as 4,000 times 
greater than gravity. Thus, the unit 
is able to remove from 70 to 90 
percent of foreign particles in all 
the rooms of a home using a forced-
air heating cooling system. 

Constant charging voltage is 

maintained on the electrostatic ele-
ments by a leakage transformer. 
Selenium rectifiers provide d-c cur-
rent. 

Designed for installation in a 
home with an air-flow rating of 
1,400 cubic feet a minute, the unit 
can handle increased air flows up to 
2,200 cfm with a second collector 
stage. 
The system is being life-tested 

for a minimum of ten years because 
many of the systems may be in-
cluded in 25 and 30 year home 
mortgages, and also in 5 to 7 year 
home-improvement loans. Complete 
package including installation will 
cost the home-owner approximately 
$350. 
The 2-inch collector will cost ap-

proximately $75. 
Within 30 days after the new 

year, Honeywell will have available 
smaller capacity system handling 
up to 1,000 cfm, or 1,300 cfm with 
additional collector. This system 
is intended to provide an answer 
to close-space requirements espe-
cially closet-type heating and air 
conditioning installations. 
As for potential sales: there are 

700,000 forced-air, centrally air-
conditioned homes in the United 
States and by 1965 this will become 
1,800,000. Furthermore, there are 
13,300,000 homes with forced-air 
heating systems (that can be con-
verted to central air conditioning) 
and that these will be 15,700,000 in 
1965. 
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I FZ_ 
...outstanding performance through a family of talents 

Siegler Cloud Analyzer 
Radar fills the critical gap 

in air safety in the 
airport terminal area! 

CAREER OPPORTUNITIES 

are available for 

engineers and scientists. 

Write for complete information. 

Until recently, airport weathermen could only guess depth and density 
of clouds directly above the airport —the most critical area in guidance 
of today's high performance aircraft. 

Now a unique new radar— the new Cloud Analyzer developed by Siegler's 
Olympic Radio and Television Division—eliminates this gap in air safety. 
Provides continuous knowledge of height, density and upper limits of 
clouds directly over the airport, up to 60,000 feet. 

Cloud Analyzer Radar, developed for the U.S. Air Force, is now in opera-
tion by the U. S. Weather Bureau at the National Airport in Washington, 
D.C., Hanscom AFB, Bedford, Massachusetts, Cape Canaveral, and will 
soon be in operation for the Department of Defense and the Federal 
Aviation Agency in the 433L Automatic Weather System. 

The Olympic Division of The Siegler Corporation also produces the moni-
tor and transfer system for the important TACAN program, and the 
AS-111 Radio Direction Finder. 

Selection of Siegler for these and other major projects shows recognition 
of the superior performance of all Siegler divisions, under the basic 
corporate concept: Progressive management of diverse activities with 
outstanding military, industrial, commercial and consumer capabilities 
— in order to bring to each of these fields the strengths of the others. 

S I c3L Ft CD F2 Pe C) 1=2 "n•-1— I C) NJ 

610 South Harvard Boulevard, Los Angeles 5, California 

PLANT LOCATIONS: OLYMPIC RADIO AND TELEVISION DIVISION. LONG ISLAND CITY, NEW YORK • HALLAMORE ELECTRONICS DIVISION, ANAHEIM. CALIFORNIA • HUFFORD DIVISION, EL SEGUNDO, CALI. 

FORNIA • MAGNETIC AMPLIFIERS DIVISION. NEW YORK. NEW YORK • BOGEN.PRESTO DIVISION, PARAMUS. NEW JERSEY • SIEGLER HEATER DIVISION. CENTRALIA, ILLINOIS • HOLLY-GENERAL DIVISION, 

PASADENA AND BURBANK, CALIFORNIA • VAC.U.LIFT DIVISION. SALEM. ILLINOIS • COMET MANUFACTURING DIVISION, LOS ANGELES. CALIFORNIA • COMMUNITY ANTENNA CO., INC., RENO. NEVADA 

January 13, 1961 CIRCLE 31 ON READER SERVICE CARD 31 



TWO OUTSTANDING 

HIGH-TEMPERATURE 

e 

FOR CONTINUOUS OPERATION AT 

HOTTEST SPOT TEMPERATURES 

UP TO 

a, 

'15 

Per 

FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 

UP TO 

For continuous operation at hot-
test spot temperatures up to 
200°C (39 2°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague's recom-
mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482°F) and 
up to 300°C (572°F) for short 
periods of time. Ceroc has a 
flexible ceramic base insulation 
with either single secone or 
single or heavy Teflon overlays. 
The ceramic base stops "cut-
through" sometimes found in 
windings of all-fluorocarbon 
wire. Both Tetroc and Ceroc 
magnet wires provide extreme-
ly high space factors. 

Write for Engineering Bulle-
tins405(retrocWires)and 
400A (Ceroc Wires). 

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

SP 
THE MA K OF RELIABILITY 

Engineering Teacher Pay 
Average Changes 

Total Income 1958-1960 
Rank 1958 1960 Dollars % 

Instructor  $5,955 $6,633 $678 11.1 
Asst. Professor  7,801 8,828 1,027 13.2 
Assoc. Professor  9,502 10,815 1,313 13.8 
Professor  12,672 14,373 1,701 13.4 

Basic 
Teaching Salary 
1958 1960 

$5,009 $5,392 
6,209 6,869 
7,419 8,299 
9,581 10,836 

Changes 
1958-1960 

Dollars % 
$383 7.6 
660 10.6 
880 11.9 

1,255 13.1 

Average annual income and teaching salaries of engineering teachers by rank 

ENGINEERING TEACHERS lead other 
members of the teaching fraternity 
in remuneration, according to a 
study by S. E. Harris of Harvard 
that was published recently by Mc-
Graw-Hill Book Co. But the level 
of teacher salaries still lags badly 
behind other income in this country. 

Harris's study, Financing Higher 
Education 1960-70, points out that 
while salary levels for full profes-
sors at Harvard (where he is chair-
man of the department of econom-
ics) have trebled in the last 90 
years, prices have risen 220 percent 
and national per-capita income lev-
els have risen 1,300 percent. 

In the Soviet Union, a value sys-
tem has been set up in which the 
average professional salary is sev-
eral times the salary of the average 
nonprofessional worker. On that 
basis, Harris says, the average U. S. 
college salary—now something in 
excess of $6,000—should be at least 
$25,000 by 1970. 
The situation in the Soviet Union 

probably reflectes the strong em-

phasis on technology. In the U. S., 
a similar emphasis has been incu-
bating during recent years, placing 
engineering teachers on a higher 
salary plateau than other teachers. 
Besides, many engineering teachers 
do part-time outside work, such as 
consulting; outside opportunities 
for the bulk of other educators are 
extremely limited. 

According to a recent study by 
M. A. Horowitz of Northeastern 
University, the average total in-
come of engineering teachers of all 
ranks increased from $9,598 in 1958 
to $11,013 in 1960, a gain of 14.7 
percent. The average salary of all 
other ranks of educators is $6,711, 
which is $696 more than the 1958 
figure. 

Engineering teachers are not se-
riously affected by the statistics re-
corded in a 1960 National Educa-
tion Association report entitled 
Financing Professional Salaries for 
Professional Teachers: 
As many as 14,000 teachers are 

reported to be receiving less than 

Do-It-Yourself Special-Purpose Computer 

TR-5 mounting unit built by Electronics Associates makes it possible to 
assemble special-purpose analog computers using Pace plug-in units 
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Leads All 

$5,000 for nine months of full-time 
service. Twenty-two thousand 
teachers are reported to be receiv-
ing salaries between $5,000 and 
$6,000. In one geographical region 
(including 11 states), the average 
salary of teachers of all ranks is 
only $6,043, with one-fourth of 
them receiving $5,035 or less. 
Among private colleges the aver-

age salary for assistant professor 
in the small college is $4,600; in the 
medium size college, $5,363; and in 
the larger colleges, $5,770. For in-
structors (the teachers usually 
carrying the largest teaching loads, 
while often studying for advanced 
degrees), the nationwide average is 
only $5,095—for men $5,161, and 
for women $4,855. One fourth of all 
instructors receive $4,599 or less. 
In one region (11 states), half of 
all instructors receive $4,640 or 
less, with a quarter receiving $4,176 
or less. 
The national average for univer-

sity and college presidents is 
$13,827, but as many as 142 are re-
ported to receive less than $10,000. 
College deans have an average sal-
ary of $10,723, but 10 percent of 
them get less than $7,000. 
Encouraging trends in education 

are largely led by engineering 
teachers: 
More than 300 teachers command 

salaries above $18,000 for nine 
months of service. Salaries in more 
than a thousand teaching positions 
range upward from $15,000. One 
teaching position in 25 pays $12,000 
or more. Just over 10 percent of 
full-time teaching positions carry 
salaries of $10,000 or more. 
Almost 10 percent of full pro-

fessors are at or above the $13,000 
level. In two universities, the aver-
age salary for full professors is 
$16,000. In 25 institutions, the 
median salary for full professors is 
at or above $12,000. Annual sala-
ries for presidents range above 
$40,000, with as many as 20 re-
ported at $30,000, or above. Fifty 
are at or above $25,000, and almost 
75 others are reported to be in the 
$20,000-$25,000 range. Vice-presi-
dents range up to $33,000 and col-
lege deans up to $23,000. 

Difilm Molded 

Tubular Capacitors 

Have Outstanding 

Moisture Resistance 
A 

5,000 
5G; 

RELATIVE HUMIDITY RESISTANCE 

A DIFILM DUAL DIELECTRIC (paper 
and polyester film) with HU solid 
impregnant and molded phenolic case 

13 PAPER DIELECTRIC with solid im-
pregnant and molded phenolic case 

C DIFILM DUAL DIELECTRIC with 
solid impregnant and dipped epoxy resin 
coating 

D PAPER DIELECTRIC with wax or oil 
impregnant and molded phenolic case 

E POLYESTER FILM DIELECTRIC 
with molded case 

F PAPER DIELECTRIC with solid im-
pregnant and waxed cardboard jacket 

G PAPER DIELECTRIC with wax or oil 
impregnant and waxed cardboard jacket 

Plotted on the above graph is a 
curve for each of the seven basic 
tubular capacitor types normally 
used in commercial electronics. 
Note how Sprague Difilm® Black 
Beauty® tubulars (Curve A) with-
stand more than 2500 hours in 95 
to 100 % relative humidity at 40 C, 
with no change in humidity resistance! 
For complete technical data on 

Type 160P Difilm Black Beauty 
Capacitors, write for Engineering 
Bulletin 2025 to Technical Litera-
ture Section, Sprague Electric 
Company, 35 Marshall Street, 
North Adams, Massachusetts. 

YELLOW-JACKETS 
...smallest of Sprague's 

film capacitors 
for entertainment 
and commercial 

electronics 

YELLOW-JACKET® Wrapper-
Protected Filmite "E" Capaci-
tors are designed for compact 
radio receivers, test and com-
munications equipment, and 
similar applications. They are 
especially suited for transis-
torized and low voltage elec-
tron tube circuits. 

Yellow-Jacket capacitor sec-
tions are of extended foil design 
... wound from ultra-thin, es-
pecially selected polyester film 
and thin gage foil. They are 
protected against moisture by 
an outer wrap of polyester film. 
End seals are of a plastic resin 
which bonds securely with the 
film wrap in order to assure 
long service life. This con-
struction provides a distinct 
space advantage over molded 
or premolded case, or wax-
coated cardboard-case tubulars 
of comparable ratings. 
Yellow-Jacket Type 148P 

(cylindrical) and 149P (semi-
oval) capacitors operate over 
the temperature range of —55C 
to +85 C at rated working 
voltages of 100, 200, 400, and 
600 volts d-c. 
For complete technical data, 

write for Bulletin 2063A to 
Technical Literature Section,. 
Sprague Electric Company, 35 
Marshall Street, North Adams, 
Massachusetts. 

THE MARK OF RELIABILITY 
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DYNASERT 
Speeds 

Component Inserting 

to 10 Times 

in PW Boards 

Long or short runs, Dynasert saves. 
Automatically feeds component, trims, 
bends leads, inserts, and clinches 
without damage to component body. 
Speeds model changeover. Improves 
board dependability. 

Single or multi-stage units for highly 
dependable production are available. 
Write for descriptive 12 page booklet. 

UNITED SHOE MACHINERY CORPORATION 
140 Federal Street, Boston, Mus. 

DYNASERT 
ELIMINATES 

COMPONENT 

PREPARATION 

for PW Boards 

With Dynasert machines, components 
may be loaded into a self-feeding 
raceway from card-type packages or 
fed from a reel. It is no longer neces-
sary to handle components manually. 

The Dynasert machine does all the 
work—takes the chance of error out of 
component inserting. Operators are 
easily trained. Changes in production 
runs can be made quickly. With as 
little as a few hundred insertions a 
week Dynasert should be considered. 
Write for descriptive 12 page booklet. 

UNITED SHOE MACHINERY CORPORATION 
140 Federal Street, Boston, Mass. 

Poland Cites Gains In Electronics 

ELECTRONICS IN POLAND has become 
a major industry, according to that 
nation's recent press pronounce-
ments. 

Present production reportedly 
covers a line of products ranging 
from small components to complete 
systems for broadcasting, produc-
tion control and other functions. 

The country's present electronics 
output is said to satisfy the major 
demands of internal consumers and 
leave some margins for export. 
Claims are that technical progress 
has placed Poland's electronics 
products into competitive positions 
with those of other nations. 

Attribution for this •is given to 
the close cooperation between the 
state-owned and operated produc-
tion facilities and the state-owned 
and operated technical and scientific 
institutes. The four main academic 
technical organizations in the coun-
try are the Industrial Institute of 
Electronics, Television and Radio 
Institute, Industrial Institute of 
Telecommunications and the Com-
munications Institute. Close contact 
is also maintained between the in-
dustry and the Polish Academy of 
Science. 

Eight Polish companies carry on 
the bulk of electronic production. 
Telpod manufactures hermetic ca-
pacitors, layer and wire potentiome-
ters and wire and layer resistors. 
Omig Radio produces miniature ra-
dio components, resistors and trans-
formers. At Elwa Radio, both min-
iature and conventional electrolytic 
capacitors are manufactured. Loud-
speakers, microphones, loudspeaker 
transformers, synchros and sound 
columns are made at Tonsil Loud-
speaker. Eltra Electrotechnical's 
factory produces tube sockets and 
pushbutton switches. The Radio 
Ceramics factory produces ceramic 
rods, capacitors, trimmers and 
plates. Also made there are mag-
netoceramic capacitors. Junction di-
odes, point-contact diodes and some 
other semiconductor types are made 
in the Pewa plant. Vacuum tubes 
and lamps are made by Telem. 
Equipment manufactured in Po-

land includes the ALFA industrial 
tv gear, a line of high-frequency 

dielectric furnace equipment, im-
pulse welding gear used in poly-
ethylene foil manufacture, and sev-
eral types of high-frequency weld-
ing equipment for plastics. 
Among newer products is the 

Swierszczyk radiotelephone. This 
unit operates in the 30 to 41-Mc 
region with an output power of 300 
mw. It is powered by 11-v and 671-v 
dry batteries and has an effective 
range of about 1.8 miles. It weighs 
slightly less than 81 pounds. 

Estonians Studying 
Electrolumineseenee 

LABORATORY for the study of elec-
troluminescence problems is being 
set up at the University of Tartu 
in Estonia. Photoluminescence and 
semiconductor phenomena in phos-
phorus will also be studied at the 
new lab. 

It was at Tartu that Fyodor 
Klement worked out sublimation 
techniques that permitted develop-
ment of thin layers and top-quality 
luminophores. Soviets believe elec-
troluminescence has a great future, 
figure the work will take hold in 
Estonia. 

Measuring Speed 

General Radio Strobotac checks 
running speed of turbo super-
charger on diesel engine at Atlas 
Polar Co., Toronto. Twelve-blade 
turbo fan rotates at 42,000 rpm. 
Using Strobotac at 21,000 rpm, a 
stationary pattern is obtained 
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CLEVITE 
TRANSISTOR 
WALTHAM, MASSACHUSETTS 
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Clevite's rectifiers find broad use as general purpose 

diodes in computers and as rectifiers in magnetic 
amplifiers, dc to dc converters and power supplies. 

They are particularly useful in airborne applications 

where switching of equipment may generate high volt-

age transients in the line which would burn out ordinary 

diodes. Designed for maximum reliability, Clevite recti-

fiers provide high dissipation — 600 mw ... high voltage 

— up to 600 y... high temperature — up to 150 ma 
at 150°C. 
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DIFFUSED 
SILICON 

RECTIFIERS 

ix 

A DIVISION OF 

CLEV1TE 
CORYORATrow, CLEVIT 

200 Smith Street, Waltham 

Where fast switching is not required, these rectifiers 

offer definite advantages in size, costs and superior 

overload protection. They are available in military types 
conforming to MIL-E-1/1143 (USAF). 

Send for bulletin 13217-3B 

Maximum 0C Maximum Average Maximum Forward 
Diode Inverse Operating Forward Current Voltage Drop 
Type Voltage (a)25'C (a) 25"C 

(volts) (ma) (volts (El ma) 

1N645 225 400 1.0 @  400 

1N647 400 400 1.0 @  400 

1N649 600 400 1.0 @ 400 

1N677 100 400 1.0 e  400 

1N681 300 200 1.0 @  200 

1N683 400 200 1.0 @  200 

1N685 500 200 1.0 @  200 

1N687 600 200 1.0 e 200 

vo"'t 
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We now have distributors in 20 key cities throughout the 
nation. For prompt handling of all orders for our top-

quality panel instruments, just get in touch with the 
Honeywell distributor nearest you, our sales representa-

tives, or with us directly: Precision Meter Division, Minne-
apolis- Honeywell Regulator Co., Manchester, N. H., 
U.S.A. In Canada, Honeywell Controls Limited, Toronto 

17, Ontario; and around the world, Honeywell International 
Division, Sales and Service Offices in all principal cities. 

These are the organizations who 
can get Honeywell Precision Meters to you in a hurry: 

CALIFORNIA: Atlas Electronics, Inc., 4618 Santa Fe St., San Diego 9, 
BR 4-3131; Bell Electronic Corp., 306 E. Alondra Blvd., Gardena, FL 1-5802; 
Fisher Switches Inc., 40 Gouch St., San Francisco, UN 1-2569; Elwyn W. 
Ley Co., 16514 So. Garfield Ave., Paramount, NE 6-8339; Newark Elec-
tronics Corp., 4747 W. Century Blvd., Inglewood, OR 8-0441; CONNECT-. 
ICUT: Radio Shack Corp., 230 Crown St., New Haven, ST 7-7121; Radio 
Shack Corp., 29 High Ridge St., Stamford, DA 5-4371; WASHINGTON, 
D.C.: Electronic Wholesalers Inc., 2345 Sherman Ave., W., Washington 1, 
HU 3-5200; ILLINOIS: Newark Electronics Corp., 223 W. Madison St., 
Chicago 6, ST 2-2944; MASSACHUSETTS: Electrical Supply Corp., 205 
Alewife Brook Pky., Cambridge, UN 4-6300; Radio Shack Corp., 730 

Commonwealth Ave., Boston 17, RE 4-1000; MICHIGAN: Electronic Supply 
Co., 94 Hamelin Ave., Battle Creek, WO 4-1241; MINNESOTA: Stark Elec-
tronics Supply Co., 112 Third Ave., No., Minneapolis, FE 6-9220; NEW 
JERSEY: State Electronic Parts Corp., 399 Rte. #10, Whippany, TU 7-2550; 
NEW YORK: A & M Instrument Service Inc., 48-01 31st Ave., L.I. City 3, 
RA 6-4343; Peerless Radio Distributors Inc., 19 Wilbur St., Lynbrook, Ll., 
LY 3-2121; OHIO: Herrlinger Distributing Co., 112 East Liberty St., Cincin-
nati 10, GA 1-5285; PENNSYLVANIA: Harold H. Powell Co., 2102 Market St., 

Philadelphia 3, LO 7-5285; WASHINGTON: Branom & Leeland Instrument 
Co., 2137 2nd Avenue, Seattle 1, MA 2-7320. 

Honeywell International Sales and Service offices in all principal cities of the world. 

"Our new 
distribution 
etwork assures 
same-day 
shipment on 
all standard 
Honeywell 
Meters" 
—CARL ANDERSON 
General Manager, Precision Meter Division 
Minneapolis-Honeywell Regulator Company 

Honeywell 
[Igi P/uzzee,,u/nem-
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MAGNETRON 
CONNECTORS 

Specify JETTRON 
for all types of 
magnetron connect-
ors for vital military 
or commercial 
equipment. Com-

plete facilities for the design and pro-
duction of "specials" and other precision 
components including sockets and cable 
assemblies. 

Magnetron Input Connector Cat. 9000-C 

Fits 41524 and similar 
Magnetrons. Features 
floating heater contact, 
eight prong heater-cathode 
contact of silver plated, 
heat treated beryllium 
copper. Molded silicone 
encloses metal body. 

Magnetron Input Connector Cat. 9005-C 

Fits 41524 and similar 
Magnetrons. Features 
identical to Cat. 9000-C. 
In addition has 75 mil 
thick silicone insulated 
cables for higher poten-
tial applications. Made 
with 4700 µid built-in 
capacitor. 

.„.'1114\110p, 

Magnetron Input Connector Cat. 9040 

One of the many "Spe-
cials" lettron has made. 
Basic Input Connector 
with floating heater con-
tact. Supplied with or 
without bypass capacitor. 
Normally potted to the 
magnetron input end. 

Magnetron Input Connector Cat. 9050 

Fits Miniature Magnetrons 
such as L-3028B. Beryl-
lium copper heater and 
cathode contacts assure 
dependable contact. Sili-
cone cup fits snugly over 
magnetron input end. Leads 
insulated with silicone. 

Magnetron Input Connector Cat. 9060 

Fits Miniature Magnetrons 
such as L-30288. Features 
similar to Cat. 9050 but 
supplied less siliconren-
closure. Leads extend 
axially from body of con-
nector. Normally potted to 
magnetron input end. 

Call or write for bulletins on special 
sockets, magnetron and other connectors 

JETTRON 
PRODUCTS • INC 
56 Route 10, Hanover, New Jersey 
Telephones: TUcker 7-0571-0572 

Sales Engineers in Principal Cities 

Pilot watches results of his visual-manual guidance on cathode ray tube 

Navy Using Bullpup Missile Trainer 

NAVY is employing electronic simu-
lators to increase pilot skill in using 
the air-to-surface Bullpup missiles. 

In actual operation, the pilot 
watches the missile visually as it 
drops from the plane headed to-
wards its short-range target and 
guides it by radio command signals 
with what looks like a modified joy 
stick. 

In the trainer, the pilot will use 
the same joy stick but will watch 
the effects of his controls on a 
cathode ray tube. Missile charac-
teristics not under his control are 
electronically generated within the 
trainer. 
An analog computer produces real 

time simulation of the missile dy-
namics. The computer output volt-
age that is analogous to missile mo-
tions is displayed as a deflection on 
the face of the cathode ray tube. 

Several non-linear functions of 
time associated with missile charac-
teristics and all automatic controls 
are performed by an electromechan-
ical function generator and pro-
grammer assembly that is accu-
rately driven as a function of time. 

Designated the AN/ARW-T2 
Ground Pilot Trainer, the unit is 
about the size of a home tv set. 
Trainers are being installed on land 
and aboard ships. Radiation Inc. 

built the trainers for Bullpup prime 
contractor Martin under a $400,000 
contract. 

Bugs Hit Providence's 
Automated Post Office 

IN THREE MONTHS of operation the 
Post Office Department has been 
able to get a bead on the troubles 
of an automatic postoffice and 
figure out ways of solving them. 
The trial system, which is situated 
in Providence, R. I., opened in Oc-
tober and has been shaking out the 
bugs since. 

Difficulties were compounded by 
the Christmas season. High-speed 
electronic facer-cancelers, which 
look for and cancel the stamps, 
were thrown by letters carrying 
Christmas seals, rejecting all such 
letters for hand treatment. Foreign 
stamps, and even trading stamps, 
pass through the cancellation ma 
chines—if they're in the right posi 
tion. 
About 30 or 40 letters a day are 

damaged because postal workers 
don't remove them quickly enough 
from the electronic sorting mech-
anisms, causing a backup into the 
conveyors. 
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Low leakage and useful hFE at very low collector currents permit low power 

operation — as low as 30 microwatts per stage. High performance PLANAR 

transistors and diodes use simplified circuitry (see illustration), keep costs 

down, reduce power requirements, and permit high-density packaging. Prime 
applications: missile and space vehicle guidance and instrumentation. 

For your down-to-earth needs, where weight, space and power are less critical, 

similar logic circuits will operate with switching rates greater than 5 mc. 

m,uA leakage in Fairchild PLANAR transistors and diodes permits 

LL CROWAIT 
• 

FOR SPACE VEHICLES 

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS (25°C except where noted) 

Total 
diss. Via° VEgo 

hFE hFE Cob 
(Ic —150mA) (Ic=0.1mA) (IE=0) 

(VcE=10V) (VcE=10V) (Vc6=10V) 

Iceo CRO 

IcBo (VcB-60V) (Vc 13-50V) 
(T=150°C) (T=1.25°C) 

0.8mµA typ. 
18pf ty1). 1.OµA typ. 2N1613 3.0W 75V 7.0V 40-120 20 min. lOmµA max. 
25pf max. 10µA max. 

(Vce-60V) 

lOmµA max. 
2N1711 3.0W 60V 7.0V 100-300 35 min. 25pf max. 

(VCR=50V) 
10µA max. 

FD100 

WIV P diss. TA Tstg 
IR 

(V= —50V) 

RE 

(100 mc) 

50V 250mW —65° to +175°C —65° to +200°C 0.1µA 

545 Whisman Road 

Mountain View, California 

45% 

SEMICONDUCTOR CORPORATION 

YOrkshire 8-8161 

TWX: MN VW CAL 853 

A WHOLLY OWNED SUBSIDIARY OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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AFTER . . . 3 trio labs' miniature 

5 1959, TRIO LABORATORIES, INC. 

customize efficiency & accuracy 
with trio labs' BUILD-IN instruments 

BEFORE . . 3 external instruments 
were used to measure AC and DC 
voltages...cluttered, tedious, wasteful, 
subject to error. 

VTVMs integrally built-in now are 
always on hand to measure just the 
parameters you designate. 

the industry's 
pioneer & complete line of 

MINIATURIZED ELECTRONIC INSTRUMENTS 
MILITARY 

for MIL-E-5400A 8. MIL-T-945A applications. 

8 Series 
ruggedized 
single-range 

AC VTVMs $160. 

D Series 
ruggedized 
multi-range 

AC VTVMs $272. 

G Series 
ruggedized 

single or 
multi- range 

DC VTVMs $136. 

.1 Series 
ruggedized 
low-level 

multi-range 
DC VTVMs $450. 

EXPORT: EMEC, 127 GRACE ST., PLAINVIEW, N. Y. 

COMMERCIAL 

E Series 
Single-range 
AC VTVMs $99.50 

Model 109-1 
low-level 
multi-range 
AC VTVM $199. 

F Series 
single-range 
DC VTVMs $84.50 

Model 125-1 
Null Meter $125. 

y ui mg- n  obs -p'one -Moth ing initruinents'You .'... customize test 
systems, set-ups and instruments; save space (average model is 4" x 4" x 4"); 
save time with at-a-glance monitoring; save money; make monitoring foolproof 

("go-no go"); improve system reliability; increase 
overall design freedom. Choose from many "standard" 
or "special" models — or consult us for new designs 
for your needs. Write for free "how to" Engineering 
Guide to Dept.1311 

" Trio Laboratories, Inc. Plainview, Long Island, New York 

MEETINGS AHEAD 

Jan. 16-18: American Astronauti-
cal Society, Annual; Sheraton-
Dallas Hotel, Dallas. 

Jan. 17-19: Instrument Automation 
Conf. & Exhibit, ISA; Sheraton-
Jefferson Hotel, Kiel Auditorium, 
St. Louis, Mo. 

Jan. 24-27: Society of Plastic En-
gineers, Annual; Shoreham and 
Sheraton-Park Hotels, Washing-
ton. D. C. 

Jan. 31-Feb. 2: Cleveland Elec-
tronics Conference; Engineering 
and Scientific Center, Cleveland. 

Feb. 1-3: Military Electronics, 
PGMIL of IRE; Biltmore Hotel, 
Los Angeles. 

Feb. 1-4: Electronic Representa-
tives Assoc., Annual Convention; 
Ambassador Hotel, Los Angeles. 

Feb. 7-9: Electrical Manufacturers 
Assoc.; Veterans Memorial, 
Columbus, O. 

Feb. 14-16: Nondestructive Testing 
of Aircraft and Missile Compo-
nents, Southwest Research Insti-
tute, South Texas Section of the 
Society for Nondestructive Test-
ing Inc.; Gunter Hotel, San An-
tonio, Tex. 

Feb. 15-17: Solid State Circuit 
Conf., International, PGCT of 
IRE, AIEE; Univ. of Penn. & 
Sheraton Hotel, Philadelphia. 

Feb. 17:21: Electronic Components 
Exposition, International, French 
Federation of Electronic Indus-
tries; Port de Versailles, Paris. 

Feb. 20-25: Semiconductor Exposi-
tion, International, Societe Fran-
caise des Electroniciens et Des 
Radio-Electriciens; Maison de 
L'Unesco, Paris. 

Mar. 9-10: Engineering Aspects of 
Magnetohydrodynamics, PGNS 
of IRE, AIEE, IAS; University 
of Penn., Philadelphia. 

Mar. 20-23: Institute of Radio En-
gineers, International Conven-
tion, All PG's; Coliseum & Wal-
dorf-Astoria Hotel, New York 
City. 

Mar. 21-22: Institute of Printed 
Circuits; Annual, New York 
City. 
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NOW 
In the Model CM-100, Mincom's latest instrumentation recorder/reproducer, the series elements 

THE MINCOM CM-100 
before data storage have been reduced to recorder and mixer only, one step from the antenna. 

IS PERFORMING 
With the CM-100's 1-megacycle response and constant phase equalization at all speeds, an original 

OPERATIONAL 
IF signal of 5.0 megacycles thus can be heterodyned so that the carrier swing and its sidebands 

PREDETECTION RECORDING 
fall vïithin the Mincom CM-100's frequency range- in FM, rMjFM modulation, KAI and PCM/FM. 

...and actually doing it at defense facilities as you read this page. 

CM-100 PREDETECTED FeCIVI/FM DATA 

5.0-mc IF carrier heterodyned down to 750 kc. Random-spaced pulses, 
20 irs on-20 ps off-type information. Sweep rate: 50 ps cm. 

...WHERE RESEARCH IS THE KEY TO TOMORROW 

MINCOM n M  

Write for brochure. 

INNESOTA M INING AND M ANUFACTURING COMPANY 
2049 SOUTH BARRINGTON AVENUE, LOS ANGELES 25, CALIFORNIA • 425 13th STREET N. W WASHINGTON 4, D. C. 
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Now...5 designers' lines from Sarkes Tarzian 

o 
•  

SILICON POWER 

RECTIFIERS 

1/2  SIZE 

Over 100 types for low, medium, and heavy current applications, with ratings from 150 ma to 1000 amperes; 50 to 2800 piv, O 

2 
MODULAR 
SILICON 

RECTIFIERS 
ACTUAL SIZE 

0 Fo printed circuits or terminal 0 
strips-2, 3, and 4 section modules 
of 500 ma diodes, 100 to 600 piv. 0 

0 

SILICON VOLTAGE 

U REGULATORS 
ACTUAL SIZE 

'D Over 90 units in three power classifi-( 
cations—4', 1, and 10 watts; 5.6 to 

0 100 volts breakdown. 0 

o C\ 
Nine standard tube replacement units 
directly interchangeable with more than 
95% of all vacuum tube rectifiers; two 
full-wave replacement unitsfor Citizen's 
Band radios. Special types on request. 

\C) 0/  

5 
SILICON TUBE 

REPLACEMENT 

RECTIFIERS 
1/2  SIZE 

) World's Leading Manufacturers of TV and FM Tuners • Closed Circuit TV Systems • Broadcast 
Equipment • Air Trimmers • FM Radios • Magnetic Recording Tape • Semiconductor Devices 

SEMICONDUCTOR DIVISION • BLOOMINGTON, INDIANA 
  In Canada: 700 Weston Rd., Toronto 9 • Export: Ad Auriema, Inc., New York 

4 
HIGH 

VOLTAGE 

SILICON 
CARTRIDGE 

RECTIFIERS 
1/2 SIZE 

Ferrule mounted and axial lead 
series, each in 18 different types; 

0 600 to 16,000 piv. 

In selecting and specifying these silicon 
rectifiers and voltage regulators, you can 
depend on Tarzian experience and inge-
nuity in manufacturing to deliver high per-
formance devices at realistic prices in the 
quantities you require, whether for test-
ing or full production. 
Competent application engineering 

service is offered without obligation. 
Catalogs and data sheets on all prod-

ucts are available, and will be sent prompt-
ly on request. 

SARKES TARZIAN, INC. 
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS 

HIPAR Proves Effective 

In Hercules Anti-Missile Test 

This new General Electric High Power Acquisition Radar (HIPAR) more 
than triples the detection capability of the U. S. Army's Nike-Hercules 
System. Produced for Western Electric, Nike-Hercules System Prime Con-
tractor, this General Electric radar provides high resolution target data 
at long range and high altitudes on bomber and fighter aircraft, air-
launched missiles and tactical ballistic missiles. The effectiveness of this 
Improved System was demonstrated at the White Sands Missile Range on 
June 3, 1960, with the successful intercept and destruction of a Corporal 
Missile, and in August and September, 1960, when target Nike-Hercules 
Missiles were destroyed by their defending counterparts at altitudes to 
almost 100,000 feet and closing speeds near Mach 7. 176-06 

Progress /s Our Most /m/Doriant7:3-oduct 
HEAVY MILITARY ELECTRONICS DEPARTMENT 

DEFENSE ELECTRONICS DIVISION • SYRACUSE, NEW YORK GENERAL* ELECTRIC 



new CEMENT-COATED EPDXY magnet wire makes possible coils 

The secret's in the bond strength. Anaconda's new 
130 C (class B) cement-coated epoxy magnet wire 
forms a bond so strong that the coil is completely 
self-supporting. 

Cold, it holds its shape perfectly without ties or 
braces; hot, it can be removed from the oven at 
200 C and dipped in encapsulating materials with-
out deforming or losing its shape. Both ways you 
save on production costs. The cement can be activ-
ated by resistance heating, oven heating or solvent. 

The unique Anaconda Epoxy cement coating 
makes all the difference. It softens just enough to 

bond each wire in the coil firmly to adjacent wires. 
The higher the heat (up to 200 C), the stronger 
the bond—it is a contact bond with minimum flow. 

Because of its inherent dielectric properties and 
because of limited flow, the epoxy cement overcoat 
actually contributes to the electrical strength of 
windings. Thus, it is often possible to emply 
cement-coated epoxy film with little or no increase 
in over-all diameter of the wire. 
And here are some other advantages: Anaconda 

cement-coated epoxy magnet wire won't hydrolize 
in closed systems because the cement is an epoxy type 

44 electronics 



that hold their shape without support 

...both cold and hot...even at 200 C 

and the base coat is Anaconda's well-proven epoxy 
enamel. It is completely compatible with standard 
transformer oils, varnishes, insulation and encapsu-
lating materials you are most likely to use. It's avail-
able in all sizes of round, square and rectangular, 
packed in spools, reels, pails and drums. 

For more information about Anaconda cement-
coated epoxy magnet wire, contact Anaconda Wire 
and Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-2E. 

This 24" diameter coil wound with 18 pounds of 
4,-.064x.130CCHEP rectangular magnet wire, is entirely 
self-supporting because it's made of Anaconda's new ce-
ment-coated epoxy magnet wire. The outstanding bond-
strength of this wire is stable at high temperatures, too. 
Coils can be removed from oven and handled while still hot 
without danger of deforming—as shown in picture below. 

ASK THE MAN FROM 

NACON DA 
January 13, 1961 

FOR CEMENT-COATED EPDXY MAGNET WIRE 60257 
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ANNOUNCING A NEW CORPORATION 

IN THE SPACE FIELD 

To develop advanced propulsion systems and power equipment 

for tomorrow's space vehicles 

Astropower, Inc. has been formed as a subsidiary of 
Douglas Aircraft Company with Mr. Y. C. Lee, internation-
ally noted propulsion expert, as president. 

In offering its services for research and development of 
advanced space propulsion systems to system contractors 
and government agencies, Astropower will operate as an 
independent company. The proprietary interests of major 
systems and sub-systems contractors will be respected and 
protected by both Douglas and Astropower. 
A balanced engineering and research program is now 

being formulated to advance the state of the art in— 

• Ultra-high energy propulsion systems in the nuclear, 
chemical and electrical fields 

• Solid state devices and energy conversion equipment 
Mr. Lee is now staffing key positions in Astropower, Inc. 

and will welcome inquiries from qualified engineers and 
scientists having advanced degrees in the areas of nuclear 
physics, plasma physics, solid state physics, thermody-
namics and high temperature materials. 
Astropower's permanent scientific and engineering 

center will be located in one of Southern Cali-
fornia's ideally situated research communities. 

ASTROPOWER, INC. 
Temporary headquarters: 3801 Lakewood Boulevard, Long Beach, California 
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(ADVERTISEMENT) 

Microdot Acquires 
Micro-Test 
Los Angeles —Microdot Inc. has en-
tered the field of strain measurement 
devices through the acquisition of 
Micro-Test, Inc. of Santa Monica, Cali-
fornia. Through this move, Microdot 
will manufacture and market the only 
weldable strain gage in the U.S. — a de-
vice that is capable of continuous opera-
tion at 800°F and dynamic test to 
1500°F. 
The weldable strain gage, used exten-

sively in missile, space, and atomic proj-
ects, will be integrated with Microdot's 
existing pressure, force, and acceleration 
measurement capabilities. 

Weldable strain gages, one-piece, etched 
wire filaments in swaged stainless steel 
tubes,are suitable for use from cryogenic 
to elevated temperatures. Photo shows 
typical gages in actual size. 

The Micro-Test acquisition is in line 
with other current moves by Microdot 
to enhance and broaden the company's 
instrumentation capabilities. Other 
Micro-Test products to be offered by 
Microdot include: temperature sensors 
in 60 and 120 ohm resistances that are 
completely insensitive to strain, and her-
metically sealed load cells with adjust-
able temperature sensitivity offered in 
ranges of from 5,000 to 50,000 pounds 
for both compression and tension-
compression. 

Microdot sees great potential for the 
application of these new devices wher-
ever physical phenomena can be meas-
ured and controlled. The weldable strain 
gage is already being used in atomic 
reactors, the exterior of submarines, in-
side chemical vats, on pilings sunk into 
the St. Lawrence Seaway, and a wide 
variety of airborne defense projects. 

MICRODOT INC. 

220 Pasadena Ave. 
South Pasadena, California 
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"WE HAVE NEVER REJECTED 
TERROR ON PRINCIPLE..? 

The words are Lenin's. 

Remember them ... particularly when 

your contribution to defense—to the 

potential terror of space age war— 

chafes at your principles. 

They'll help you know that 

what you do keeps fingers off buttons... 

that the real business of the defense business 

is survival. 

1961 , MICRODOT INC. 



the industry's widest va-
Stocked for ra i teet yd_e 1 r i ev ae dryy tfhor ro ui gnihmyeodui -r 

off-the-shelf delivery! JIIIDIO CABLE tlroocal Alpha Wire Elec-nic Parts Distributors. 

i 

UNSHIELDED AUDIO CABLE Each conductor tinned copper, 
plastic insulation, color coded, conductors twisted. Available with 
or without plastic jacket in 2 or 3 conductors. Wire sizes 12-22, 
solid and stranded. 

SHIELDED MICROPHONE CABLE Each conductor stranded 
tinned copper, color coded, braided tinned copper shield, insulation 
polyethylene or rubber, with either plastic or rubber jacket overall. 
Available from 1-6 conductors in wire sizes 18-26 stranded. 

: • . ... 
`‘----• ,,,› iiiiiiiim,,..„.à, . .. 

SHIELDED AUDIO CABLE Each conductor tinned copper, plas- 
tic insulation, color coded, conductors twisted, braided, tinned 
copper shield overall. Available with or without plastic jacket 
in wire sizes 12-30. 

..-• 

SHIELDED MULTI-CONDUCTOR CABLE Each conductor 
stranded tinned copper, rubber insulation, color coded, braided 
tinned copper shield, cotton wrap, with either a rubber or a neo-
Prene jacket. Available up to 10 conductors in wire sizes 18 and 20. 

,.......... ..._— 
**-

UNSHIELDED RUBBER CABLE Each conductor stranded tinned 
copper, rubber insulation, color coded, conductors twisted, cush-
ioned with cotton fillers, cotton wrap, tough black rubber jacket 
overall. Available up to 10 conductors in wire size 20. 

PLASTIC INTERCOM CABLE Each conductor tinned copper, 
plastic insulation, conductors color coded, twisted into pairs, gray 
vinyl plastic jacket overall. Available from one pair to 101 pairs 
in wire size 22, solid and stranded. 

MULTI-CONDUCTOR AUDIO CABLE Eash conductor tinned 
copper, plastic insulation, conductors color coded, twisted into 
pairs, gray vinyl plastic jacket overall, or brown cotton braid. 
Available up to 20 conductors in wire sizes 20 and 22 stranded. 

SHIELDED PLASTIC JACKETED CABLE Each conductor 
stranded tinned copper, plastic insulation, color coded, conductors 
twisted, spiral wrapped copper shield, gray vinyl plastic jacket 
overall. Available from 1-4 conductors in wire sizes 16-22. 

ALPHA WIRE CORPORATION subsidiary of LORAL Electronics Corporation eJectronic 
200 Varick Street, New York 14, N. Y. 
Pacific Division: 1871 So. Orange Dr., Los Angeles 19, Calif. 
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design 

management 

FIRST CHOICE 

OF ALL 4! 

Because to use the BUYERS' GUIDE an engineer need only (1) look up the product he wants to buy in the Product 
Listings, where all known manufacturers of the product are alphabetically included (manufacturers who are ad-
vertisers are listed in bold-face type with page numbers of their advertisements) ( 2) turn to the advertising pages 
of manufacturers of the product for specifications (advertisers list all their product lines and product specifications 
in one place) (3) turn to the Manufacturers' Index and find the local sales office (local sales offices are listed 
alphabetically by States with addresses and phone numbers). 

Gives more to all 4! electronics BUYERS' GUIDE and Reference Issue 
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THE FINEST INSTRUMENT 

FOR ALL-PURPOSE TESTING. 

WESTON Model 901 Group 
Now better than ever 

Weston's matched line of Model 901 portables are well known 
for sustained accuracy and dependability under general test 
conditions. This modern group of AC and DC multi-range 
instruments consists of ammeters, voltmeters and wattmeters 
covering a wide range of measurement. 

Designed for critical use, the Model 901 pc series is now 
accurate to 0.25%. Hand-calibrated mirror scales are 
combined with knife edge pointers to eliminate parallax errors. 
Widely-spaced markings on 5.5-inch long scales facilitate 
readability. The Model 904 AC series is now stocked in 
multi-range, frequency-compensated versions only. 

Excellent for field use, these portables are housed in 
rugged plastic. 

Other features include wide, shadow-reducing windows 
which are specially treated against electrostatic effects, and 
self-shielded mechanisms that offer positive protection against 
external magnetic influences. 

Call your Weston representative for complete information, 
or write for Catalog 06-203. Daystrom, Incorporated, 
Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division, 100 Empire St., 
Newark 12, New Jersey. In Canada: Daystrom Ltd., 
840 Caledonia Rd., Toronto 19, Ontario. 

Weston Model 901 Group consists of, Model 

901 DC Instruments; Model 904 AC Instruments; 

Model 902 AC Rectifier-Types; and Model 905 

AC and DC Single Phase Wattmeters. Protec-

tive leather carrying cases are available for 

all models. 

IDAYSTROM ,INCORPORATED 01.1. WESTON INSTRUMENTS DIVISION 

eReeiaL ele b a.I.I.6e, 

e 
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Air Express gets your shipment first on, first off 
When the AIR EXPRESS label goes on your product, it becomes a top priority shipment ... handled 
with kid gloves all the way. It never waits for package accumulation; it goes out immediately and 

on the first plane. And it goes where the jets go—always first on, first off on all 35 scheduled 

U.S. airlines. It's sped from pickup point to plane and delivered at its final destination by one of 

13,000 AIR EXPRESS trucks, many radio-dispatched. Just 

one phone call is all it takes to speed your product — 

large or small—to any one of 23,000 communities in all AIR EXPRESS 
50 states ... by swift, dependable jet-age AIR EXPRESS. 

CALL AIR EXPRESS DIVISION OF R•E•A EXPRESS • GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 



Unmatched for 

MIL-R-11 APPLICATIONS 
Today's best looking resistors are every bit 
as good as they look. Going beyond MIL-
R-11 requirements, Coldite 70+ Resistors 
give important dividends in terms of load 
life, moisture resistance and other important 
characteristics. 

Unmatched for 

EASY SOLDERING 
Thanks to an exclusive extra solder coating 
applied after the usual tin dipping, Coldite 
70+ Resistors solder readily by any method 
—dip or iron. Leads stay tarnish-free and 
solderable even after months in storage. 

fixed composition RESISTORS 

RC-32 

(1-watt) 
RC-42 

(2-watts) 

GET THEM IN 24 HOURS OR LESS 

BALTIMORE, MD. 
Kann-Ellert Electronics, Inc. 

BATTLE CREEK, MICH. 
Electronic Supply Corp. 

BINGHAMTON, N. Y. 
Morris Distributing Co., Inc. 

BIRMINGHAM, ALA. 
MG Electrical Supply Co. 

BOSTON, MASS. 
Cramer Electronics, Inc. 
Sager Electrical Supply 

BROOKLYN, N. Y. 
Electrical Equipment Corp. 

CLEVELAND, OHIO 
Pioneer Electronic Supply Co. 

DALLAS, TEXAS 
Tekko 

DAYTON, OHIO 
Srepco, Inc. 

DENVER, COLO. 
Denver Electronics Supply Co. 

...and G-C 

. from These Leading Distributors 
GLENDALE, CALIF. 

R. V. Weatherford Co. 

INDIANAPOLIS, IND. 
Radio Distributing Co. 

KANSAS CITY, MO. 
Burstein-Applebee Co. 

MELBOURNE, FLA, 
Electronic Supply 

MIAMI, FLA. 
Electronic Supply 

NEW YORK, N. Y. 
Electronic Center, Inc. 
Harvey Radio Co. 
Milo Electronics Corp. 
Sun Radio & Electronics Co., Inc. 

PHILADELPHIA, PA. 
Almo Radio Co. 

ROANOKE, VA. 
Peoples Radio & TV Supply Co. 

SAN DIEGO, CALIF. 
Radio Parts Co. 

SCRANTON, PA. 
Fred P. Pursell 

SEATTLE, WASH. 
C & G Electronics Co. 

ST. LOUIS, MO. 
Interstate Supply Co. 

SYRACUSE, N. Y. 
Morris Electronics of Syracuse, Inc. 

TACOMA, WASH. 
C & G Electronics Co. 

WASHINGTON, D. C. 
Electronic Industrial Sales, Inc. 

WATERBURY, CONN. 
Bond Radio Supply Co. Inc. 

WEST PALM BEACH, FLA. 
Goddard Distributors, Inc. 

WICHITA, KANS. 
Interstate Electronic Supply Corp. 

WILBRAHAM, MASS. 
Industrial Components Corp. 

WINSTON-SALEM, N. C. 
Dalton-Hege Radio Supply 

/ STACKPOLE, TOO!—Attractively packaged by G-C Electronics for service 
replacement uses, Coldite 70, Resistors are also available through over 800 G-C distributors. 
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EL34 
25W output pentode 

• Mullard' is the trademark of Mullard Limited 

BRITAIN'S FIRST CHOICE 

FOR FIRST EQUIPMENTS 

6CA7 

Output pentode rated for 25W anode dissipation, 
intended for use in a.c. mains operated equipment. 

Characteristics 

250 V 
V„ 250 V 
V„O V 

100 mA 
15 mA 

—12.2 V 
gu, 11 mA/V 
r,, 15 

11 

SUPPLIES AVAILABLE FROM: 

IN THE U.S.A. 
International Electronics Corporation 
81 Spring Street. New York 12, N.Y. 
Worth 6-0790 

IN CANADA 
Rogers Electronic Tubes & Components 
116 Vanderhoof Avenue, Toronto 17, Ontario. 
Hudson 5-8621 

Mullard ELECTRONIC TUBES 
52 CIRCLE 52 ON READER SERVICE CARD 

MULLARD OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND 

MEV 104 
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Semiconductors for Computer Circuitry 

Now...12-Nanosecond 
Total Switching Time 
with CBS MADT* 
Transistors 
Total switching time for typical CBS 2N501 and 
2N501A transistors in this circuit is less than 12 
nanoseconds. The basic circuit can readily be cas-
caded to form fast-switching ON and OFF stages 
for computers. Since the transistors have a high 
gain-bandwidth product at only -3 collector volts, 
the size and cost of your power supply can be 
substantially reduced. 

The economical CBS 2N501 and 2N501A also 
offer a wide choice of design possibilities in other 
fast-switching circuits. Consult the table for high 
switching rates permitted in the variety of circuits 
shown. 

Order engineering samples for your prototype 
design. Call or write for technical data and delivery 
information, today, from your local sales office or 
Manufacturer's Warehousing Distributor. 

Wide Choice of Fast Switching Circuits 
With CBS 2N501 and 2N501A 

Logic Circuits Switching Rate 
Special non-saturating  140 mc 
Emitter follower coupled  140 mc 
Base gating  140 mc 
Transformer coupled pulse  140 mc 
Diode transistor logic (DTL)   20 mc 
Resistor capacitor transistor logic (RCTL)  20 mc 
Direct coupled transistor logic (DCTL)   7 mc 
Resistor transistor logic (RTL)   1 mc 

Pulse Generators & Shaping Circuits 
Blocking oscillators   10 mc 
Regenerative amplifiers   10 mc 
Schmidt trigger circuits   10 mc 
Monostable multivibrators   5 mc 

High Current Pulse Ampliperst 
Line drivers   I 0 mc 
Core drivers   10 mc 
Read-write amplifiers   10 mc 
TSwitching current, 35 ma. 

*Micro Alloy Diffused-base Transistor, trade-mark, Philco Corp 

CBS semiconductors 
e 

More Reliable Products through Advanced Engineering 

IN THIS NEW CIRCUIT, CBS 2N501 and 2N 501A 

transistors achieve delay, rise, storage and fall 

times of 2.0, 3.7, 3.2, and 2.3 ris respectively. 

CBS MADT 

2N501 and 2N501A 

TRANSISTORS 

CBS ELECTRONICS, Semiconductor Operations, 
Lowell, Mass. • A Division of Columbia Broadcasting System, Inc. 
Semiconductors • tubes • audio components • microelectronics 

Sales Offices: Lowell, Mass., 900 Chelmsford St., GLenview 2-8961 • 
Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 • Melrose Park, Ill., 
1990 N. Mannheim Rd., EStebrook 9-2100 • Los Angeles, Calif., 2120 S. 
Garfield Ave., RAymond 3-9081 • Minneapolis, Minn., The Heimann 
Co., 1711 Hawthorne Ave., FEderal 2-5457 • Washington, D. C., 1735 
Desales St., N.W., EMerson 2-9300 • Dayton, Ohio, 39 North Torrence 
St., CLearwater 2-1972 • Toronto, Ont., Canadian General Electric Co., 
Ltd., LEnnox 4-6311. 



TIME 

New B/A Model NC-1 

TESTS POWER 
TRANSISTORS 
BY VARYING 
DUTY CYCLE 

(1/60 Sec.) 

• Minimizes heat sink requirements 

• Puts less stress on the transistor 

• Permits tests at very high power levels —750 watts maximum 
power with maximum current of 50A or maximum voltage 
of 250V. 

The Baird-Atomic NC-1 is the only direct reading, variable duty 
cycle, medium and high-power transistor test set on the market. 
This instrument applies suitable pulse drive signals to the transistor 
under test and then peak detects the resulting current pulses so 
that they have the same measuring value as steady state DC. The 
average power in the pulse signals is considerably lower than would 
be required if steady state DC biases were applied. Thus, measure-
ments can be made at power levels higher than the transistor could 
survive if normal DC measurement methods were used. At the 
same time, less stress is put on the transistor itself. Under optimum 
conditions, the power fed into the transistor is but 6/10ths of 1% 
of the power used with conventional DC currents. 

With the NC-I, tests are conducted under pulse conditions in the 
common emitter configuration — the meters present DC readings 
of V.., I., V.. and I. The instrument also measures leakage cur-
rent and floating potential by standard techniques. 

0 0 0 

CURVE TRACER MODEL MW-1 
• Designed to display families of characteris-
tic curves for PNP and NPN transistors — 
either common base or common emitter con-
figurations. 
• Both input and/or output current or voltage 
may be selected as components of the curves 
displayed. 
• Operational range includes the highest 
maximum current (30 amp collector current 
continuous duty — 50 amp intermittent, 450 
watts maximum available power) and the 
lowest observable impedance (.001 ohms) now 
available. 
• Maximum input current is 5 amp. 
• Automatic overload protection. 
• Users say this is the finest, most versatile 
instrument on the market. (Illustration shows 
instrument with tube adaptor.) 

EXAM PIE 

Here is how the variable duty cycle tests may 
be used to advantage. Shown below is a typical 
power transistor C-E set of collector charac-
teristics. 

5A - 
Pc= 50 watts 

10 
Ve 

Suppose that we desire to measure the DC 
current gain at point X. A steady state voltage 
of 10V and a current of 5A would be required. 
If conventional DC biases were used, 50W of 
input power would have to be dissipated by a 
very large heat sink or auxiliary cooling, such 
as forced air. 
Consider now testing this transistor by the 

pulse method. We can apply a peak collector 
voltage of 10V and suitable base drive to pro-
duce collector current pulses 5A peak. 

For the current pulses 100 msec. wide at 
1/60 Sec. repetition, the average power is: 

P = V. I. /T 

(100 X 109 
(10)(5) — = 0.3 Watt 

1/60 

BA/1:?.0—A7-011,4/C,/NC. 

33 University Road, Cambridge 38, Mass. 

BAIRD-ATOMIC HAS THE MOST COMPLETE LINE OF TRANSISTOR TEST EQUIPMENT 
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SILICON NEWS from Dow Corning PART 
The Untouchables 2 
Single Crystal Silicon... 
the "Pinnacle of Purity" 

Write for "Hyper-Pure Silicon 
for Semiconductor Devices." 

Address Dept. 3513a. 

Dow Corning single crystal silicon is pro-
duced by vacuum zone refining hyper-pure poly-
crystalline rod. Result: The purest silicon pro-
duced! Typically, impurity content is only 0.15 
part per billion of boron for crystals that are 
consistently above 1000-ohms centimeter resist-
ivity. Boron content is even lower for crystals of 
2000-ohms centimeter and above ... available on 
a selective basis. 

This highest purity P-type silicon is the re-
sult of a completely integrated processing facil-
ity that starts with the production of trichloro-
silane and ends with the crystals heat-sealed in 
airtight polyethylene envelopes. Purity and qual-
ity control dominate every step — in producing 
the basic chemicals . . . in growing polycrystal-
line rod . . . in vacuum zone refining . . . in 
product evaluation and in packaging. 

Purity pays off . . . in rectifiers and diodes 
having higher peak inverse voltage ratings — in 
maximum utilization because of uniform lateral 
and radial profiles over the entire length of 
the rod. With Dow Corning single crystal rod, 
you're assured of maximum yield and mini-
mum waste per rod. Rod diameter variation is 
controlled to less than 1.4 mm (0.055 inches)— 
simplifying mechanical preparation for either the 
diffusion or alloying process. 

Hyper-pure silicon for every need is now 
available from Dow Corning. If you grow your 
own crystals from polycrystalline chunk using 
the Czochralski method . . . if you zone refine 
polycrystalline rod . . . if you need 1000-ohm 
centimeter or better resistivity in single crystal 
P-type — Dow Corning should be on your pre-
ferred source list. 

Each Dow Corning single crystal rod is checked 
for resistivity over its entire length. Resistivity 
and lifetime profiles, like those shown below, 
are supplied with each crystal. 

HYPER-PURE SILICON DIVISION 
Address: HEMLOCK, MICHIGAN 

Dow 4:›re-iing CORPORATION 
MIDLAND. MICHIGAN 

January 13, 1961 

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D.C. 
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SILICONE NEWS from Dow Corning 

When Miniaturizing 

Design Problems Are Simplified 
With Silicone-Glass Laminates 
Miniaturization means heat. Heat that has to be dissipated from smaller 
surface areas. Temperatures go up — and materials like Dow Corning 
Silicones come into their own! 

Take silicone-glass laminates, for example. At high temperatures they 
have dielectric properties that are superior to those of other laminated 
materials. In addition, silicone-glass laminates have excellent resistance 
to ozone, arcing, corona, and fungus attack , . . even the formidable com-
bination of high humidity and high voltage. 

Mechanical strength is good — permitting thin, rigid coil bobbin walls, 
more winding space and better resistance to winding pressure. One-piece 
laminated coil bobbins, like those shown, are used in continuous opera-
tion at 250 C, have been tested at 400 C for 1,000 hours. This high tern-
perature resistance means soldering heat doesn't loosen terminals. 

These are reasons why the Foster Trans-
former Company, Cincinnati, Ohio, speci-
fies coil bobbins of silicone-glass laminates 
for transformers they manufacture. Multi. 
flange coil bobbins simplify manufacture 
of computer power transformers. Used in 
airborne guidance control systems (top of 
insert), they weigh only .85 pounds each. 
This transformer, the filter chokes (cen-
ter) and output transformer (bottom) all 
have coil bobbins made from silicone-glass 
laminates . . . are impregnated with Dow 
Corning silicone varnish to assure reli-
ability of lightweight miniaturized designs. 

Glass laminates made with Dow Corning 
Silicones are available from leading lam-
inators. Write for a list! 

CIRCLE 289 ON READER SERVICE CARD 

For "Silicones for the 
Electronic Engineer", 

Write Dept. 3513r 
CI am/ 4Carririg 
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. . . Specify Silicones 
For Constant Capacitance 

Dow Corning silicone fluids are, in themselves, excellent 
dielectrics. In capacitors and RF filters, silicone fluids 
boost the performance of the paper dielectric . . . substan-
tially increase permissible operating temperatures, decrease 
electrical losses. Highly stable to changing environments, 
silicones show little drift in electrical or physical proper-
ties over a broad range of temperature and frequency con-
ditions . . . often eliminate costly compensating circuit. 
To assure an almost constant capacitance vs. temperature 
relationship for their specialty capacitors ... and the lowest 
possible power factor for their RF interference filters . . . 
The `Filtron Co., Inc., of Flushing, N. Y., impregnates 
their RF interference filters and capacitors with Dow 
Corning silicone fluid. 

CIRCLE 290 ON READER SERVICE CARD 

Silastic RTV Packages . . . Protects 

Built by Vitro Laboratories, Silver Spring. Md., this pre-
amplifier consists of a vacuum tube and three transistor 
stages containing a total of twenty-five parts. Design speci-
fications called for a package no larger than 1-7/16" 
diameter by 5" ... plus operating requirements of high 
insulation strength, heat stability, resistance to shock, 
vibration and moisture. These were met conveniently and 
easily by mounting the components on a printed circuit 
board, encapsulating the unit with Silastic® RTV, the Dow 
Corning room-temperature vulcanizing silicone rubber. 

Silastic RTV is poured over the unit until the mold is com-
pletely filled. It exerts a firm grip on components, 
eliminating clamps and brackets . . . soaks up shock and 
vibration, dissipates heat, locks out moisture. 

CIRCLE 291 ON READER SERVICE CARD 

To Save Space . . . Cut Weight 

Airborne Accessories Corporation, Hillside, N. J., uses a 
variety of miniaturization techniques in designing power 
drives for actuators and other devices. One of their most 
important tools in making smaller, more reliable drive 
motors is silicone insulation, including Dow Corning Sili-
cone Varnish impregnation. Its use on these high perform-
ance motors assures utmost reliability under almost con-
tinuous on-off-reverse operation . . . helped designers 
provide up to 50% more power per pound. 

This 400-cycle silicone insulated actuator motor has a 
4.25 inch frame, weighs only 13.2 pounds with brake, is 
rated 2.5 hp, 11,000 rpm continuous duty; to 6 hp, 9,000 
rpm intermittent duty. 
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MADE IN ITALY 

POTENTIOMETERS • POTENZIOME" 
POTENTIOMETRES • PC 

POTENTIOMETER 
NTIOMETROS 

Choose from hundreds 
of factory models 

Custom made to your 
specifications 

\\ )11(I Renowned Reliability 

LESA COSTRUZIONI ELETTROMECCANICHE S. P. A. - VIA BERGAMO, 21 - MILANO ITALY 

LESA OF AMERICA 11 WEST 42ND STREET - NEW YORK, 36 - N. Y. - U.S. A. 
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DORSETT 

Qualified Telemetry Telemetry System 

MEETS MIL-I-5272 
Environment 

This is the Ryan Q-2C Firebee Drone's telemetering system ... packaged 
by Dorsett engineers in a compact 8" x 13" x 51/4 " configuration. These 
standard Dorsett telemetry components are used in the Model TMS-106 
system: up to ten Model 0-3 tube-type subcarrier oscillators, a Model PS-31 
solid state power supply, an R-40 voltage regulator, a Model TR-4 PM trans-
mitter, and a 25-watt A-25 amplifier. 

For your telemetering requirement, whether missile, aircraft, drone, or 
balloon, DORSETT provides proved capabilities and facilities for the design 
and production of FM FM, FM PM, FM 'FM FM and PDM , FM systems and 
components. Geared to quantity production orders, DORSETT also provides 
close progressive technical liaison that assures customer satisfaction. Write 
today for specifications on proved-design DORSETT telemetry equipment. 

DORSETT ELECTRONICS 

LABORATORIES, INC. 

1 1 9 WEST BOYD NORMAN, OKLA. JE 4- 3750 
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Model 
101 

LOW COST 

PRODUCTION EYELET MACHINES 

FROM 

$85. 

TO 

$385. 

We specialize in production machines for electrical and 

electronic needs. Used by leading makers of PW boards 

for setting funnel flange, standardized, and special eye-

lets, from smallest sizes to 3/8 ". Best value on the market. 

Model 101 air-operated machine automatically adjusts to 

various thicknesses. Cuts damage when setting plastics, 

ceramics, PW boards, glass, leather, etc. 

FREE BULLETIN NO. AE100 
Solve your eyelet machine problems fast — Write today. 

EYELET TOOL CO. 
INCORPORATED 

31 Carleton Street, Cambridge, Mass. 
CIRCLE 203 ON READER SERVICE CARD 
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CANNON INCLUDING THE ONLY SERIES APPROVED TO MIL-C-25955! Cannon Hermetic Seals meet low leakage rate requirements under the most extreme pressures and 

HERIAETICALLY environments. The Cannon KH Series are the only approved 

receptacles to MIL-C-25955, which requires leakage rates of 

less than .001 micron cubic foot per hour (1.5 x 10-8 cc/sec). Our Phoenix Plant is 

with hermetic seal specialists—combines in one location every phase of engi-

neering, manufacturing, and testing to produce hermetically sealed plugs with the 

PLUGS highest standard of performance in the industry. Hermetically sealed receptacles are 

available for most popular plug lines.., with some series designed to withstand intense 

thermal shocks—temperatures from —100°F to 1000°F—pressures above 2000 psi! 

Our standard receptacles are available from Authorized Cannon Distributors. For 

complete information on the standards or custom designs write to: 

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

January 13, 1961 

CANNON 
PLUGS 
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Tracking a urveillance Drone 
the Visicorder 

Drone surveillance and reconnaissance gives U.S. Army 
combat units a high-altitude vantage point with much 
broader horizons from which to view battlefield action 

"f.ee _ and terrain. 
If effective use of the data gathered by the drone— 

the "eye in the sky"—is to be made, accurate instruments 
have to be on hand to monitor the drone's position and 
movement, its operational behavior and its response to 
flight commands. Telemetry supplies the radio link which 
transmits all this behavior information to a thoroughly-
instrumented mobile tactical command post developed by 
Tele-Dynamics Division of American Bosch Arma Corp. 
The Honeywell Model 1012 Visicorder has been selected 

as the direct readout unit in the Tele-Dynamics Drone 
Surveillance Telemetry system. In use with its companion 
instrumentation, the 36-channel Visicorder simultane-
ously displays the 22 channels of information required to 
track a drone, plus the timing traces. 

In the Tele-Dynamics van, which serves as a tactical 
command post, the Visicorder provides both an instant 
"quick look" and a permanent record of the drone's 
operational parameters. 

Signals are transmitted over a single channel by time-
multiplexing. Signal and battery strength, engine speed 
and temperature, pitch and roll commands, altitude, air-
speed, attitude (pitch and roll), yaw, acceleration (hori-
zontal and vertical), and angle of attack are recorded by the 
Visicorder, along with three separate records of vibration. 

Like the other units of the Tele-Dynamics system, 
these Honeywell Visicorders are built for rugged service 
. . . to deliver the data . . . when the drone is up and the 
chips are down. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration of how a Visicorder 
Oscillograph will save you time and money in data acqui-
sition. OEM inquiries invited. 

Reference Data: write for bulletins 906, 1012, 110 8 and 14 0 6. 
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 Minneapolis-Honeywell Regulator Co. 

Industrial Products Group, Heiland Division 

5200 E. Emus Avenue, Denver 22, colorado 

Honeywell 
H 

HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. 
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CANNON 
INCLUDING THE ONLY SERIES APPROVED TO MIL-C-25955! Cannon Hermetic 

Seals meet low leakage rate requirements under the most extreme pressures and HERMETICALLY environments. The Cannon KH Series are the only approved 

receptacles to MIL-C-25955, which requires leakage rates of 

less than .001 micron cubic foot per hour (1.5 x 10.8 cc/sec). Our Phoenix Plant is 

with hermetic seal specialists—combines in one location every phase of engi-

neering, manufacturing, and testing to produce hermetically sealed plugs with the 

1p LUGS  highest standard of performance in the industry. Hermetically sealed receptacles are 

available for most popular plug lines.., with some series designed to withstand intense 

thermal shocks—temperatures from —100°F to 1000°F—pressures above 2000 psi!   

CA Our standard receptacles are available from Authorized Cannon Distributors. For NNON 
complete information on the standards or custom designs write to: 

PLUGS 
CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif.   
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New high power 
silicon 
rectifier cells 
Ratings to 600 volts. 
to 240 amps! 

Designed specifically for high-power applications, this new 
Type 439 Westinghouse rectifier cell features a peak reverse 
voltage rated at 600 volts. Another Westinghouse exclusive is 

the fused ceramic-to-metal construction that is hermetically 

sealed for extra reliability, extra ruggedness, extra-long life. Other 
features include: 

• Lightweight (8 oz.), small size 

• Hard soldered connections 

• Junction temperatures to 190°C. 

• No thermal fatigue 
High current, high voltage applications include: Electro-chemical 
refining / Plating / Elevators / Cranes / D-C motors / Battery 
chargers / Railway traction / Welders. 
For more information, call your nearest Westinghouse repre-
sentative or semiconductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 
When it comes to semiconductors . . . you can be sure ... if 

it's Westinghouse. sc-ioio 

Westinghouse 

Currents 
For immediate "off-the-shelf" delivery, order 

from these Westinghouse Distributors: 

EASTERN 
ACK SEMICONDUCTOR, INC. 

Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./'EX 1-4000 
CRAMER ELECTRONICS, INC. 

Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS INC. 

Melbourne, Florida'PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. 

Camden, N. 1./WO 4-8560 
GENESEE RADIO PARTS CO. 

Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 

Baltimore, Md./TU 9-4242 
MI LGRAY ELECTRONICS 

New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 

Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 

Long Island, N. Y./PI 6-6520 
MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 

INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 

LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 

Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 

Chicago, Ill./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. 

Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 

Dallas, Texas/TA 4-3001 
WESTERN 
ELMAR ELECTRONICS 

Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 

Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO. 

Inglewood, Calif.'OR 4-8440 
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Tracking a urveillance Drone 
wit the Visicorder 

Drone surveillance and reconnaissance gives U.S. Army 
combat units a high-altitude vantage point with much 
broader horizons from which to view battlefield action 
and terrain. 

If effective use of the data gathered by the drone— 
the "eye in the sky"—is to be made, accurate instruments 
have to be on hand to monitor the drone's position and 
movement, its operational behavior and its response to 
flight commands. Telemetry supplies the radio link which 
transmits all this behavior information to a thoroughly-
instrumented mobile tactical command post developed by 
Tele-Dynamics Division of American Bosch Arma Corp. 
The Honeywell Model 1012 Visicorder has been selected 

as the direct readout unit in the Tele-Dynamics Drone 
Surveillance Telemetry system. In use with its companion 
instrumentation, the 36-channel Visicorder simultane-
ously displays the 22 channels of information required to 
track a drone, plus the timing traces. 

In the Tele-Dynamics van, which serves as a tactical 
command post, the Visicorder provides both an instant 
"quick look" and a permanent record of the drone's 
operational parameters. 

Signals are transmitted over a single channel by time-
multiplexing. Signal and battery strength, engine speed 
and temperature, pitch and roll commands, altitude, air-
speed, attitude (pitch and roll), yaw, acceleration (hori-
zontal and vertical), and angle of attack are recorded by the 
Visicorder, along with three separate records of vibration. 

Like the other units of the Tele-Dynamics system, 
these Honeywell Visicorders are built for rugged service 
. . . to deliver the data . . . when the drone is up and the 
chips are down. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration of how a Visicorder 
Oscillograph will save you time and money in data acqui-
sition. OEM inquiries invited. 

Reference Data: write for bulletins 906, 1012, 110 8 and 14 0 6. 

Minneapolis-Honeywell Regulator Co. 

Industrial Products Group, Heiland Division 

5200 E. Evans Avenue, Denver 22, colorado 

Honeywell 

HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of lhe world. 
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Astounding 
Performance 

Allied's tine of 

mall an 
Commercial 
"Cradle" Nags 

Life in the hundreds of millions 

Small size and weight • Low level up to 5 
amperes • Sensitivity from 50 milliwatts 
• Up to 6-pole double-throw • Sealed, open 
or dust cover • Plug-in, printed circuit or 
solder type terminals • Stocked throughout 
the country • Amazingly low cost • Write 
for our complete new 4-page Cradle Relay 
Bulletin. 

@ALLIED CONTROL 
ALLIED CONTROL COMPANY, INC. 

2 East End Avenue, New York 21, N. Y. A 
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ESC's new miniature 
Transponder Delay Line fits 

into just 6 cubic inches! 

Custom variations available to your exacting specifications. 

For modern airborne equipment, where space and weight are 
critical, ESC has created a new Miniature Transponder Delay Line 
— Model 52-44... which embodies the most advanced tech-
niques of weight and space reduction. It measures just 6 cubic 
inches total! 

Specifications—Model 52-44, 
Impedance —470 ohms 
Delay Time — 20.3 -±.1 
Rise Time— .6 (max.) 
Temperature Coefficient-

65 ppm or better over a temperature range of —55°C to +125°C 

WRITE TODAY FOR COMPLETE TECHNICAL DATA. 

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

Lumped Constant Delay Line: 
Attenuation — 4 db 
Size — 1" x 2" x 3" 
Weight — 6 ounces 
Tapped as required 

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

Distributed constant delay lines • Lumped-constant delay lines • Variable delay 
networks • Continuously variable delay lines • Step variable delay lines • 
Video transformers • Filters of all types • Pulse-forming networks • Miniature 
plug-in encapsulated circuit assemblies. 

'With 1 pint of Hydro-Sonic Cleaning Solution Concentrate 

All 3 Ultra-Cleen '320' ultrasonic cleaners are com-
pact—yet their 'peak power' cleans a larger volume 
of larger pieces faster, more quickly, more efficient-
ly. New electronic circuitry transmits ultrasonic 
sound waves directly from built-in generator to 
transducerized tank. Write today for details! 

"The finest in precision 
parts cleaning for over 30 years" 

MANUFACTURING COMPANY 
588 Elm Street, Kearny, N. J. • Chicago 2, Ill. • Los Angeles 13, Calif. 
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Write for 
Free Bulletins 

Dept. 20 

where stability 
and miniaturization 
are primary 

SEMICONDUCTORS 
COPPER OXIDE 
AND SELENIUM 

INSTRUMENT RECTIFIERS 
RING MODULATORS 
HIGH-VOLTAGE RECTIFIERS 
VOLTAGE REGULATORS 

SWITCHED RECTIFIERS 
CHOPPERS 

SPECIAL PURPOSE UNITS 

LIST PRICES FROM .42c 
5 COPPER OXIDE CELL STYLES FROM 
.080" to .500" DIA. ACTIVE AREAS .0012 to 
.125 SQ. IN. 

SELENIUM CELL SIZES FROM .080" round 
TO 2" SQUARE. .020" TO .045" THICK. 

CONANT LABORATORIES 

LINCOLN, NEBRASKA 
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1N821A 
1N823A 
1N825A 
1N827A 

6.2 volt 
temperature 
compensated 

reference 
diodes 

ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise specified) 

TYPE 

V. 
Zener Voltage 

at 1,, = 7.5 mA 
Volts 

Z,, 
Max Dynamic 
Impedance 

at I. =- 7.5 mA 
Ohms 

Voltage 
Temperature 
Coefficient 

(-55 °C — +100°C) 
at I. = 7.5 mA 

%/°C 

Max Millivolt 
Change 

at I. = 7.5 mA 

—55°C 
to 

-1-25°C 

+25°C 
to 

÷100°C 

1N821A 5.9 — 6.5 10 0.01 50 46 

1N823A 5.9 — 6.5 10 0.005 25 23 

1N825A 5.9 — 6.5 10 0.002 10 9.2 

1N827A 5.9 — 6.5 10 0.001 5 4.6 

OHMS MAXIMUM 

OHMS TYPICAL 

NEW LOW IMPEDANCE ZENERS from MOTOROLA 
minimize voltage fluctuations due to current changes 
Motorola brings you dramatically in-
creased stability with this new series of 
6.2 volt temperature-compensated zener 
diodes. Their typical dynamic impedance 
of 8 ohms is nearly half that of presently 
available units . . . greatly minimizing 
voltage fluctuation due to current 
changes. 

The Motorola 2N821A series makes 

ultra-stable reference sources possible 
for many precision applications which 
now require complex constant-current 
circuits. They are ideal for digital volt-
meters, high-stability oscillators, analog 
to digital converters and similar applica-
tions. 
The new units are housed in DO-7 axial-
lead glass packages and cost no more 
than conventional 1N821-7 types. 

FOR COMPLETE TECHNICAL INFORMATION 
on the 1N821A series and the 1N3154A series, 
as well as the 1N821 and 1N3154 series, 
write for #DS8001 and # DS8002. 
Please address inquiries to MOTOROLA 
SEMICONDUCTOR PRODUCTS INC., 
Technical Information Department, 
5005 East McDowell, Phoenix, Arizona. 
A complete line of subminiature 
temperature-compensated reference diodes 
is available from Motorola. 

DISTRICT OFFICES 

Boston/Chicago/Dallas/Dayton/Detroit/Los Angeles/Minneapolis 
New York/Orlando/Philadelphia/San Francisco/Syracuse/Washington 

Jen u ry 12, 1961 

SUBMINIATURE 8.4 VOLT ZENERS NOW AVAIL. 
ABLE — Motorola is now supplying 8.4 volt tem-
perature-compensated zeners in DO-7 axial-lead 
glass packages. The new 1N3154A series is less 
than 1 5 the size of equivalent diodes now in use. 
IMMEDIATELY AVAILABLE — All of these new 
Motorola temperature-compensated zeners are 
available at factory OEM prices in quantities 
from 1 to 99 . . . from your Motorola Semicon-
ductor Distributor. 

MOTOROLA 
Semiconductor leercrclucts Inc. 

A Si-E,Sir AR OF MOTOROLA 

5005 EAST McDOWELL ROAD • PHOENIX, ARIZONA 

CIRCLE 65 ON READER SERVICE CARD 65 



Electronic Engineers 
for assignments 

on APL's 
satellite program 

Research • Development 

Systems Engineering 

You will find association with APL particularly rewarding 
if you appreciate an atmosphere conducive to original think-
ing, and if you are capable of making contributions to 
advance the state-of-the-art. 

Satellite Development Group 

The group is concerned with research and development of 
satellite-borne equipment, which will be capable of perform-
ing highly complex functions. The instruments have to 
operate in a space environment on exceedingly low power 
sources, and they have to work for five to ten years without 
ma lfunction. 

Emphasis is on conceptual design rather than hardware 
fabrication. Engineers will work without close supervision, 
will enjoy freedom to create and investigate, and do not 
have to spend much time writing proposals. BS or more in 
physics or electronic engineering required. Two or more 
years of experience in transistor switching circuits and famili-
arity with utilization of memory and/or logical devices 
desired. 

Satellite Ground Systems Group 

This group is responsible for the design of data handling 
systems for use in shipboard and airborne navigational equip-
ment, and for ground tracking equipment. Assignments 
involve development of novel and highly sophisticated data 
processing systems, systems coordination, and technical 
supervision of contractors. 
BS or more in physics or electronic engineering plus four 

to five years of experience in data processing systems 
required. 

For details about these career 
opportunities, address your inquiry to: 

Professional Staff Appointments 

The Applied Physics Laboratory 
The Johns Hopkins University 

8633 Georgia Avenue, Silver Spring, Md. 
(Suburb of Washington. D. C.) 

A NEW SERVICE 

NOTICE 
TO 

READERS 

FREE 
REPRINT 

OF THE 

MONTH 
Each month the editors 

of electronics are selecting 

a significant article and 

offering it in reprint form 

—FREE—to readers. 

For January, RECENT 

PROGRESS IN MAGNET-

ICS, prepared by Nilo 

Lindgren, Assistant Editor, 

has been chosen. This arti-

cle, in the issue of the 13th, 

reports on advances in all 

magnetic logic, compari-

sons of ferrite cores and 

thin film submicrosecond 

memory elements, prepa-

ration of thin films, ferro-

magnetic devices and 

studies of spiral walls in 

permalloy films. 

Order your free copy 

now by checking the ap-

propricrte box on the 

Reader Service Card in 

this issue. 

electronics 
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YOU 
CAN 

MAGNIFY 
200 
TIMES* 

CBS ELECTRONICS 

HR Systems. Magnify 200 Times with 

)0 Times with CBS UHR Systems. 

WITH 
CBS 
UHR 
SYSTEMS! 

Is. Magnify 200 Times with CBS 

s with CBS UHR Systems. Magnify 
gnify 200 Times with CBS UHR 

- BS UHR Systems. Magnify 200 

0 Times with CBS UHR Systems. 

s. Magnify 200 Times with 

CBS UHR Systems. 
n0 Times with CBS U 

*200:1 reduction and 1:200 magnification shown actual size. 

CBS ultrahigh-resolution cathode-ray tubes make possible the most 
advanced information retrieval and display applications for mili-
tary and industrial use. The illustration shows a unique 200:1 
readout of a typewritten letter completely legible. This advanced 
application is possible because of the large number of available TV 
elements on CBS UHR tube screens; e.g., 36,000,000 with the P12 
phosphor used in the readout tube. 

Twenty-seven CBS UHR types with improved screens and elec-
tron guns are now available. They offer two resolution levels and 
five phosphors in 3-, 5- and 7-inch diameters. Note their features, 
characteristics, applications. Let us discuss with you your special 
requirements. Write or call today . .. be sure to ask for Technical 
Bulletin E-333A. 

FEATURES 
RESOLUTION ... up to 2600 TV lines/inch with less than 15% deterio-

ration in the edges. LINEARITY ... deflection linear to 1%. SPOT SIZE 
... 1 mil diameter as defined by Rayleigh resolution condition. ORTHO-
GONALITY.. . adjustable to zero. HARDWARE ... advanced CBS mag-
netically shielded focus and deflection coil assemblies available for 
maximum resolution. 

TYPICAL APPLICATIONS 
Strip radar ... photoreconnaissance ... facsimile ... photoreproduction 
... information transfer for remote data pickup ... industrial and medi-

cal closed-circuit TV 

CBS industrial tubes 

TYPE 

27 CBS UHR TYPES AVAILABLE 
RESOLUTION 

TV 
lines/inch 

BRIGHTNESS 
Foot-Lamberts 

Qi 55A 

FILM DENSITY 

At 5µA 

• 
• 3AVP5 
• 

3AVP11 • 
• 3AVP16 
• DP3-27P24 
• 3AWP5 
• DP3-33P11 
• DP3-34P12 
• DP3-35P16 
• DP3-36P24 
• 
• 
• 
• 5CQP5 
• 5CQP11 
• 5CQP16 
• DP3-25P24 
• 5CRP5 •• 

DP3-23P11 
• DP3-18P12 
• DP3-19P16 
•• DP3-24P24 

• 
• 
• 7AVP5 
• 7AVP11 
• 7AVP16 

DP3-26P24 
• 7AWP5 
• DP3-28P11 
• DP3-29P12 
• DP3-31P16 
• DP3-32P24 
• 
• 

3-INCH TYPES 
2000 3 
2000 23 
800 .5 
2000 5 
2600 5 
2600 19 
2100 32 
1300 .4 
2400 11 

5-INCH TYPES 
2000 3 
2000 23 
800 .5 

2000 5 
2600 5 
2600 19 
2100 32 
1300 .4 
2400 11 

7-INCH TYPES 
2000 3 
2000 23 
800 .5 
2000 5 
2600 5 
2600 19 
2100 32 
1300 .4 
2400 11 

.52 

.80 

.84 
1.25 
1.00 
1.16 
1.52 
1.24 
.52 

.52 

.80 

.84 
1.25 
1.00 
1.16 
1.52 
1.24 
.52 

.52 

.80 

.84 
1.25 
1.00 
1.16 
1.52 
1.24 
.52 

Persistence and Peak Color... P5: 255s, 4200 A^; P11: 825s, 4600 A'; 
• P12: 2.1 n 10 ,5s, 5900 A'; P16: 0.15s, 3830 /1'; P24: 1.55s, 5100 A'. 

CBS ELECTRON ICS, Danvers, Mass., A Division of Columbia Broadcasting System, Inc. 
Sales Offices: Danvers, Moss., 100 Endicott St., SPring 4-2360 • Newark, N. J., 231 Johnson Ave., TAlbot 4-2450 • Melrose Park, Ill., 1990 N. Mannheim Rd., 
EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 • Atlanta, Ga., Cary Chapman & Co., 600 Trunco Way, S. W., PLaza 8-4506 
Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 • Dayton, Ohio, 39 North Torrence St., CLearwater 2-1972 • Washington, D. C., 
1735 Desales St., N.W., EMerson 2-9300. 
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"A revolutionary and practically invulnerable ballistic missile 

system." President Eisenhower thus characterized the POLARIS 

Fleet Ballistic Missile—capable of being launched from hidden 

nuclear submarines anywhere in the oceans of the world. 

As System Manager of this fantastic program, Lockheed 

Missiles and Space Division coordinated its overall 

design, research, development, testing, assembly, and 

evolved the missile frame and reentry body. Outstanding 

competence and teamwork brought the POLARIS to 

operational status years ahead of schedule. Such 

accomplishments exhibit a bold, imaginative 

approach to new and unusual concepts. 

Similar challenging opportunities are continually 

developing at Lockheed. Other programs reach far into 

the future ... a rewarding future which engineers and 

scientists of creative talent and inquiring mind are 

invited to share. Write Research and Development Staff, 

Dept.M-16A, 962 West El Camino Real, Sunnyvale, California. 

U. S. citizenship or existing Department of Defense 

industrial security clearance required. 

Lockheed/missius AND SPACE DIVISION 

Systems Manager for the Navy POLARIS FBM and the Air Force DISCOVERER and MIDAS Programs 

SUNNYVALE. PALO ALTO, VAN NUYS, SANTA CRUZ. SANTA MARIA, CALIFORNIA • CAPE CANAVERAL. FLORIDA • HAWAII 



Highly Reliable 

HITACHI "SEMI-CONDUCTORS" 

2SA18 
2SA41 
2SA42 
2SA86 
2SA208 
2SA209 
2SA210 
2SB66 
2SB67 
2SB68 
2SB81 
2SB82 
2SC89 
2SC90 
2SC91 

[rtr 

fr 

t 1 t 
Back c?/ HITAC 10.) 

For Industrial Use 

Switching Transistors and Diodes 

Hitachi semi-conductors provide the 

basis for the excellent capacity 

of the Hitachi Electronic Computer 

HITAC 103. 

1N34A 
1N35 
1N38A 
1N56A 
1N60 
1S77 
1S78 
1S79 
1S84 
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NOT JUST ULTRASONIC... 
•ULTRA-Compact (only 83/4" high) 
•ULTRA-Versatile(so many applications) 
e ULTRA-Fast•Easy-to -read•Economical 

Panoramic's advanced Model SB-15a automatically and repetitively scans 
spectrum segments from 1 kc to 200 kc wide through the entire range (0.1 
kc to 600 kc) . . . plots frequency and amplitude along the calibrated X 
and Y axes of a long persistence CRT, or on a 12 x 41/2" chart (optional 
RC-3a/15). Sweep rates are adjustable from 1 to 60 cps. 

Adjustable resolution enables selection and detailed examination of signals 
as close as 100 cps. Self-checking internal frequency markers every 10 kc. 
Also internal amplitude reference • Only 83/4 " high, the SB-15a is com-
pletely self-contained, needs no external power supply or regulator. 

PANORAMIC PRESENTATION MEANS 

e quick signal location, minimum 
chance of missing weak signals or 
holes in spectrum 

e faster measurements—no tedious 
point-by-point plots 

e reliable spotting of low level dis-
crete signals in noise 

e positive identification and dy-
namic analysis of all types of 
modulation 

ALL THESE APPLICATIONS . . . 

• Noise, vibration, harmonic an-
alysis 

• Filter & transmission line checks 
• Telemetry analysis 
• Communication System Monitor-

ing ... and more 
• Power Spectral Density Analysis 

(with Model PDA-1 Analyzer) 
• Frequency Response Plotting 

(with Model G-15 Sweep Gener-
ator) 

Write now for specifications, other applications of PANORAMIC's 

Model SB-15a. Get on our regular mailing list for THE PANORAMIC 

ANALYZER, featuring application data. 

2900 

z) dependable 

CERTIFIED 
SPIC If ICATIONS (S 
for azu:ate 

PANORAMIC RADIO PRODUCTS, INC. 
530 So. Fulton Avenue, Mount Vernon, N. Y. 

Phone: OWens 9-4600 TWX. MT-V-NY-5229 Cables: Panoramic, Mt. Vernon, N.Y. State 

Lab setup shows SB-15a versatility. (I) FM display 
measures dynamic deviation. (2) & (3) are AM and 
SSB signals, respectively. with sine wave modulation. 

PANORAMIC's 

SB-15a 
SPECTRUM ANALYZER 

0.1 KC T° 600 KC 
SUMMARY OF SPECIFICATIONS 

Frequency Range: 0.1 kc to 600 kc. 

Sweepwidth: Variable, calibrated from 
1 kc to 200 kc. 

Center Frequency: Variable, calibrated 
from 0 to 500 kc. 

Markers: Crystal controlled, 10 kc and 
100 kc plus harmonics. 

IF Bandwidth: Variable, 100 cps to 4 kc. 

Sweep Rate: Variable, 1 cps to 60 cps. 

Amplitude scales: Linear, 40 db log 
(extendable to 60 db) and 2.5 db ex-
panded. 

Sensitivity: 200 my to 200 y full scale 
deflection. 

Accuracy: -± 0.5 db. 

Input Impedance: 55,000 ohms. 

Panoramic 
RADIO PRODUCTS, INC. 
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IT'S 
THAT 
ONE 
MOR 

that makes the difference! To assure thoroughbred performance and reliability, 
every Saratoga Semiconductor must pass the battery of Saratoga tests. 

These extra tests are employed to provide semiconductor devices for our custom-
ers which will perform under all operating and environmental conditions. 

This is one more reason why the Saratoga can be called the "Thoroughbred of 
Semiconductors". 

Send for our new catalogue SS-2001 outlining details, specifications, and appli-
cations of Saratoga regulators silicon zener recculators and silicon power rectifiers.* 

SARATOGA SEMICONDUCTOR DIVISION, Saratoga Springs, N.Y. 

ESPEY MFG. & ELECTRONICS CORP. *Meet all requirements of MIL S-195008 



•.> 
Shielded Power Supply 
Cables 

Plastic Microphone Cables 

Strain Gouge Cables 

Cathode Ray Tube Lead 

Studio & Closed Circuit 
Camera Cables 

Broadcast Audio Cables 

Shielded Interconnecting 
Cables 

7 

low Impedance 
Lines 

Call System Cables 

PA System Cables 

Sound & Alarm 
System Cables 

Audio Cables 

Phono Pick-Up 
• Arm Wires 

Sound System 
Cables 

Stereo Wires 

 k44 gfa'T" 

TV Eye Camera 
Cable 

75-Ohm Video Cable 

Portable Cordage 

Grid Wires 

Hi -Fi Connecting 
Coble 

Control 
Cables 

Antenna Roto Cables 

—41114 
Industrial 

Intercom Cables 

Test Prod Wires 

Juke Box 
Control Cables 

Unpaired 
Intercom Cables 

Riee9t."044.2." 

CELLULINE® Lead-in Cable 

WELDON M 

300-Ohm Lead-in 

Ham Antenna Lead-ins 

Here is just part of the 

WORLD'S MOST COMPLETE LINE 

of Electronic Wire and Cable! 

PERMOH Lead-in 

TV 
ables 

Multiple Pair 
Cables 

et..eser.— r?  

••eee, 

Community TV Antenna 
Cable 

Duplex Priming Wires 

 • n 

Control Cables 

Magnet Wire 

Juke Box Control Cable 

Individually 
Shielded Intercom 
Cables 

Rubber Microphone Cables 

Hook-Up Wires 

Lamp Cordage 

MIL-SPEC WIRES 

TEFLON • Wires 

• DuPont trademark 

Belden 
WIREMAKER FOR INDUSTRY 

SINCE 1902 

CHICAGO 

Available from Stock 

One Wire Source for Everything 
Electronic and Electrical 

magnet wire • lead wire • power supply cords • cord sets • portable cordage • electronic wire 

• automotive replacement wire and cable • aircraft wire • electrical household replacement cords 8-3.9 
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The industry's most stable low-frequency PNP transistors! 

TO-5 
TYPe 

Max. 
VCR() 

Max. 
VCER 

Max. 
IC 

Max. 
Pt 

Max. Cutoff 
lc° @ V06 

20 ma hFE 
Min. Max. 

hFE 
Min. Max. VCE (SAT) VRE 

Max. 
Coe 

2N524 45v 30v 500 ma 225 mw 101.ta 30 19 42 16 41 .070v .255 40 

2N525 " " " " " " 34 65 30 64 .075v .243 ' 

2N526 " " " " " '  53 90 44 88 .080y .230 

2N527 " " " " " " 72 121 60 120 .090v .216 " 

2N1413 35v 25v 200 ma 200 mw 121.ta 30v 25 42 20 41 .070Y .255 40 

2N1414 " " " " " "  34 65 30 64 .075v .243 " 

2N1415 " " " " "  " 53 90 44 88 .080v .230 " 

The man in the picture, Hugh Lowry, General Electric authority on semiconductor applications 
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2 JV 

80 
160 UNITS 

60 

40 

20 
95ta PERCENTILE 

)0 

90 

SO 
MEDIAN 

10 

20 
5a, PERCENTILE 

00 
5000 HOURS 10.000 HOURS 

20 

15 

"lo 

pa 

hFE STORAGE LIFE TEST ® 100•C 

95 ta PERCENTILE 

II PERCENTILE 
00 

MEDIAN 

5000 HOURS 10.000 HOURS 
I. STORAGE LIFE TEST ® 100*C (10. •-30V) 

cuv 

160 

160 

140 

120 

1 

38 UNITSih 

95 8a PERCENTILE 

100 

e 
60 

40 

20 

n 

MEDIAN 

, 
51h PERCENTILE 

o 

20 

15 

5000 HOURS 10,000 HOURS 
SIFE OPERATING LIFE TEST 200 MW MIN 

5ta PERCENTILE 00  

95"'PERCENT ILE 

MEDIAN 

5000 HOURS 10.000 HOURS 
T. OPERATING LIFE TEST ® 200 MW MIN. (V.. -30V) 

General Electric 2N1414 and 2N525 Series carry 

complete parameters backed up by 10,000-hour 

life tests You don't buy a "pig in a poke" when you 
standardize on General Electric low-frequency 
PNP germanium alloy transistors, Series 
2N1414 and 2N525. Parameters are com-
pletely spelled out, including "Minimum," 
"Typical" and "Maximum" values, and are 
backed up by 10,000-hour life tests on 138 
units to date (see curves above). In fact, 300 
new units start life-test each week. 
The new lower-priced 2N1413, 2N1414 and 

2N1415 types are designed for industrial audio 
amplifiers and low-frequency switching appli-
cations where cost is a prime consideration. 
To assure top reliability under adverse en-

GENERAL 

vironments, all units are hermetically sealed 
and subjected to 100 hours of high-temperature 
bake and a detergent pressure leak test. The 
transistor base is welded to the case for 
greater thermal efficiency. 
For proved reliability in low-frequency 

PNP's, at a very pleasant price, see your G-E 
Semiconductor District Sales Manager 
or Authorized Distributor. General Electric 
Company, Semiconductor Products Depart-
ment, Electronics Park, Syracuse, N. Y. In 
Canada: 189 Dufferin St., Toronto, Ont. Ex-
port: International General Electric Co., 150 
E. 42nd St., N. Y. C. 

ELECTRIC 
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Borg Frequency Standards provide up to 1000 times 

the accuracy- of conventional frequency comparisons 
Borg Frequency and Time Standards provide 
time comparisons of up to 1000 times more 
accurate than conventional frequency compari-
sons. With stability of -±5 parts in 10' ° per 
day these are the most accurate, most stable 
frequency standards commercially available. 
The oscillator is controlled by a 5 megacycle, 
5th overtone, AT cut-quartz crystal operating 

in a modified Pierce circuit. The crystal reson-
ator has an aging coefficient of less than .5 parts 
in 109 per day after 21 days of uninterrupted 
operation. The standards operate frbm a 26 -±2 
volt D.C. power supply. If D.C. is unavailable, 
complete power supplies are also available from 
Borg in both portable and standby models. 
WRITE FOR COMPLETE DETAILS. 

Front panel of standard and time comparator. 

Standard with oscillator removed to reveal 
compact positioning of portable power supply. 

BORG EQUIPMENT DIVISION 
Amphenol-Borg Electronics Corporation 

Janesville, Wisconsin • Phone Pleasant 4-6616 

Micropot Potentiometers • Turns-Counting Microdials 

76 CIRCLE 76 ON READER SERVICE CARD 

• Frequency and Time Standards • Sub-Fractional Horsepower Motors 

electronics 



A GIANT RADIO HIGHWAY 

IS PERFECTED FOR TELEPHONY 

A radio relay system operating at 6 billion cycles per second and able to 

transmit 11,000 voices on a single beam of microwaves—several times as 
many as any previous system—has been developed at Bell Laboratories. 

Utilizing the assigned frequency band with unprecedented efficiency, this 

new, heavy-traffic system was made possible by the development and 
application of new technology by Bell Laboratories engineers and scientists. 

For example, they arranged for the waves in adjacent channels to be 

polarized 90 degrees apart, thus cutting down interference between 
channels and permitting the transmission of many more telephone con-

versations in the same frequency space. They developed ferrite isolators 

to suppress interfering wave reflections in the waveguide circuits; and 

a new traveling wave tube that has ten times the power handling capacity 

of previous amplifiers and provides uniform and almost distortionless 
amplification of FM signals. They devised and applied a new high-speed 

diode switching system which instantly switches service to a protection 

channel when trouble threatens. 

To transmit and receive the waves, the engineers applied their in-

vention, the horn-reflector antenna. Elsewhere, this versatile antenna 
type is brilliantly aiding space communication research in the recep-

tion of radio signals from satellites. For radio relay, a single 

horn-reflector antenna can efficiently handle both polarizations of 
the 6000 megacycle waves of the new system; at the same time it 

can handle 4000 and 11,000 megacycle waves used for existing 

radio relay systems. Thus it enables all three systems to share 

economically the same radio towers and routes. 

Produced by the Bell System's manufacturing unit, Western 

Electric, the new system is now in operation between Denver 

and Salt Lake City, and will gradually be extended from coast 

to coast. This new advance in radio technology is another example 

of how Bell Telephone Laboratories works to improve your 

Bell communication services. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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DR. IVAN A. GETTING 

"To preserve our free institutions, it is 

absolutely essential that the United 

States find the most effective means of 

advancing the science and technology 

of space and also of applying them to 
military space systems. This is the mis-

sion of Aerospace Corporation:' 

IVAN A. GETTING 

PRESIDENT 

AEROSPACE CORPORATION 

In accomplishing its mission, this non-
profit public service organization per-
forms the unique role of space systems 
architect. Aerospace Corporation pro-
vides scientific and technical leadership 
to the science/industry team responsi-
ble for developing complete space and 
ballistic missile systems on behalf of 
the United States Air Force. 

A new and vital force 

ALLEN F. DONOVAN 

CHALMERS W. SHERWIN JACK H. IRVING 

EDWARD J. BARLOW 

EROS PAC E 

CORPORATION 
present genuine challenge to scientists 

and engineers of demonstrated 

Specific responsibilities of the new 
corporation include advanced systems 
analysis, research and experimentation, 
initial systems engineering, and gen-
eral technical supervision of new 
systems through their critical phases. 

The broad charter of Aerospace 
Corporation offers its scientists and 
engineers more than the usual scope 
for creative expression and significant 
achievement, within a stimulating 
atmosphere of dedication to the public 
interest. 

Aerospace Corporation scientists 
and engineers are already engaged in a 
wide variety of specific systems proj-
ects and forward research programs, 
under the leadership of scientist/ 
administrators including corporation 
president Dr. Ivan A. Getting, senior 
vice president Allen F. Donovan, and 
vice presidents Edward J. Barlow, 
William W. Drake, Jr., Jack H. Irving, 
and Chalmers W Sherwin. 

competence 

Aerospace Corporation is currently 
seeking scientists and engineers capa-
ble of meeting genuine challenge and 
with proven ability as: 

• SENIOR ELECTRONICS ENGINEERS 
Communications systems 
Guidance electronics 
Data processing systems 
Radio techniques 
Electromechanical design 
Information theory 
Sensing systems 

• SPACE VEHICLE SPECALISTS: 

Senior power systems engineer 
Sr. flight performance analyst 
Re-entry aerodynamicist 

Those qualified and experienced in 
these and related fields are urged to 
direct their resumes to: 

Mr. James M. Benning, Room 110 
R.O. Box 95081, Los Angeles 45, Calif. 

AEROSPACE CORPORATION 
engaged in accelerating the advancement of space science and technology 
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Introducing 

General 

Electric's 

New Line 

of 

Precision 

Regulated 

Transistorized 

DC 
Power 

Supplies 

• Convection cooled to eliminate all moving parts 

• Unique "Constant Watts" circuit protects series transistors 

• Standard ratings from 1.5 to 100 V.D.C. up to 20 amps. 

Whatever your application, here's a newly-designed 
series of precision regulated transistorized DC power 
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January 13, 1961 

Advances in 

all-magnetic logic, 

comparisons of ferrite cores 

and thin _film 

submicrosecond 

memory elements, 

preparation of thin films, 

ferromagnetic devices 

and studies of spiral walls 

in permalloy .films 

are among features 

of conference on magnetics 

By NILO LINDGREN, 
Assistant Editor 

i —Although he did not recognize them as such, Gowin Knight suc-
ceeded before 1779 in making fine particle permanent magnets. Such work, 
depicted here, was in some ways not far removed from medieval alchemy 

Recent Progress in Magnetics 

AN INCREASED theoretical under-
standing of magnetic behavior 
linked with an ever-broadening pro-
gram of systematic study of mate-
rials has brought rapid progress in 
many branches of magnetics work 
in this century. Recent advances 
reported at the Sixth Annual Con-
ference on Magnetism and Mag-
netic Materials in New York in-
clude an impressive amount of 
work on basic magnetic phenomena, 
material studies and magnetic de-
vices. Two sessions, one on com-
puter devices, the other on micro-
wave devices, are of particular 
interest to electronic engineers. 
Some of the milestones in un-

raveling of the mysteries of mag-

netic behavior, especially in the 
development of fine particle mag-
nets, were reviewed in a paper by 
F. E. Luborsky.1 Synthetic perma-
nent magnets were made sometime 
before 1779 (Fig. 1). Iron filings 
were stirred in water until a fine 
suspension developed; this suspen-
sion was allowed to settle and dry, 
mixed with linseed oil to a thick 
paste and baked. Conscious recog-
nition that the result of this process 
was fine particle Fe30, in an or-
ganic matrix had to wait until the 
twentieth century, as did domain 
theory. During the intervening 
years, hardened steel magnet alloys, 
discovered around 1600, had been 
developed in strength, but domain 

theory pointed the way towards a 
new class of permanent magnets 
with high coercive force derived 
from small single domain particles. 
The emergence of domain theory 

in 1949 led to the concept of the 
single domain particle and the mag-
netic anisotropy contributions giv-
ing rise to the permanent magnet 
behavior of magnetic materials. In 
general, magnetic materials con-
taining domain boundaries are mag-
netized and demagnetized by the 
movement of domain boundaries in 
response to relatively weak applied 
fields. To achieve high coercive 
forces, desired in permanent mag-
nets, boundary motion is impeded 
with inclusions and strains delib-
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erately introduced into the lattice. 
Another approach to developing 
high coercive forces is to eliminate 
completely domain boundaries by 
subdividing the material into sin-
gle-domain particles. 

There have been postulated four 
major anisotropy forces that oppose 
rotation, thereby increasing par-
ticle coercive force: crystal anisot-
ropy; strain anisotropy; exchange 
anisotropy, discovered in 1956; and 
shape anisotropy, proposed almost 
simultaneously by several research-
ers in 1947. 
A commercial magnet resulting 

from these concepts was developed 
by Néel in 1947 and was composed 
of spherical iron or iron-cobalt par-
ticles compacted together with an 
organic binder. Since that time, 
many other ferromagnetic mate-
rials with a high magnetocrystal-
line anisotropy have been discov-
ered.' 
The possibilities of all-magnetic 

logic circuits for computers has 
been receiving more serious atten-
tion recently, and a general review 
of such developments was the lead-
off paper in the computer devices 
session of the conference.2 All-mag-
netic circuits are those composed 
as far as possible of compatible 
magnetic devices, and include, for 
example, parametrons and ferro-
resonant circuits. 
Many present logic circuits com-

bine cores and diodes, and although 
such circuits are satisfactory, they 
require multiturn windings and 
large cores for electrical compati-
bility between the magnetic and 
semiconductive components. If such 
circuits could eliminate or reduce 
multiturn windings and large cores, 
then they could be made more reli-
able and economical in certain ap-
plications. Magnetic components 
perform well under temperature 
changes, humidity and nuclear radi-
ation, and although they suffer 
from a speed limitation, methods 
for achieving increased speeds have 
been proposed.3 
There are a number of ways of 

satisfying the requirements for an 
all-magnetic synchronous sequen-
tial logic using toroidal cores, mul-
tiapertured cores, partial switching 
techniques, as well as thin-film 
approaches. At the present time, 
core logic circuits are in an ad-
vanced state of development—both 
toroidal and multiapertured cores 

(A) 

RESISTIVE 
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POSSIBLE 
SENSE LINE 
ARRANGEMENTS 
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30,000 A. 
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FIG. 2—With proper film and circuit parameters, this circuit (A) may 
be used as a flip-flop in which the magnetization M in the film is switched 
from either one of its rest orientations to the other by successive drive 
field pulses, hd. Reliability of magnetic-film memory can be increased by 
passive R-L loading (B) 

are commercially available. Thin-
film approaches, however, though 
appearing to offer many advantages 
over core approaches, require con-
siderable development to attain 
suitably uniform materials, and 
thin films are now generally re-
garded as second-generation compo-
nents. 

Little information is available on 
practical speed limitations of mag-
netic logic, but all-magnetic shift 
registers have been operated at bit 
rates of the order of 105 a second 
and bit rates as high as 105 a sec-
ond may be possible. A representa-
tive figure for the average power 
requirement is 10-5 watts per bit 
times the stepping frequency. Re-
duction of an order of magnitude 
might be possible with core size 
and saturation flux density reduc-
tions. 
The burden of building all-mag-

netic computers is now on the 
shoulders of the systems engineer. 
Initially, the paper concluded, this 
would involve close cooperation be-
tween device and systems engineers, 
and special-purpose all-magnetic 
computers will be forthcoming. In 
fact, during the Conference week, 
Stanford Research Institute an-
nounced the development of an all-
magnetic computer. 

In another paper on computing 
logic circuits, an examination was 
made of the chief commercial char-
acteristics of submicrosecond stor-
age systems—function, speed, ca-
pacity and cost.3 The author stated 
that the cost of the magnetic mem-
ory now was considerably less than 
the cost of associated circuits, and 
that this predominance prevailed 
even with more sophisticated types 

of magnetic memories, such as mul-
tiaperture core types. Speed and 
capacity limitations were found to 
depend on associated circuits and 
on memory element size for mem-
ories using both ferrite and metal 
devices. The type of memory access 
and the writing capability require-
ment restrict the design of high-
speed memories. 
During the past few years, a 

large number of new magnetic de-
vices for random access memory 
have been developed. However, sig-
nificant increases in word reading 
rates are needed. Such increases 
could come from the elimination of 
cycle time required for writing—a 
read-only type memory might have 
an interrogation rate from five to 
eight times the speed of a ready-
write memory. It is expected that 
designs of submicrosecond mag-
netic read-only memories will be 
forthcoming.» Partial switching 
techniques can further reduce 
switching times. 
To compare applications for cores 

and thin films, drive circuits, 
sensing circuits, device availability 
and required capacity must be con-
sidered. Below 2-Mc read-write 
speeds, cores have the advantage; 
at these speeds thin films would re-
quire more costly sense amplifiers. 
Furthermore, film arrays of reason-
able capacities (greater than 1,000 
words) are not yet available. Per-
formance of core arrays is expected 
to improve with smaller cores. In 
the 2 to 10-Mc range, thin-film de-
vices begin to find application, 
though at 10 Mc both cores and 
films offer the same promise. Above 
10-Mc read-write frequencies, the 
high-speed capabilities of thin films 
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FIG. 3—Developmental design of ferromagnetic parametric amplifier (A), and the effect of longitudinal pumping on a 
pair of magnetostatic modes (B). Curve A is without pumping; curve B is with pumping 

should begin to pay off, giving them 
an advantage over present ferrite 
core devices. Table I summarizes 
these estimates of device commer-
cial applicability as a function of 
cycle time.3 For military applica-
tions, other considerations enter 
the picture, such as weight, volume, 
power and environmental require-
ments. 
A magnetic film device using 

passive loading was described in a 
paper from Iowa State University.4 
Magnetization in a single-domain 
thin magnetic film has two stable 
orientations in the absence of ex-
ternal fields—it is directed in either 
of two directions along an easy axis 

of magnetization. Thus, such films 
can be used for binary storage with 
the two remanent states corre-
sponding to ZERO and ONE. For non-
destructive read-out (NDRO) , a 
pulsed transverse field (h„ in Fig. 
2A) is applied to the film so that the 
magnetization M will move either 
clockwise or counterclockwise de-
pending upon the film's initial state. 
Polarity of the output voltage 
across an easy-direction winding 
indicates this initial state. When 
the transverse field is removed, the 
magnetization rotates back to its 
original position. However, if the 
magnetization rotates beyond a 
critical angle 0, which is small and 

TABLE I—ESTIMATE OF DEVICE APPLICABILITY FOR VARIOUS CYCLE 
TIMES 

Application Memory Device Basis of Judgment Major Limitation 

0.1-1 psec 
Read-write 
1-10 K words 

<0.1 psec 
Read-write 
<1 K words 

0.05-0.1 psec 
ND read cycle 
0.2-0.5 psec 
Write cycle 

Ferrite core 

Metallic film 

Ferrite core 

Less severe sensing problem. Driving circuits 
Device availability. 

Less severe driving problem. Sense amplifier 
High speed capability, 
T. < 10 nanosec 

Device availability. Transmission delay 

TABLE II—EXPERIMENTAL RESULTS ON TWO FERROMAGNETIC AM-
PLIFIER MODELS 

Pump 
Freq 
(Mc) 

Pump YIG heated Single-
Loaded Power to Midband Bandwidth Sideband 
Q (mw) (deg K) Gain (Kc) Noise Fig. 

1st 9,180 2,420 450 400 20 db at 
4,560 Mc 

100 13.5 db 

2nd 11,063 2 , 260 500 370* 20 db at 
5,575 Mc 

50 13.1 db 

YIG sphere with al -= 0.3 at 3,300 Mc was used 
* Attempt was made to reduce spin-wave heating by immersing cavity in liquid nitrogen 

which varies from film to film, the 
film breaks up into a multiple-
domain structure, destroying the 
stored information. Thus, thin-film 
memory reliability is poor. 

However, it has been found that 
by winding a passive R-L loading 
loop on the film (Fig. 2A with C 
short-circuited), that an interroga-
tion pulse will induce a current i. 
in the loading loop. If the interro-
gation pulse is removed while this 
induced current is still large, it 
produces during its decay a sizable 
restoring field (h.) tending to ro-
tate the magnetization in the film 
back to its original state, regard-
less of its angle of rotation. By use 
of both evaporated winding and 
thin insulating layers (Fig. 2B) it 
appears possible to incorporate this 
technique into memory design. One 
drawback seems to be that the load-
ing current decay time reduces 
speed. Experimental studies with 
3,000 A, 80-20 permalloy film have 
shown that the technique is feasible 
and does increase the reliability of 
these film memories. 

Experimental studies on thin fer-
rite films reported by The Poly-
technic Institute of Brooklyn elic-
ited a high degree of interest at the 
conference.5 Thin films, about 1,000 
A thick, of iron, nickel, cobalt, mag-
nesium, copper ferrites, mixed fer-
rites and mixed ferrite-aluminates, 
as well as yttrium iron garnet, have 
been prepared. Object of these 
studies is to determine the physical, 
especially magnetic, properties of 
the films and to investigate areas in 
which they might be superior to 
bulk materials, either in devices or 
for theoretical work. 
Attempts are being made now at 

January 13, 1961 83 



FIG. 4—Tetrahedral 
points of the normal 
required to minimize 

60 

50 

40 

4;30 

20 

10 

9.5 10 
FREQUENCY 

10.5 
IN GC 

II 

9.5 10 10.5 

9.5 10 10.5 
FREQUENCY IN GC 

junction switch (A) from Caswell Electronics. When nonenergized, insertion loss is high 
waveguide operating band (B); minimum insertion loss with current optimized (C); and current 
insertion loss (D). In this switch, energy not transmitted is reflected rather than absorbed 

II 

II 

1BPI to grow epitaxial single crystal 
, films that may be used to study 
spin-wave resonances. A spin wave 
is a spatial variation of the direc-
tion of magnetization that can be 
described by a single Fourier com-
ponent. Investigation of switching 
properties of films for computer 
and microwave device applications 
is also planned. 
A ferromagnetic parametric am-

plifier using longitudinal pumping 
(r-f magnetic field parallel to the 
d-e magnetic field) was described 
in a paper from Bell Labs.° Pre-
vious ferromagnetic amplifiers have 
used transverse pumping (r-f mag-
netic field perpendicular to the d-c 
magnetic field), but they have re-
quired large pump powers and in 
the magnetostatic mode the spin 
waves become unstable and block 
pumping at a low level. In this new 
amplifier, signal and idler reso-
nances are provided by magneto-
static modes; small pump powers 
are required, and even though spin 
waves may be pumped to instability 
they are not effective in blocking 
pumping and therefore do not pre-
vent amplification. 

Figure 3A shows the develop-
mental design. Core of this ampli-
fier is the small dark sphere of 
narrow linewidth yttrium iron gar-
net (YIG) shown mounted in a 
quartz tube inside a half-wave-
length microwave cavity at a point 
of maximum magnetic field. A 
Teflon post behind the sphere 
spaces it away from the cavity wall 
to prevent line-broadening due to 
perturbation of the r-f fields by the 
wall. The coaxial line to the right 
is coupled to the sphere by a wire 
loop extending from the center con-
ductor through a hole in the rear 
wall of the cavity, around the 
sphere, and terminating on the cav-

ity wall. The quartz tube spaces the 
loop away from the YIG sphere 
so that coupling from the external 
line to the modes can be controlled 
by adjustments of the tube wall 
thickness. The pump field is the 
magnetic field of the cavity and is 
parallel to the d-c magnetic field. 
Figure 3B shows the effect of 

longitudinal pumping on a pair of 
magnetostatic modes. It shows the 
reflection of a swept-frequency sig-
nal from the coaxial input to the 
amplifier with and without pump-
ing. Curve A exhibits a series of 
absorptions by the YIG without 
pumping; a wave meter notch ap-
pears at 4,598 Mc, half the pump 
frequency. These absorptions occur 
at the resonant frequencies of the 
modes to which the loop couples. 
Curve B shows that, with pumping, 
two modes (311 and 310) whose 
resonant frequencies add up to the 
pump frequency have their losses 
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FIG. 5—In the isolator depicted, 
upper left, curves 2 and 3 resulted 
from a small change in position of+ 
the same YIG slab; for curve 1, 
slab was in the same position as for 
curve 3, but was thicker by a factor 
of 1.5 

at all 

reduced and become emissive. 
Measurements on two experi-

mental models of the amplifier are 
shown in Table II. The amplifier 
begins to saturate at a power out-
put of 30 Lw at 400 K and 125 
ley at 370 K. Saturation appears 
due to heating and might be elimi-
nated by controlling the heating. 
Sources of noise in the amplifier 
have not been positively identified. 
Results show that the amplifier can 
operate continuously and with low 
power, and there is no fundamental 
limitation on operation at high mi-
crowave frequencies. The author 
concludes that though the gain-
bandwidth product is small, it 
might be increased if the sphere 
were cooled, and that the develop-
ment of materials with narrow line-
widths and larger values of satura-
tion magnetization would also 
increase gain-bandwidth. 

In the direction of such narrower 
linewidths, it was announced dur-
ing the conference by the Micro-
wave Chemicals Laboratory, Inc. 
that they had produced highly 
polished single crystal YIG spheres 
with a ferrimagnetic linewidth of 
less than 0.1 oersted, which would 
be available in early 1961. In addi-
tion to parametric amplifier applica-
tions, such YIG spheres could be 
used in narrow-band tunable filters, 
power limiters and all devices using 
gyromagnetic coupling. 

Efforts in recent years to extend 
the useful range of the electro-
magnetic spectrum to the milli-
meter and submillimeter wave-
lengths have brought more atten-
tion to antiferromagnetic materials. 
The high internal fields of these 
materials make them suitable for 
waveguide resonance isolators, 
phase shifters, circulators and mod-
ulators in this frequency region. 
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FIG. 6—Powder pail, rus of spiral walls in thin magnetic films, left, consist of a pair of antiparallel domains wrapped 
about a central point through -many revolutions. Ellipticity results from the uniaxial anisotropy of the film; the easy 
axis lies along the major axis of the elliptical patterns. Corresponding magnetization distribution is depicted in center. 
Photo at right shows the effect of vertical applied field on spiral wall pattern 

The properties of antiferromag-
netic materials that make them po-
tentially important for device ap-
plication were reviewed in a paper 
from the MIT Lincoln Labs.' Based 
on theoretical derivations of figures 
of merit, the prediction was made 
that resonance isolators and phase 
shifters made from antiferromag-
netics would exhibit characteristics 
comparable to the usual ferrite de-
vices. Although there are many 
antiferromagnetic materials, reson-
ance has been observed in relatively 
few. Of these, Cr,03 and MnF., ap-
pear useful for the 2-mm and 1-mm 
regions respectively, at or below 
liquid helium temperatures. The 
addition of aluminum to Cr,0a 
raises its critical field, making de-
vices near 1.3 mm possible. The 
report concludes that by such addi-
tive methods it may be possible to 
tailor-make new materials for given 
frequency ranges. 
Two papers in the microwave de-

vice session on ferrite frequency 
doublers came from Stanford Uni-
versity. One dealt with a correla-
tion of experiment and theory', and 
the other dealt with several satura-
tion mechanisms that occur in these 
devices'. Ferrite frequency doublers 
are important in that they produce 
high power output and have high 
conversion efficiency. 

Also included in the microwave 
device session were papers on the 
performance of tetrahedral junction 
switches for the S- and X-bands", 
and a strip transmission line isola-
tor that operates as low as 200 Mc." 
The microwave switch (see Fig. 

4A) consists of two waveguides 
butted together on a common axis, 
but with their E-planes oriented at 
90 degrees. The ferrite pencil 
shown in the photo is located at the 
junction of the waveguides. With-

out a magnetic field, energy is re-
flected from the cross-polarized 
junction; with longitudinal mag-
netic field, energy is transmitted 
across the junction with little atten-
uation and low vswr. The high 
insertion loss of this switch makes 
it adaptable as a shutter in the non-
energized condition for protection 
of radar. Some performance data 
of this switch are shown in Fig. 
4B, Fig. 4C and Fig. 4D. 
Unlike conventional isolators that 

use dielectric loading the uhf iso-
lator described achieves good isola-
tor characteristics in a compact 
package over a broad range of fre-
quencies below 1,000 Mc by using 
an asymmetrical arrangement of 
ferromagnetic material (YIG) on 
the center conductor. A cross-sec-
tion of the structure appears in 
Fig. 5 along with typical character-
istics. The slab of YIG is mounted 
with its broad side flush on the 
center conductor and is magnetized 
perpendicular to the broad dimen-
sion. Different isolation peaks, as 
shown, are obtained by changing 
the size of the YIG slab or its posi-
tion on the center strip. Dimen-
sions of the isolator are less than 
11 in. X 2i in. X 6i in. 

Efforts to develop uniform thin 
films have intensified investigations 
of basic phenomena occurring in 
magnetic materials. Of these, the 
formation of domain walls and do-
main wall motion have been inter-
esting. At the Laboratory for Elec-
tronics in Boston, experimental 
studies have been carried out on 
spiral walls that form in thin perm-
alloy films when the films are sub-
jected to an a-c demagnetizing 

These wall formations (see Fig. 
6) appear around minute imper-
fections in the films. It has been 

deduced that the distribution of the 
magnetization takes the form of a 
pair of antiparallel domains that 
spiral in toward the central imper-
fection. By rotation of a bar mag-
net just under a saturated film, the 
walls can be coiled in either direc-
tion around the fixed imperfections 
and can be uncoiled by reversing 
the direction of magnet rotation. 
These experiments indicate that the 
film imperfections are regions of 
abnormally high unaxial anisot-
ropy where the magnetization is 
constrained to lie in one direction 
along the easy axis while the mag-
netization of the surrounding re-
gions can be rotated by the applied 
field. Certain of these spiral pat-
terns (Fig. 6, right) take on the 
spectacular beauty of the spiral 
galaxies of our outer universe. 
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Glass under stress has 

different refractive indices 

for light polarized parallel to 

and perpendicular to 

the direction of stress; 

since the magnitude of 

these differences 

is proportional to stress 

optical monitoring of 

a stress wave is possible 

CONT 

Fig. 1—Schematic arrangement for reading out the acoustic wave data as it 
passes down the glass delay line 

INUOUSLY-VARIABLE 
By H. A. BROUNEUS 

W. H. JENKINS 
Corning Glass Works, Corning, N. Y. 

FOR FREQUENCIES above two mega-
cycles and time delays greater than 
ten microseconds, solid ultrasonic 
delay lines using glass as the acous-
tic transmission medium are almost 
universally used. Although they 
perform well in most respects, they 
suffer the shortcomings of being 
neither readily tappable nor readily 
variable. 

In 1948, Arenberg' described a 
scheme for circumventing this diffi-
culty by reading out the acoustic 
signal optically as shown in Fig. 1, 
where the delay line is a transpar-

ititl'111111 
!4poottle 

Upper oscillogram is the 10-Mc in-
put to a shear-mode delay line, 
while the lower one shows the out-
put delayed by 80 microseconds 

ent glass bar. When frigss is 
stressed it becomes birefringent; 
that is, it presents two different re-
fractive indices to light polarized 
parallel to and perpendicular to the 
direction of stress. The magnitude 
of this difference varies with the 
stress, and so produces a variation 
in phase retardation (y) between 
the two mutually perpendicular 
components into which plane-polar-
ized light transmited through the 
glass may be resolved. Since a 
traveling acoustic wave introduced 
at the transducer and propagated 
along the length of the bar is actu-
ally a stress wave, it will produce 
birefringent effects throughout the 
bar. 

As the wave passes the slit shown 
in Fig. 1, the varying retardation 
produces variations in elliptical 
polarization of the light reaching 
the second polarizing screen, la-
beled analyzer, so that the intensity 
of light falling on the multiplier 
phototube varies in sympathy with 
the acoustic wave. A linear rela-
tionship is obtained by introducing 
an optical bias through the inter-
position of a birefringent element 
of fixed retardation (a quarter-
wave plate) into the system. This 
establishes an operating point at 
50 percent of maximum obtainable 
output light intensity, as shown in 
Fig. 2. The signal appearing across 
the multiplier phototube load re-

TABLE—CHARACTERISTIC OF DELAY LINE 

Parameter Perforniance 

Delay time per cm of bar length 

Signal-to-noise ratio at 30 percent 3-db 
bandwidth 

Power input 

Transducer temperature rise in 25 deg C 
free air, 1.7 watts continuous input 

2.66 asec 

18 db at 10 Mc operating frequency; 
8 db at 30 Mc 

1.7 watts 

10 deg C 
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Delay line with optics package, but shown without the photoelectric readout equipment 

GLASS DELAY LINE 
sistor is then a faithful reproduc-
tion of the signal applied to the 
delay-line transducer, but delayed 
in time, as shown in the oscillo-
grams. 
Most satisfactory results, such as 

illustrated in the oscillograms, are 
obtained with recently-develop2d 
large-area ferroelectric ceramic 
transducers. These are highly effi-
cient in piezoelectric energy con-
versicn. 

Either the shear or longitudinal 
modes of acoustic energy propaga-
tion may be used; required orien-
tation of the principal axes of the 
polarizing screens and quarter-wave 
phase delay plate are indicated by 
the letters S for the former and L 

z7> 08 

— 0.6 

(-, 

3  0.4 

1.1 

1.7( 0.2 

VARYING PHASE 
DIFFERENCE PRO-
DUCED BY ACOUSTIC 

SIGNAL 

O v14 v/2 3 v/4 ii 

PHASE DIFFERENCE a IN RADIANS 

Fig. 2—Relationship between op-
tical phase retardation and inten-
sity of light reaching the multiplier 
phototube 

for the latter in Fig. 1. Because of 
ultrasound reflections from the 
walls of the delay line, as well as of 
power input, shear mode is by far 
the better. 
Performance obtained is tabu-

lated for 50 percent modulation, de-
fined as /„//b in Fig. 2. System 
noise arises entirely in the multi-
plier phototube, and signal-to-noise 
ratio is determined by the band-
width of a filter used in the multi-
plier phototube output circuit. 
At present, only straight-bar de-

lay lines with delay maxima of 160 
microseconds have been used in the 
photoelastic setup. Should long time 
delays or more compact arrange-
ments be desired, two or more phys-
ically parallel bars could be coupled 
with acoustic prisms; similarly, a 
photoelastic line could be attached 
to one of the familiar polygonal 
lines (which are made with delays 
up to 5,000 microseconds) or it 
could be welded between two such 
polygons. In this way, time delay 
would be continuously variable over 
a portion of the total time delay of 
the assembly. 
The photoelastic delay line may 

or may not find its wilest applica-
tion as a variable or tapped time-
delay device. If, in the arrangement 
of Fig. 1, a second line were to fol-

low the first in the optical path, 
the output of the multiplier photo-
tube would contain the sum of any 
two signals fed the individual lines. 
If another polarizing screen and an-
other phase delay plate were placed 
between the two lines, the output 
would contain the product. Thus 
exist possibilities for computation 
functions. 

Wilmotte' discussed in detail use 
of the last-described arrangement 
for correlation. This is done with 
an extended light source and a 
light-sensitive device capable of 
viewing the entire length of the 
glass bars. The photograph shows 
the delay line and optics package 
for an optical cross-correlator un-
der development at the General 
Electric Advanced Electronics Cen-
ter, Ithaca, N. Y. The delay lines 
are contained in aluminum cases 
fitted with positioning adjustments 
and air cooling inlets for trans-
ducers and absorbers. 
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Rocket-borne impedance 
measuring system is 

being used in research 
on antenna impedance 

changes in the ionosphere. 
Equipment 

continuously measures 
both resistive and 

reactive components of 
antenna impedance 

as rocket moves 
through ionosphere 

BALANCED 

CRYSTAL 
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FIG. 1—Impedance measuring system consists of an 
antenna and two artificial transmissWn lines 

r-f oscillator, dipole 

MOTOR DRIVEN SWITCH 
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BALANCED 
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Measuring Antenna Impedance in the 

ANTENNA FLOWN on rockets under-
go an impedance mismatch on 
entering the ionosphere. This is 
conceptually evident if the iono-
sphere is thought of as a lossy di-
electric whose properties are func-
tions of the charged and neutral 
particle concentrations. The induced 
movement of the charged particles 
modify both the resistive and re-
active components of the antenna 
impedance. Electrons are believed 
to account for most of the change 
because of their small mass. An-
tenna engineering would be greatly 
advanced if data were available to 
permit the calculation of antenna 
impedance in the ionosphere from 
known electron densities; and con-
versely, the study of electron densi-
ties in the ionosphere would be 
advanced if changes in antenna im-
pedance were measured and from 
these changes the electron densities 
calculated. 

This article reports research in 
which antenna impedances have 
been measured continuously 
throughout rocket flights. The 
Geophysics Research Directorate, 
Air Force Cambridge Research 
Laboratories and the Upper Air Re-
search Laboratories, University of 
Utah, have cooperated in this pro-

gram. The impedance measuring 
system used is the low-frequency 
lumped circuit equivalent of the 
slotted-line method, commonly used 
at higher frequencies. This system, 
shown in Fig. 1, consists of an r-f 
oscillator, dipole antenna and two 
artificial transmission lines. The 
signal is fed through the artificial 
lines to the antenna. The two lines 
are electrically equivalent, and one 
is used to feed each element of the 
dipole antenna, making a balanced 
system. The magnitude of the r-f 
voltage is sampled at sections along 
one of the lines by a commutator, 
and then rectified. This informa-
tion is transmitted from the rocket 
to the ground through an f-m/f-m 
telemetry link. The standing-wave 
pattern on the antenna feed line is 
thereby recreated on the ground. 
This standing-wave pattern is suf-
ficient to define the driving-point 
impedance of the antenna. 

In addition to the r-f voltage on 
the antennas, it was found desirable 
to place a slowly varying sawtooth 
voltage on the dipole elements. This 
voltage varies linearly from 0 to 
+4 volts with respect to the rocket 
skin, drops to zero, then repeats 
the sequence with a period of two 
seconds. This d-c bias voltage is 

desirable because it makes the an-
tenna neutral with respect to the 
surrounding plasma at some point 
during this cycle since the rocket 
experiences a charge build up re-
sulting in a voltage of approxi-
mately 2 volts negative. Also, if an 
ion sheath is dragged with the 
rocket, the measured antenna im-
pedance should be some function of 
this d-c bias voltage. The r-f meas-
uring voltage is kept small com-
pared to this bias voltage so as not 
to disturb the ion concentration and 
placement in the ionosphere. A re-
sistor was placed in series with 
the feed of this sawtooth voltage 
so that any d-c current flowing be-
tween the antenna elements and the 
rocket skin would be measured by 
monitoring the voltage at both ends 
of the resistor. 
The electron and charged-particle 

motion in the ionosphere will be 
somewhat dependent upon the mag-
netic field of the earth; therefore, 
the orientation of the probe an-
tennas with respect to the ter-
restrial magnetic field should be 
known at all times during the im-
pedance measuring. Aspect sensors 
of either the solar aspect or mag-
netometer type have been included 
in the rocket instrumentation. This 
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Authors Baker (left) and Haycock examine Spaerobee rocket with antennas mounted 

Ionospher ‘-‘ By OBED C. HAYCOCK, Director, Upper Air Research Laboratory. and KAY D. BAKER, Research Engineer, University of Utah, Salt Lake City, Utah 

information plus other performance 
and miscellaneous information are 
sampled by an electronic solid-state 
commutator and applied to a sepa-
rate subcarrier oscillator of the 
f-m/f-m unit. 
The electronics used in the stand-

ing-wave detector is shown sche-
matically in Fig. 2. The oscillator 
unit (Fig. 2A) develops an r-f sig-
nal of 1 volt rms into the two 
balanced 50-ohm transmission lines. 
The output of this oscillator must 
be balanced and matched to the 100-
ohm impedance of the balanced 
transmission line system. Crystal 
oscillator Q, is matched to the lines 

3,7,2, OR 12 MC 
5 
2N11;13 22 

TAL ,00 
2581-

0.0 

FA/JR 
(A) GND 

by emitter-follower Q2 and the un-
balanced-to-balanced transformer 
T,. 
The generator (Fig. 2B) develops 

a linear sawtooth signal with a 4-
volt amplitude and a 2-second 
period. This voltage is applied to 
the antenna elements as described 
above. 
The artificial line that samples 

the standing wave on the antenna 
line is shown in Fig. 3. It is a 50-
ohm, 24-section line with a total 
electrical length of 0.6 wavelength 
at the operating frequency. The 
line is constructed on a 60-section 
printed circuit commutator plate 

K X1,000 

02 2N1I4 3 
150 

270 

, 50 011M LINES 

with each of the sections tied to a 
segment of the commutator. A 
wiper arm driven by a small 12-volt 
d-c motor transfers the voltage on 
the segments of the commutator to 
a slip ring in the center. Mounted 
on the opposite side of this com-
mutator disk is the artificial line. 
A diode-capacitor voltage quad-
rupler raises the low level of the r-f 
line voltage to the standard tele-
metering signal range of 0 to +5 
volts d-c. It is then applied to the 
input of a subcarrier oscillator of 
an f-m/f-m telemetry transmitter. 
Thus, the modulating voltages sent 
to the telemetry unit will be a 0 

(B) 

N752 

390 

4V 

SAV/TOOTH 

PWR GND 

1N748 
44V CAL 

470 
4-12V 

FIG. 2—Circuits used in standing-wave detector: oscillator (A) develops an r-f signal of one volt iras into two balanced 
transmission lines; generator (B) develops the linear sawtooth signal (shown) that is applied to antenna elements 

January 13, 1961 89 



Intpedance probe instrumentatioit 
for Nike Cajun rocket (Air Force 
Cambridge Research Center) 

f g' P i r I  . , 111141  TrTp-r-r2-9-1.9-1.7-79:1 

FIG. —Twenty-four section commutated line (right) is constructed on a 
sixty-section printed circuit commutator plate (left) 

EIG.1-1-lingcrl (fi)mic remains folded during early phase of rocket flight, 
then opens normal to rocket axis as shown here 
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FIG. 5—Typical telemetry record (A) using automatic decommutation; and standing-wave patterns (B) taken on 
Aerobee rocket S/N-37 White Sands Missile Range, New Mexico, August 28, 1959 (automatic decommutation system 
not used): left record is with 3-Mc antenna, right with 7.2-Mc antenna 
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FIG. 6—Antenna impedance curves at 12 Mc; rocket ascent (A) (Aerobee 150 IGC No. AA3.183C) flown from Eglin 
Test Range, Florida, May 24, 1960; rocket descent (B); and expanded scale of (B) for 90 to 110-Km region (C) 
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to +5 volt signal whose amplitude 
is proportional to the standing-wave 
envelope along the r-f transmission 
line connecting the oscillator to the 
antenna. 
The antennas for a rocket-borne 

ionosphere experiment present seri-
ous problems. To observe the effect, 
the operating frequency must be in 
the realm of the plasma frequency 
or in the range from about 1 to 20 
Mc. (The plasma frequency of the 
E layer is presently between 3 and 
4 Mc.) A dipole antenna should be 
on the order of a half wavelength 
in physical dimensions to be effi-
cient. This is difficult and usually 
impossible to achieve when many 
of the rocket vehicles are them-
selves small in comparison to the 
necessary wavelengths. An ex-
ample of the comparatively small 
rocket is the Spaerobee rocket, 
which is 8 inches in diameter and 
about 10 feet long. At 3 Mc, the 
wavelength is about 300 feet, and 
at 10 Mc about 90 feet. Some com-
promise is necessary in the electri-
cal characteristics of the low-fre-
quency antenna used on these 
rockets. 
The extreme environmental con-

ditions are further complicated be-
cause the antenna must conform to 
restrictions of light weight and low 
aerodynamic drag. It must also 
withstand the high temperatures 
caused by aerodynamic heating and 
be rugged enough to withstand 
high accelerations. 

In view of these restrictions, the 
antenna considered best from 
physical and electrical standpoints 
is a hinged dipole (see photo, 
Fig. 4) or a telescoping antenna. 
The former consists of two 8-foot 
elements that remain folded back 
and held against the rocket during 
the early powered portion of the 
rocket flight. Later, when the 
rocket has passed up through the 
dense portion of the atmosphere, 
the antenna will erect so that the 
two elements are diametrically op-
posite and normal to the rocket axis 
to form a balanced dipole (Fig. 4). 
The photographs show two such 
dipole antennas perpendicular on a 
Spaerobee rocket; however, only 
one element of each dipole is 
mounted. 

These antenna elements consist 
of 8-foot heat-resistant glass-fiber-
whips in which a conductor is em-
bedded. The conductor is wound 

into a helical coil approximately 1' 
inch in diameter extending from 
the antenna base about one half of 
the length of the whip, and is a 
straight conductor for the re-
mainder of the antenna. This coil 
is required to nearly resonate the 
antenna at the operating frequency 
since a short dipole will be highly 
capacitive. The distributed load-
ing coil is made more effective and 
tuning is adjusted by inserting a 
ferrite material within the coil. 
The length of ferrite is chosen to 
tune the antenna to the desired re-
actance. 
The second type of antenna tele-

scopes into a tube 20 inches long 
and inch in diameter. The tube 
is carried in a recessed compart-
ment of the rocket during the early 
rocket flight. It is then released 
and extended by an explosive 
charge. When extended the antenna 
is a straight, tapered, tubular ele-
ment 10 feet long (20 feet for a di-
pole). It must be tuned with a 
lumped coil at its base. 
The measurement of the free 

space antenna impedance presented 
a problem, since at these fre-
quencies it is virtually impossible 
to remove the antenna system a 
sufficient distance above the earth 
and surroundings to achieve isola-
tion. This was solved by observing 
that the antennas were symmetri-
cal with respect to the rocket body. 
Accordingly, a neutral plane per-
pendicular to the dipole antenna 
exists through the center of the 
rocket. This made it possible to 
measure the impedance of one an-
tenna with respect to the neutral 
plane and double the values for the 
dipole antenna impedance. 
The impedance-measuring equip-

ment in the rocket is capable of 
detecting voltage standing-wave 
ratios of 10 to 1. Standing-wave 
ratios of higher magnitudes than 
this result in impedance determina-
tions of questionable accuracy. It 
is important then that the system 
be set up such that the impedance 
variations during rocket flight stay 
within the region of impedances 
that keep the standing-wave ratios 
less than about 10. 
The ionospheric effect on the im-

pedance of the antenna is to make 
it more negatively reactive. There-
fore, the antenna is adjusted so that 
its free-space value of impedance 
is in the positive reactance quad-

rant. Then as the rocket ascends 
into the inosphere and the imped-
ance starts to change, the positive 
reactance of the system decreases 
from its initial value, passes 
through zero reactance or resonance 
to some negative value. As the 
rocket starts to descend, the im-
pedance should return to its orig-
inal value. 
A typical telemetry record for 

this system using automatic decom-
mutation according to IRIG stand-
ards is shown in Fig. 5A. One com-
plete revolution of the commutator 
is from A to B inclusive. Every 
other commutator segment is re-
turned to a negative 1 volt for 
channel synchronization in the 
automatic decommutation system. 
The first data point at A represents 
the d-c bias voltage applied to the 
antenna ahead of the current moni-
tor resistor. The second is the an-
tenna bias voltage with respect to 
ground on the antenna side of the 
resistor. Any difference in voltage 
between these two points repre-
sents a d-c current in the resistor. 
The third bar is produced by the 
grounded (zero voltage calibration) 
commutator segment. Following 
this is the standing wave on the 
line produced as the commutator 
samples each tap point on the line 
from antenna to oscillator. The long 
bar at 13 is produced by three com-
mutator segments connected to-
gether and carrying a voltage of 5 
volts. This point serves as a cali-
brating voltage for the telemetry 
record and for frame synchroniza-
tion on the automatic decommutator 
unit. At C a new record is starting. 
The d-c antenna voltage has risen 
slightly from conditions at A. This 
is a measure of the sawtooth volt-
age on the antenna. 
The first successful flight of the 

impedance probe experiment was 
on USAF Aerobee rocket S/N-37 
launched August 28, 1959 at White 
Sands Missile Range. 
On this flight two glass-fiber di-

pole antennas were used. The op-
erating frequency of one dipole and 
the impedance measuring system 
was 3 Mc. A similar system was 
used with the other dipole, at 7.2 
Mc. 
A section of the telemetry record 

from this flight is shown in Fig. 
5B. Automatic decommutation was 
not used on this flight. This shows 
a series of standing waves for a 
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FIG. 7—Record at 7.2 Mc (Aerobee 150 IGC No. AA3.183C) : normal standing wave (A) taken at 65 seconds, and abnor-
mal standing wave (B) taken two seconds later. Fig. 8 shows corresponding impedance changes 

period where large changes were 
taking place in antenna impedance. 
The standing-wave pattern is 
traced from oscillator end of the 
line to antenna (going right to 
left). On the 7.2 Mc antenna, the 
standing-wave pattern changed 
from highly inductive to nearly flat 
and then to highly capacitive in a 
few seconds. The altitude at which 
this occurred was about 90 Km. A 
similar change took place on the 3-
Mc antenna 
The standing-wave pattern 

stayed in the high capacitive re-
gions throughout the major portion 
of the flight, resulting in limited 
data. Larger impedance changes 
were observed than had been antici-
pated. 

Modifications were made to make 
the impedance probe less sensitive 
for a later flight (Aerobee 150 IGC 
No. AA3.183C) flown from Eglin 
Test Range May 24, 1960. First, 
the frequencies were raised to 7.2 
Mc and 12 Mc. Secondly, the 
balanced system shown in Fig. 1 
was used. 

Also, since it is primarily the 
antenna reactance that changes in 
the ionosphere, a 50-ohm resistor 
was placed in series with each an-
tenna element at the feed point. 
This meant that the reactive 
changes would not modify the 
standing-wave pattern as much, 
thus providing greater dynamic 
range of measurement. 
The impedance curve for the 12 

Mc antenna on the second flight is 
shown in Fig. 6A and 6B. These 
curves are preliminary and subject 
to further evaluation. The antennas 
were released at approximately 58 
Km but were held close to the mis-
sile body due to air drag for a few 

kilometers. Then they started to 
erect with the erection essentially 
complete at 75 Km. The rocket 
entered the E-layer experiencing 
sufficient electron densities to pro-
duce a major impedance change at 
an altitude of approximately 94 
Km. Here the reactance of the an-
tenna took an abrupt change in the 
direction of negative reactance. 
Between 120 and 135 Km, the mis-
sile passed through a less ionized 
region, then again entered a region 
of higher intensity, with peaks com-
ing at 140 and 155 Km. From this 
point, the reactance is not exactly 
as expected. The antenna reactance 
should have gone more negative in 
the higher altitude regions where 
the electron density becomes 
greater. This did not occur and the 
descent curves did not approxi-
mate the curve until 100 Km was 
reached. 
The descent curves shown in Fig. 

6B are unusual until 110 Km was 
reached. Here the telemetered data 
seemed to be good and results were 
interesting. 
Figure 6C shows on an expanded 

----- RESISTANCE 
- REACTANCE 

50 100 150 200 250 300 
ALTITUDE IN KM 

FIG. 8—Antenna impedance curves 
at 72 Mc (curves are shown where 
conditions permitted data reduc-
tion) 

scale the impedance between 90 to 
110 Km on the descent curves of 
Fig. 6B. 

In this flight the 7.2 Mc record 
indicated an unusual and unex-
plained phenomenon. Up to a height 
of 70 Km the standing-wave shape 
was normal. A sample taken at 65 
seconds is shown in Fig. 7A. Fig-
ure 7B shows an abnormal type of 
standing wave that was taken 2 
seconds later. This abnormal con-
dition occurred between 70 and 100 
Km, 160 and 205 Km, and above 
216 Km on the rocket ascent and 
down to 74 Km on the descent. In 
the region of 100 to 160 Km the 
antenna impedance had shifted 
through resonance to a negative re-
actance. 

Figure 8 shows corresponding 
impedance changes for this fre-
quency. In this case the antenna 
reactance became negative from 102 
to 160 Km. The resistance curves 
showed an unusual and unexplained 
hump between 130 and 170 Km. 
These data were taken from that 
portion of the flight data that 
seemed to be reasonably good; how-
ever, some of it may be in doubt. 
The phenomenon that caused the 
unusual result has not yet been ex-
plained. 

Further studies are being made 
to determine if it has resulted from 
some malfunction of equipment or 
some phenomenon external to the 
rocket. 
The authors acknowledge the 

help of W. Pfister and J. C. Ulwick 
of Air Force Cambridge Research 
Laboratories. Numerous people con-
nected with the Upper Air Research 
Laboratory of the University of 
Utah have also contributed to the 
work. 
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Manual diode tester (left) checks 1,200 diodes per day while gutoinatie tester (right) cheeks up to 18,000 diodes per day 

High-Speed Automatic Diode Tester 

Ten diode parameters are tested by plug-in test packs and 

faulty diodes are rejected immediately following detection 

By E. V. MARROTT and V. S. ZUCCO, Federal Systems Division, IBM, Kingston, New York 

TO ACCURATELY test a diode, each 
parameter must be individually 
evaluated. If each parameter 
evaluation is made on a separate 
tester, the process becomes ineffi-
cient. To overcome this difficulty, 
an automatic diode tester was built 
that completely and automatically 
tests as many as 18,000 high-usage 
diodes per day and a manual tester 
was built that is capable of testing 
up to 1,200 relatively low-usage di-
odes per day. 
At one time, a separate tester 

was required for each diode param-
eter and when an operator wished 
to test a diode, it was necessary to 
move from one tester to another. 
This caused the testing rate to be 
low (approximately 700 diodes per 
day) and in addition, every time 
that a new diode was released, a 
new piece of testing equipment had 
to be designed. 

Modular construction techniques 
were used in designing a pluggable 

test pack for each parameter to be 
tested. The test packs are inter-
changeable for both manual and 
automatic testing. This increased 
versatility makes the equipment 
less vulnerable to obsolescence. 
The manual tester is flexible 

enough to test germanium, silicon 
and Zener diodes in one console. 
The electrical circuits are easily 
programmed to meet changing di-
ode requirements with only a short 
time needed for setup. An operator 
can easily test 1,200 diodes per day 
in five tests. 

There are 12 test parameters 
simultaneously available with the 
sensing circuits in the test packs. 
Back voltages for leakage currents 
are continuously variable from zero 
to 1,000 v. Constant current for 
forward voltage drops is continu-
ously variable from 100 vamps to 
15 amperes. 
Ten test parameters are avail-

able. These parameters are: back 

resistance, forward voltage drop, 
peak inverse voltage, dynamic back 
resistance, forward recovery, flut-
ter, low Zener voltage. high Zener 
voltage, Zener impedance and hys-
teresis. These parameters are di-
vided into the following categories: 
constant voltage, constant current 
and a-c tests. Constant voltage and 
current tests can be performed with 
the same type of sensing circuit but 
the a-c tests require a different 
circuit. 
The automatic tester can also 

check germanium, silicon or Zener 
diodes both in the 1- and 2-watt 
sizes at the rate of 18,000 diodes 
per day. Back voltages for leakage 
currents are continuously variable 
from zero to 500 I/ and constant cur-
rents are continuously variable 
from zero to 500 ma. 
The mechanical elements of the 

automatic diode tester are shown in 
Fig. 1 and its electrical equivalent 
is shown in Fig. 2. The handler is 
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FIG. 1—Mechanical 

operation of 

automatic diode tester 
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designed for in-line movement by a 
nylon conveyor belt. The conveyer 
is indexed in 3-in, increments by 
an 8-stop roller-gear indexing unit. 
The conveyer is driven by a 1-hp 
variable-speed drive coupled by a 
clutch and brake to the index unit. 
A reel of diodes is placed on the 

detaping mechanism. The diode is 
stripped from the tape and drops 
into test clips. The cardboard filler 
and tape is taken up and stored. 
The handler is started and stopped 
by a cam operated switch on the 
indexing unit. The switch operates 
the test relays of the test package. 
When a bad diode is found, the 
equipment pulses a reject circuit 
that stores the information until 
the next indexing period starts. Re-
jection occurs while the component 
is moving to the next station. 
A solenoid-operated cam opens 

the test clips and allows the faulty 
diode to fall into the reject bins. 
All good diodes are counted at the 
last station and further indexed 
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for ejection into the taper chute. 
The diodes are then rereeled on tape 
rolls. 
The Zener voltage tester shown 

in Fig. 3 is typical of the test pack-
ages. The amplifier is a constant-
current type using three triodes 
driving a magnetic amplifier. 
Stabilized tubes and resistors mini-
mize amplifier drift. 
One grid of the difference ampli-

fier is programmed with the limit 
voltage. The other (testing) grid 
is either in parallel or series with 
the diode, depending on the type of 
test. When the amplifier is set up 
for the reject level, both grids are 
switched to the reference voltage 
and the plate circuits are balanced 
by a potentiometer. The reject in-
dicator lamp will be off. 
When a diode is placed in the test 

clips and the test start relay is ener-
gized, the testing grid is switched 
to the diode under test and meas-
ures its voltage. Any difference sig-
nal causes the magnetic amplifier 

GO-NO-GO 

HANDLER 
DRIVE 

FIG. 2—Start test, sense and go no-go circuits are 
test pack. Remainder of circuits are used in all tests 

REJECT 
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elements of a typical 

REJECT 
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BRUSH 
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to operate, transmit the reject sig-
nal and turn on the reject lamp. 
This amplifier measures back re-
sistance, forward voltage drop, 
Zener voltage drop and peak in-
verse voltage. 
Leakage currents as low as 3 ¡La 

can be detected and the testing grid 
can take a 500-v overload if the di-
ode has a short circuit. Normal 
grid voltage is limited to about 200 
V maximum. 
To determine Zener impedance, 

specifications require that a reverse 
d-c current be applied to the diode. 
Superimposed on this d-c voltage is 
an a-c wave whose voltage is a f unc-
tion of the Zener impedance. An a-c 
coupled amplifier allows the a-c sig-
nal to be fed to a linear cathode 
follower. A range switch attenu-
ates large signals that would or-
dinarily overdrive the a-c amplifier. 
If the input signals are too large, 
the a-c amplifier is switched out of 
the circuit and the input signal is 
peak detected directly. 
The peak detectors feed a differ-

ential amplifier. The circuit is in-
itially set up by impressing the 
specified limit of the modulated d-c 
current through a nominal imped-
ance with the range switch set to 
a position that gives maximum out-
put amplitude and yet does not 
overdrive the amplifier. The bal-
ance control of the differential am-
plifier is varied until the reject 

lamp comes on. The diode under 
test is then switched in place of the 
nominal impedance. 
To check forward pulse (recov-

ery), a pulse generator delivers a 
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FIG. 3—Typical test circuit uses difference amplifier to trigger magnetic 
amplifier to signal reject 

half-sine wave pulse of specified 
prf, pulse width and peak current 
to the diode as shown in Fig. 4A. 
The reject limit voltage is applied 
to the shunt bias clipper by a varia-
ble bias supply. 
The pulse voltage drop across the 

diode is applied to the shunt bias 
clipper and if the peak of each pulse 
exceeds the preset bias voltage, they 
are amplified and trigger a single-
shot multivibrator. In the multi-
vibrator, they are widened and in-
verted and coupled to the reject 
circuit. The reject stage is a vac-
uum-tube circuit with a relay in the 
plate circuit. The tube acts as a 
switch to energize the relay upon 
signal application. 

During testing, the reject stage 
is conducting. When a reject is en-
countered, a negative pulse appears 
at the input of the reject stage cut-
ting the tube off and deenergizing 
the plate relay to activate the reject 

PULSE 
GEN 

DIODE: 
UNDER y 
TEST 

SHUNT 
BIAS 
CLIP 

BIAS 
VOLTS 

REJECT 
LAMP 

(A) 

REJECT 
PULSE 

mechanism. 
The reject stage must be condi-

tioned for the next diode since the 
plate circuit was opened when the 
relay was deenergized. Condition-
ing is accomplished by closing the 
plate circuit through a cam-oper-
ated relay. 
Using a normally conducting re-

ject stage and requiring the tube to 
be cutoff when a reject is encoun-
tered, affords a practical method of 
checking catastrophic failure in the 
test pack. If circuit voltages fail in 
the test pack, the tube in the reject 
stage is nonconducting, the reject 
relay remains deenergized and con-
stantly activates the reject mecha-
nism. A series of consecutive re-
jects makes a test pack suspect of 
failure. 

Diode flutter is defined as an in-
herent diode instability that causes 
a fluctuating d-c current when the 
diode is placed in series with a low-

SINGLE 
SHOT 

REJECT 
CIRCUIT 

impedance voltage source. 
The diode is placed in the test cir-

cuit as shown in Fig. 4B. The d-c 
component is removed from the 
fluctuating voltage by capacitive 
coupling and the alternating com-
ponent is coupled to an amplifier. 
The amplified signal branches 
through two diodes. The negative 
half is inverted and recombined 
with the positive half so the shunt 
bias clipper input signal resembles 
a full-wave rectified signal. 

The shunt bias clipper passes 
only the peaks of the signals that 
exceed the preset bias level. This 
bias (reject) level is set before test-
ing by applying a signal of an 
amplitude equal to the maximum ac-
ceptable limit to the amplifier in-
put. The pulse peaks at the output 
of the shunt bias clipper are applied 
to a single-shot multivibrator and 
reject circuit similar to that in the 
forward pulse circuit. 

It now appears that the industry 
is turning toward testing by varia-
bles rather than a go no-go basis. 
While the automatic tester does not 
read out the value of a diode pa-
rameter, a system of band testing 
can be adopted. Assume that a lot 
plot or distribution curve of the 
back resistance of a large group of 
diodes is required. Assume further 
that five distinct bands of back re-
sistance values are required. It be-
comes relatively simple to use three 
additional back resistance test 
packs (two are already in the auto-
matic handler) and to program each 
to the desired limits. The additional 
test packs can be inserted in any 
test station not being used. 

(B) 
FIG. 4—Forward recovery circuit (A) compares pulse voltage drop across diode with preset reject voltage. Flutter 
tester (B) measures a-c component of fluctuating d-c produced by diode and battery in series 
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Top view of analog-to-digital converter, with solenoid-operated printer 

VOLTAGE-TO-DIGITS 
Unknown voltage is compared with a relay-operated sequence of decreasing 

known voltages from a resistance voltage divider. The comparisons operate 

relays that control a printer, through a binary-to-decimal translator 

DURING a recent study of data-han-
dling techniques, need arose for a 
volts-to-digits converter of moder-
ate speed and accuracy, simple de-
sign and construction. An applica-
tion for such a device would be in a 
laboratory where a large number 
of test voltages are recorded in a 
maintenance program. The range 
was 0 to 100 volts d-c, with a resolu-
tion of 1 volt or less. A speed of 
one reading a second would be con-
sidered an improvement over ordi-
nary methods. 

This application required a po-
tentiometric measurement; that is, 
no power should be absorbed in the 
measuring device. This measure-
ment compares a known variable 
voltage with the unknown voltage, 
and the difference between them is 
reduced to zero. The sequence of 
varying the known voltage can be 
done by resistance slidewire, step-
ping switch, relay chain or elec-
tronic flip-flop. 

In considering reliability, stabil-
ity and ease of maintenance, it ap-
peared that electronic techniques 
were not justified in this applica-

tion. On the other hand, at rela-
tively low speeds, relays have an 
advantage. It appeared that a sim-
ple volts-to-digits converter could 
be developed using relays. 

In potentiometer circuits, the 
characteristics of the comparison 
device are important. This device 
determines whether the unknown 
voltage is less than, greater than or 
equal to the unknown voltage. It 
must be sensitive to the smallest 
increment of voltage that the sys-
tem is designed for, and in addition 
not be adversely affected by mo-
mentary overvoltages. A simple 
device for this purpose is the polar-
ized relay, which operates on volt-
age polarity changes in addition to 
amplitude changes. It can be de-
signed for operation at one milli-
watt or less. At the impedance lev-
els of this application, such a relay 
would operate on voltages as low 
as 0.5 volt. Figure lA shows the 
basic potentiometer circuit of the 
converter in a digital air-pressure 
recording system. 

Analysis of potentiometer circuit 
operation shows that a definite se-

quence of steps is necessary in bal-
ancing the circuit conditions. Some 
devices have smooth transistions 
from one step to the next, other 
have relatively large steps with 
abrupt changes from one step to 
the next. 

It was decided to use the succes-
sive approximation technique, in 
which the variable known voltage 
is compared with the unknown volt-
age in a sequence of steps decreas-
ing in value. 

Mathematical quantities may be 
expressed as a sum of increments, 
as in the binary system: A = a2" + 
b2"-' + c2"-' + d2"' + . . ., where 
n is the exponent in the most sig-
nificant term. If n is 7, the first in-
crement would be 128, second in-
crement 64. 

In successive approximations, 
trials of known voltage increments 
are made, comparing each with the 
unknown voltage. Decisions are 
made in each trial as to whether 
the known voltage is less than, 
equal to, or greater than the un-
known voltage. If less than, the 
voltage increment is kept in the 
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CONVERSION WITH RELAYS 

By THOMAS L. GREENWOOD, 
Instrument Development Section Test Laboratory, 

circuit, if an equal to or greater 
than decision is made, the incre-
ment is allowed to drop out. The 
coefficients a, b, c, . .. may be either 
1 or 0, depending on the decision 
of the comparison device. These 
decisions are made in time se-
quence, and may be recorded in that 
manner on magnetic tape or other 
medium. They are also stored in 
the increment retention devices 
(relays) and may be read out in 
parallel at the end of the sequence. 

Successive approximation is most 
efficient when using the binary sys-
tem, considering the number of 
sequence devices necessary. How-
ever, the binary system is not well-
suited for use by human beings. A 
sequence using the decimal system 
requires at least three times as 
many steps as one using binary, 
but produces readings more intelli-
gible to humans. A more efficient 
number system uses binary coded 
decimal numbers, where each deci-
mal digit is represented as the sum 
of binary numbers. A commonly 
used code is the 4-2-2-1, where the 
sum of increments to represent any 

Army Ballistic Missile Agency, Huntsville, Ala. 

quantity from 1 to 99 is: A = 40a 
+ 20b + 20c + 10d + 4e -F2f 
2g + h. This requires 8 steps, or 
increments. A binary series would 
require 7 steps to cover 0 to 99. 
A decimal series would require 20 
steps to cover 0 to 99. 
A voltage-to-digits converter was 

developed using these principles, 
with the 4221 code. Figure 1B is a 
simplified illustration of the funda-
mental principle used. Resistances 
Ri to R, comprise a voltage divider 
controlled by relays Ti to T. Point 
S is in effect moved up and down 
the resistance chain by operation 
of the relays, thus varying the ratio 
between the supply voltage and the 
output at S. These relays are op-
erated by a sequencing circuit, pro-
ducing voltages in steps of 40, 20, 
20 and 10, which are compared with 
the unknown voltage. The differ-
ence between the known and un-
known voltages is applied across 
the coil of the polarized relay PR. 
When the unknown voltage is 
greater than the voltage from the 
resistance voltage divider, the po-
larized relay contact is closed and 

locks relay T, and then the next 
step in voltage is added to that al-
ready produced by the voltage di-
vider. If the unknown voltage is 
less than that produced by the 
voltage divider, the polarized relay 
contact remains open and the T 
relay is allowed to drop open. 
The voltage-to-digits converter 

was constructed for a balance se-
quence of nine steps, with a full-
scale range of 0 to 99.5 volts. Fig-
ure 2A illustrates the operation of 
the converter. Resistors R, to Ris 
are in series, making up a voltage 
divider that produces a variable 
voltage of 0 to 99.5 volts, in 0.5-volt 
steps. These resistors are switched 
in the circuit by trial relays T, to T., 
which are controlled by relays S, 
to ,S„. The S relays are operated 
in sequence and require about 0.5 
second for the complete operation. 
The first comparison step is initi-

ated when relay S, closes trial relay 
T, through the sequence relay con-
tact chain and resistor Rs, produc-
ing 40 volts for comparison with 
the unknown voltage. The polarized 
relay coil PR, the unknown voltage 
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FIG. 2—The partial schematic (A) shows the first two of the nine sets of 
relays in the converter. The combination of locked T relays in the corn-
parison sequence (B) determines the voltage value to be printed out 

and the known voltage are all in 
series and the difference in the volt-
ages is impressed on the PR coil. If 
the unknown voltage is equal to or 
greater than 40 volts, the PR con-
tact (at lower right) remains open 
and the closure of Sa fails to oper-
ate L,. Operation of Sa opens the 
normally closed S. contact, breaking 
the circuit through the sequence 
relay contact chain and the PR 
contact. 

Operation of S, transfers R8 and 
the sequence relay contact chain to 
trial relay T,. If T, and L, are not 
locked, T, drops open. Relay T, 
controls a 20-volt increment that is 

added to 40 volts if T, and L, are 
locked. If T, and L, were not locked 
on the first step, only the 20-volt 
increment is then compared with 
the unknown voltage. The sequence 
continues, comparing known and 
unknown voltages, in decreasing 
values, through nine steps. 
At the end of the sequence, the 

locked relays will indicate the de-
cisions made as a result of known-
to-unknown voltage comparisons. 
Figure 2B illustrates this for an 
unknown voltage of 53.5. 
A relay translator converts the 

coded relay indications into decimal 
digit contact closures for operation 

of a printer. The translator relays 
are operated by normally closed 
contacts on the locking relays L, 
through L. Translator relays are 
operated one at a time when locking 
relays operate. The least significant 
figure is either 0 or 5, for the 0.5-
volt step. 
The sequence circuit is composed 

of a relay chain with three relays 
for each voltage step, plus printer 
control relays, and an error lockout 
relay. At the end of the print cycle, 
the entire sequence relay chain is 
opened and all relays drop back to 
normal unoperated status. A switch 
disables the automatic print cir-
cuit, and holds the digital value in 
the translator relays until a manual 
pushbutton actuates the printer. 
This is useful for checking overall 
operation. 
The polarized relay coil circuit 

is open at all times except when 
comparisons are being made. This 
prevents heating of the coil by con-
tinuous current. 

The converter components are 
mounted on a single chassis. Power 
for relay operation is supplied from 
external sources. In the photo, the 
row of relays next to the front panel 
is the locking relays (the L relays 
in Fig. 2A), next row is the trial 
relays (T relays). The three rows 
of telephone-type relays comprise 
the sequence circuit. The middle 
row (S, and S,) connects and trans-
fers trial relays to the power bus. 

The front row (Sa and S.) spaces 
or isolates trial relay transfers, to 
prevent false operation of the polar-
ized relay. The other row (Sa and 
SO connects and transfers polar-
ized relay contacts to locking relays. 
Capacitors decrease the speed of 
sequencing relays. Translator re-
lays are the last row along the rear 
of the chassis. The polarized relay 
is mounted on stilts in an iron en-
closure at the left rear corner. Un-
der it are the printer control relays. 
The error lockout relay is a minia-
ture type at the right end of the 
chassis. 
On the front panel are the oper-

ating controls. At the lower right 
is the pushbutton for initiating op-
eration. Next left is the error in-
dicator lamp. In the center is a 
variable resistance for padding the 
resistor chain. At the lower left is 
the switch used to disable auto-
matic print operation, and the push-
button for manual print control. 
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Operator calibrates instrument using precision variable frequency power supply 

Precision Variable 

Frequency Power Supply 

Ballast tube in thermal regulating bridge controls amplitude of the 

output; an adjustable filter controls the frequency from 50 cps to 2 Kc 

By EVERETT A. GILBERT, 
Radio Freque:Icy Laboratories Inc., 
Boonton. N. J. 

INSTRUMENT CALIBRATION usually 
requires a voltage or current source 
with stability five to ten times 
better than the accuracy of the 
meter under test. Short time source 

EXTERNAL 
SOURCE, IF USED 

3 FILTER 

R2 

stability of ±0.02 percent is de-
sirable for calibrating ±0.1 per-
cent instruments. These short time 
source stabilities can be obtained by 
feedback amplifiers and improved 
thermal regulating bridges. 

Figure 1 shows a simplified dia-
gram of an a-c voltage regulating 
system for instrument calibration. 

AMPL GAIN.II5 

NEG 
FEEDBACK 

POS 
FEEDBACK 

e2 II V 

FIG. 1—Thermal regulating bridge using ballast tube operates in power 
oscillator to maintain output voltage constant 

The system consists of a feedback 
stabilized amplifier, thermal regu-
lating bridge and filter network, 
with phasing such that the circuit 
oscillates at the series resonant fre-
quency of the LC filter. Output 
voltage e, builds up, heating the 
thermal element E, and raising its 
resistance until the thermal bridge 
is brought to balance (eb = 0). 
Reference voltage e, is the regen-
erative voltage needed to maintain 
the system in oscillation. Resistors 
R, and R, set the magnitude of the 
output voltage and the thermal ele-
ment regulates the voltage to this 
magnitude. 
Lamp filaments and thermistors 

have been used as thermal elements 
in similar applications'. Most lamp 
filaments are unsatisfactory for in-
strument sources as their resistance 
is sensitive to mechanical vibra-
tions and show a slow electrical 
drift. Thermistor bridges change 
with ambient temperature and re-
quire compensation or controlled 
ovens when used in precision regu-
lator circuits. Satisfactory ther-
mal elements for precision regu-
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lators are commercially available 
ballast tubes. 

These consist of a fine iron wire 
in a glass bulb filled with hydrogen. 
The curve of Fig. 2 shows the rela-
tionship between the voltage across 
the ballast tube and the current 
through it. With 30 volts across the 
thermal bridge of Fig. 1, the oper-
ating point of the tube is at P in 
Fig. 2. Bridge sensitivity is high: 
10 percent change in bridge input 
voltage gives 5 percent change in 
bridge output. 
The tunable filter is made up of 

load resistor, toroid inductor and 
variable capacitor. The variable ca-
pacitor consists of a decade of mica 
capacitors and a variable air ca-
pacitor and covers the range from 
30- to 20,000-pf. Separate clpaci-
tors of 1.1- and 0.85-ef are switched 
across the decade capacitor to ob-
tain oscillations at 50 and 60 cps. 
Besides controlling the frequency, 
the filter attenuates harmonics gen-
erated in the thermal bridge and 
nonlinear stabilizing resistor R. 
An external voltage from a source 
impedance of less than 100 ohms 
may be used to lock the system to 
an external standard frequency. 
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FIG. 2—Ballast tube has required 
characteristic for application 
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The filter must be tuned to the fre-
quency of this external. voltage. 
When the reference voltage e, is 

obtained from the power amplifier 
output, the thermal regulating loop 
can become unstable and amplitude 
modulate the output at a low rate, 
but if the bandwidth of the LC 
filter is small and attenuates the 
high frequency response of the 
thermal bridge, the system will be 
stable. Stability is possible with 
ballast tube thermal elements from 
FO to 2,400 cps but at higher f re-
quenciqs it is necessary to make e, 
1)-u-tinily independent of the ampli-
fier output. This is accomplished 
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FIG. 4—Details of thermal bridge and filter for use from 50 cps to 2 Kc 

by shunting Rs with nonlinear re-
sistor R.,. 

Steady state and transient char-
acteristics of the a-c thermal regu-
lating loop can be determined from 
a d-e servo loop, provided the band-
pass filter is replaced with a low-
pass filter of à the bandwidth. As 
shown in Fig. 3, the low frequency 
gain of the thermal bridge breaks 
at about 1 radian per second and 
falls off at 20 db per decade. The 
filter response is shown at à the 
bandwidth of the band-pass filter 
and falls off at 40 db per decade. 

Figure 4 shows the schematic of 
the thermal bridge and tunable 
filter. The output stage of the am-
plifier (not shown) uses two 7378 
pentode tubes in push-pull class 
AB„ transformer coupled to the 
output load. A small voltage pro-
portional to the current in the load 
provides positive f9edback to the 
input. To this positive 'feedback 
is added degenerative voltage pro-
portional to the voltage across the 
load. The maximum feedback rate 
or reduction in gain is 25 to 30 db. 
At full load the amplifier has a gain 
of 66 db without feedback, which 
is reduced to 40 db with feedback. 
Positive feedback is adjusted so 
that a 20 percent change in output 
load does not measurably change 
output voltage. Output impedance 
is less than 0.5 ohms. 
To insure stability with reactive 

loads, the frequency shaping of the 
open loop gain is accomplished 
within the frequency response of 
the output transformer. At low 
frequencies the amplifier response 
over the first 30-db fall off in gain 
is controlled by a small coupling 
capacitor at a rate of 20 db per dec-
ade. Above 2,000 cps the response 
is attenuated at 20 db per decade 
by a shunt capacitor. 
The photograph shows a 200 v-a 

variable-frequency power supply 
for instrument calibration from 50 
to 2,400 cps. Total harmonic dis-
tortion is less than 1 percent be-
tween 50 and 600 cps at 200 v-a 
output and about 0.5 percent be-
tween 50 and 2,000 cycles at 100 v-a 
output. When aligned for instru-
ment calibration the rms stability 
for periods of 10 to 15 minutes is 
less than 0.02 percent. 

REFERENCES 
(1) G. N. Patchet, Precision AC Voltage 

Stabilizers, Electronic Engineering, p 371, 
Sept. 1960. 
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United Eyelets and 

Eyeleting Machines Keep this Princess 

on Constant Call 

The new Princess telephone — a product of the 
Western Electric Company — is an achievement in 
communication design INSIDE as well as out, 
thanks in part to a United Eyeleting Machine that 
automatically feeds and sets six twin United Eyelets 
in a plastic insulating terminal board no bigger than 
a cigarette lighter. 

United achieved automation of terminal board 
production. Accurate alignment of the setting bar 
and an especially rigid frame — unique with the 
Model F United Eyeleting Machine — brings uni-
form pressure to bear on all six twin United Eyelets 
scattered over a broad pattern range. Reliability for 
the lifetime of the Princess was thus assured. 

If you want faster production using greatly simpli-
fied setups of multiple mechanisms plus absolute re-
liability in multiple eyelet patterns, call on United 
. . where over sixty years' experience in the design, 

development and production of eyelets and eyeleting 
machines, is at your service. 
Your nearest United sales office has full informa-

tion on the complete line of United Eyelets and 
Eyeleting Machines. Call or write today, 

UNITED SHOE MACHINERY CORPORATION 
140 FEDERAL STREET, BOSTON 7, MASSACHUSETTS 

Branches: ATLANTA, CA. • CHICAGO, ILL. • CINCINNATI, CLEVELAND and COLUMBUS, OHIO • DALLAS, TEXAS • HARRISBURG, PA. • JOHNSON CITY, N.Y. • LOS ANGELES. 
CALIF. • LYNCHBURG, VA. • MILWAUKEE, WISC. • NASHVILLE, TENN. • NEW YORK, N. Y. • PHILADELPHIA, PA. • ROCHESTER, N. Y • ST. LOUIS, MO. 

January 1, 1961 CIRCLE 101 ON READER SERVICE CARD 101 



VAR 
FRED 
OSC 

PULSE 
GEN 

DELAY 
DEVICE 

By HAROLD T. McALEER, 
General Radio Company, West Concord, Mass. 

SYNC 

FRED 
COUNTER 

( A ) 

yz CRO 

Precise Delay Measurement 

PRECISE MEASUREMENT of delay time 
has become a subject of increasing 
interest in the design of modern 
electronic equipment. This article 
describes a technique that permits 
the measurement of repetitive de-
lays with durations ranging from 
less than 0.1 microsecond to more 
than 1 millisecond, with a precision 
of a fraction of a nanosecond. 
A block diagram of the measur-

ing system (A) includes a variable-
frequency synchronizing oscillator, 
pulse generator, delay device under 
test, cathode-ray oscilloscope and 
frequency counter to monitor the 
repetition rate of the oscillator and 
pulse generator. The output of the 
pulse generator, either a brief pulse 
or a sharp voltage step, enters the 
delay device. Both input and output 
voltages of the device are observed 
simultaneously on the oscilloscope. 
The repetition rate of the oscillator 
is adjusted until the output pulse of 
the delay device coincides in time 
with the next input pulse. At this 
point the delay time of the device 
is equal to the time interval between 
input pulses, that is, the oscillation 
period of the oscillator. Thus if the 
pulse repetition rate is such that a 
pulse emerges from the device just 
as a new pulse enters, the delay 
time of the device is equal to the 
interval between pulses. The fre-
quency of the oscillator is measured 
by the frequency counter, and the 
time delay is calculated from 
t = 1/f. 
A precise measurement requires 

an equally precise definition. Where 
brief pulses are of importance, one 
useful convention defines delay time 
as the interval between the peak 
amplitudes of the input and output 
pulses. Where voltage steps are of 
interest, delay time is often defined 
as the interval between the 50-per-
cent amplitude points of the input 
and output voltage steps. 
The waveforms shown were ob-

served during the measurement of 
the voltage step delay of a develop-
mental 0.45-µsec delay line. The in-
put and output voltages of the de-
lay line are shown in (B). In (C) 
the repetition rate has been ad-
justed for approximate coincidence 
of input and output voltages. In (D) 
the maximum oscilloscope sweep 
rate was used and the repetition rate 
adjusted for the closest observable 
coincidence of the half amplitude 
points. The oscilloscope was a Tek-
tronix 543, with the sweep rate con-
trol at 0.1 i.tsec per cm and the 
sweep rate magnifier at 10, uncali-
brated. These settings produced an 
observed sweep rate of about 14 
nsec per cm. However, the actual 
sweep rate is unimportant, since the 
oscilloscope is used only as a coin-
cidence indicator. Measurements of 
the oscillator frequency indicate a 
delay of 0.4380 µsec with a meas-
urement reproducibility of 0.4 nsec. 
The method is obviously limited 

to the measurement of those delay 
devices having zero recovery time. 
That is, the device under test must 
be able to accept an input pulse 
while producing an output pulse. 
Delay devices with finite recovery 
times can be connected in cascade 
so that the overall combination has 
zero recovery time while each de-
vice has the delay time of the rest 
of the combination in which to re-
cover. 
The measurement precision is re-

stricted by the precision with which 
coincidence of input and output sig-
nals can be determined. This is re-
stricted by the maximum sweep rate 
and bandwidth of the oscilloscope 
and the amplitude and transition 
times of the signals. In the meas-
urement examples, a dual trace os-
cilloscope was used. The differen-
tial delay between the two traces 
must be determined—for example, 
by observation of the same signal 
on both traces. Both signals can be 

Block diagram of delay measure-
ment system (A). Waveforms show 
input and output voltage steps of 
delay line, at a low repetition rate 
(B), approximate coincidence (C), 
and exact coincidence (D), with 
horizontal scales of 0.2, 0.1, and 
0.014 .sec per cm, respectively 

observed on the same trace by a 
signal-adding network. Determina-
tion of coincidence also depends on 
the jitter or frequency instability 
of the oscillator and pulse gener-
ator and on the jitter of the oscillo-
scope sweep. Finally, the precision 
of measurement is limited by the 
stability of the oscillator during the 
interval of measurement and by the 
precision with which the frequency 
of the oscillator can be measured. 
With modern techniques of fre-
quency measurement the latter is 
seldom a limitation—except pos-
sibly in the measurement of long 
delays. 
The method has been used to de-

termine the temperature coefficient 
of delay networks and to test delay 
devices. 
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Sure I'd like to 
design it around high 

voltage transistors. 
But where do I 

get them? 

Have you talked 
to Clare? 

MULTIPLE SOURCES MAKE GOOD SENSE—in design, in purchasing, in production. And when 
you develop an additional source which gives you prompt delivery, top quality, reasonable 
pricing and truly creative service.., you make your whole job 
much easier. For example: when your circuit calls for high 
voltage transistors, you call for Clare. C. P. CLARE TRANSISTOR 

CORPORATION, 260 GLEN HEAD ROAD, GLEN HEAD, L. I., NEW YORK, 

or contact your nearest C. P. Clare & Co. sales office. 

2N398, CP398, 2N1310, CP98—Characteristics at 25°C 
Min. 

BV C80 
Min. 
VPT tab 

Min. 
hFE 

Max. Rated 
Dissipation 

2N398 (PNP) —105Vdc —105Vdc 20 at 
I=-5mAdc 

50mW 

CP398 (PNP) —105Vdc —105Vdc 1mc typ. 30 at 
1c.-5mAdC 

120mW 

2N1310 (NPN) -I- 90Vdc 4- 90Vdc — 20 at 120mW 

CP98 (PNP) — 65Vdc — 65VdC Arne min. 

_1,=---1-5mAdc 

30 at 
I --30mAdc c— 

150mW 

CLARE 
TRANSISTORS 
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RESEARCH AND DEVELOPMENT 

Horizon Scanner Has No Rotating Members 

By C. V. STANLEY, 
T. P. DIXON, 
Advanced Development Lab., 
rrr Laboratories, 
San Fernando, Calif. 

EXPERIMENTAL attitude sensor for 
artificial satellites has no rotating 
members. A permanent magnet 
loudspeaker is used in a horizon 
scanner that senses orientation of 
the satellite relative to the earth. 
It enables control of the satellite 
or a portion of it to direct tele-
scopes, cameras, antennas or other 
equipment in accordance with the 
mission of the vehicle. 

Significance of the development 
is its suitibility for space applica-
tions. The absence of rotating 
parts increases potential life and 
eliminates the problem of keeping 
bearings lubricated in the almost 
total vacuum in space. A labora-
tory breadboard of the scanner 
weighs less than a half pound. It 
consumes only 10 mw of electrical 
power limiting the added weight 
and space required for additional 
solar cells and storage batteries. 
Selection of electronic components 
and design and packaging of cir-
cuits were made to withstand the 
environmental extremes encoun-
tered in launching and space flight. 
The sensor can be used in a van-

MIRROR 

EARTH 
DETECTOR 

MIRROR 

EARTH 
DETECTOR 

SPEAKER 

IMAGE PLANE 

FIG. 1—Relative pulse durations 
from oppositely located indium an-
timonide detectors depend on 
earth's position with respect to op-
tical axis 

ety of other applications including 
stellar navigation, optical piekoff 
for gyros or as an autocollimator. 
Sensitivity of the breadboard hori-
zon scanner was better than one 
second of arc. 
The speaker is used to drive four 

small mirrors that scan the earth 
beneath the satellite. The mirrors 
are mounted on equally spaced leaf 

DET 

-rl- L 

DET 

PRE-

AMPL 

and generates error signals for 
the vehicle attitude control system. 
Pulse outputs from the detectors 
in Fig. 2 have a repetition fre-
quency equal to scanning rate. How-
ever, when the scanned object is 
not on the optical axis, duty cycles 
of oppositely positioned detectors 
are unequal. The fractional micro-
volt detector pulses are amplified 

SCANNER 
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AMPL 

JTh 
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CL IF 

OSC 

CLIP 

ERROR 
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AND 
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AND 
FILT 
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DIFF 
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«11-

t t— FROM OTHER CHANNELS 

FIG. 2—Unequal length pulses from each detector of pair are converted to 
d-c voltages and applied to differential amplifier to produce off-axis error 
signal 

springs attached to the voice coil 
at one end and to the frame at the 
other, as shown in Fig. 1. A lens 
provides an image of the earth at 
the image plane except where the 
mirrors deflect small segments of 
the image at the earth's edge to 
detectors. As the voice coil is 
driven, the mirrors nod synchro-
nously sweeping the segments on 
and off the detectors. 

If the earth's image is not cen-
tered on the optical axis of the sys-
tem, the times that the image is 
reflected to each detector are un-
equal. Duration of detector pulse 
outputs are also unequal with 
shorter pulses from one detector 
accompanied by longer pulses from 
the detector located opposite to it. 
Circuits compare pulse duration 
from each pair of detectors and 
provide an output proportional to 
displacement of the image from the 
optical axis. 
One of two electronic subassem-

blies processes detector signals 

to the millivolt level by preampli-
fiers and then to several volts by 
amplifiers. Clippers maintain con-
stant output amplitude regardless 
of object brightness, detector sen-
sitivity, optical transmissivity or 
differences in gain among channels. 
The clipped pulses are rectified 

and filtered to produce d-c voltages 
directly proportional to detector 
pulse duration. Filter time con-
stant, made compatible with ve-
hicle requirements, should be very 
long compared with scanning fre-
quency period but very short com-
pared with vehicle oscillation period. 
Within these limits, a longer time 
constant improves signal-to-noise 
ratio. 
The d-c voltages from a detector 

pair are applied to a differential 
amplifier that provides zero output 
when the object is on the optical 
axis. Output polarity for off-axis 
conditions is dependent on the di-
rection of deviation. 
Frequency of the fixed-frequency 
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Tung-Sol transistors meet tight specs of 
tifit-lniret miniature airborne power supply 

Flite-Tronics' miniaturized PC-8 airborne power 
supply is fast becoming standard equipment 
aboard many commercial, private and military 
aircraft. More and more aircraft designers, seek-
ing means of eliminating the costly maintenance 
problems associated with dynamotors, are re-
placing them with these all-transistorized Flite-
Tronics units. Moreover, the PC-8 provides 
large-scale reductions in weight and volume over 
rotary gear while sharply curtailing power drain 
losses. 

Heart of these bantamweight power supplies 
is Tung-Sol 2N459 germanium power transis-
tor. Tung-Sol made an all-out effort to meet 
the exceedingly difficult specifications laid down 
by Flite-Tronics for their high reliability equip-
ment. This is how Flite-Tronics reported the 
results: "The ability of Tung-Sol transistors to 
meet the required performance levels is largely 
responsible for the success of the PC-8. We have 

had no equipment failures whatsoever from these 
transistors." 

If you need the space-saving, power-saving' 
features of semiconductors, or if your design 
calls for tubes, you can be assured of premium 
performance when you specify Tung-Sol. And 
Tung-Sol makes both to a single standard of 
unexcelled quality. While your equipment is in 
the planning stage contact Tung-Sol application 
engineers. They will gladly assess your circuitry 
and give you an impartial recommendation for 
the component complement that most efficiently 
answers your design needs. Tung-Sol Electric 
Inc., Newark 4, N. J. TWX:NK193 

Technical information available through Atlanta, Ga.; 

Columbus, Ohio; Culver City, Calif.; Dallas, Texas; 

Denver, Colo.; Detroit, Mich.; Irvington, N. J.; Melrose 

Park, Ill.; Newark, N. J.; Philadelphia, Pa.; Seattle, 

Wash. In Canada: Abbey Electronics, Toronto, Ontario. 

*TUNG-SOL 



Assuring Accuracy in 
Analyzing Molten Metals 

‘7\) 

Another of Innumerable Applications of 
SPECIAL TIMERS 

by STANDARD 

W hat's your special timing requirement? For precise time 
measurements in specialized electronic instruments, as on this 
Direct Reading Spectrometer (product of Baird-Atomic, Inc.) where 

Standard timers are used in the readout to indicate per cent con-

centration of elements in molten metal? Or for accurate control 
and test timing—as with many manufacturers in the electronics 
and missiles fields? 

Whatever your needs, STANDARD has the experience and facili-

ties to develop the timer suited to your circumstances. (Accuracies 
to ± .001 seconds available in standard models.) Write today out-
lining your requirements. 

Request Catalog No. 198A covering the full line 
of STANDARD Precision Timers ... portable 
or panel mounted. 

eriee 
THE STANDARD 

ELECTRIC TIME COMPANY 
89 LOGAN STREET • SPRINGFIELD, MASSACHUSETTS 

_924-é Sécoi2a1... /5)-ecirely e 

scanning oscillator in the seeona 
subassembly is compatible with de-
tector chopping frequency and is 
centered at scanner resonant fre-
quency for maximum energy con-
version. Oseillntor output is am-
plified by a power amplifier, and 
age regulates output level and 
therefore scanning amplitude. The 
filtered d-c outputs and all detector 
channel error outputs are connected 
to the age circuit. Computer logic 
determines gain requirements based 
on system operating conditions. 

Large amplitude scanning is per-
mitted by the age for large error 
signals in any or all channels be-
cause large off-axis deviation is in-
dicated. High-amplitude scanning 
is also provided when both a zero 
error signal from a differential am-
plifier and a zero signal from one 
or both channels driving it exist. 
These conditions indicate that the 
scanned object is out of the field 
of view and large scanning ampli-
tude is desired to acquire it. 

Scanning amplitude is limited 
with simultaneous occurrence of 
small or zero error signals from all 
differential amplifiers and large sig-
nals from all channels driving them. 
These conditions exist when the 
object is at or near the optical axis. 

Helium Test Finds 
Transistor Leaks 

RELIABILITY of transistors is said 
to be improved by an unusual 
method of checking for leaks in her-
metic sealing. Delco Radio Division 
of General Motors, which is using 
the technique to replace all other 
leak-testing methods, calls it the 
helium-bomb test. 

All transistors are immersed at 
high pressure in a container filled 
with helium. If a transistor is not 
hermetically sealed, some of the 
helium will penetrate into the tran-
sistor. After removal from the 
high-pressure helium chamber, the 
transistors are washed in air and 
placed individually in an evacuation 
chamber. 
Gas evacuated from the chamber 

following this procedure is tested 
for helium. A standard helium de-
tection system is used, which can 
monitor leak rates as low as 10' 
cie/see. 
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Because of the higher inherent 
reliability realized with the helium-
bomb test, Delco Radio has discon-
tinued all other leak-testing meth-
ods. Before making the decision to 
rely wholly on the helium test, the 
firm used the water-bomb test. This 
procedure involves immersing the 
transistors in water at high pres-
sure. Then, after baking, they are 
tested for electrical defects. An in-
herent weakness of the water-bomb 
test became apparent. Water vapor 
inside a unit generally destroys it. 
However, it was found that some 
marginal leakers passed electrical 
tests following immersion in water 
and baking but failed later. 
Helium does not damage the tran-

sistors. By using the helium-bomb 
approach, absence of leakage in her-
metic sealing is assured without 
using radioactive gases or damag-
ing transistors with water vapor. 

Ozone and Weather 

ANALYSIS of the ozone layer in the 
stratosphere may give clues on 
atmosphere circulation and thus 
supply information on weather pre-
viously unknown. An ozone an-
alyzer using thermistors will be 
used to determine the amount of 
ozone in the atmosphere at various 
seasons of the year. 
At altitudes of 40,000 to 150,000 

feet the atmosphere's absorption of 
the sun's ultra-violet radiation 
brings about a process of decompo-
sition to produce ozone. The ozone 
layer thus formed is heated by the 
process to cause turbulence in the 
next higher layer, the mesosphere. 
The resulting air currents are 
thought to affect atmospheric cir-
culation. 
The analyzer mounted for test 

purposes on a KC-135 jet tanker 
determines the amount of ozone by 
measuring the heat of the decom-
position process, thus tieing-in 
this information with prevailing 
weather conditions. 

Since ozone has a very definite 
deteriorating effect on humans, the 
instrument may fulfill another pur-
pose: constant monitoring of the 
ozone layer as aircraft and space-
craft fly through it. An Air Force 
Research Division scientist, Fracois 
Olmer, conceived the device. 

— the time-tested standard of the resistor industry 

Evanohme 
RESISTANCE ALLOY 

— for resistors and precision instrumeUts 

70 50 ea 10 10 30 50 70 
TEMPERATURE IN C. 

Percent change in resistance of an ideal sample 
of Everohm. Normal production material (.00r 
and finer) is supplied within the range .10 ppm 
(-65 to 25 C. and 25 to 125"C. referred to 25"C.) 

Wherever exceptional stability over a wide tem-
perature range is essential, EVANOHM is the 
accepted standard of performance. This high-
reliability resistance alloy provides high specific 
resistance, low temperature coefficient, low ther-
mal EMF to copper. EVANOHM is especially 
recommended for use in resistors, aircraft in-
struments, for guided missiles, rockets and 
other precision equipment. Available in bare 
wire, enamel, formvar, polyurethane, silk, 
cotton, nylon and glass insulation. Write for 
complete electrical and mechanical data and 
recommendations on your specific application. 

*Pa ?,.293,87-?,17,7P,',,C7 Rcrt.i'rer? 

WILBUR B. DRIVER CO. 
Main Office: NEWARK, N. J.—Tel. HUmboldt 2-5550 

Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter H'way, 
Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. Canadian Wilbur B. Driver Co., Ltd., 
Rexdale (Toronto). Subsidiary: Western Gold and Platinum Co., 525 Harbor Blvd., Belmont, Calif. 

January 13, 1961 CIRCLE 107 ON READER SERVICE CARD 107 



COMPONENTS AND MATERIALS 

The U. S. Navy's two-million-watt radio station uses Republic Steel's stainless steel tubing to shield and grade the in-
sulator string to prevent formation of corona and flashover. Top left photo shows welder joining a leg bracket to a sec-
tion of grading ring. Center photo shows workmen attaching base plate to grading ring at Lapp Insulator's High Voltage 
Lab in LeRoy, N. Y. Rings and insulators are shown during final testing on dummy tower, right 

Antenna Signals Blanket Entire Planet 

WHAT IS believed to be the world's 
mightiest radio station, broadcast-
ing with 40 times the power of any 
existing commercial broadcasting 
installation, is being outfitted with 
special stainless steel grading or 
corona rings, believed to be the 
largest ever fabricated, for use on 
antenna insulator strings. Details 
of this construction has just been 
released to this column on an exclu-
sive basis. 

This station is now being erected 
on a peninsula on Machias Bay, 
Maine, for the U. S. Naval Com-
munications System, as a compo-
nent of the Polaris FBM System. 
Continental Electronics Manufac-
turing Company is the prime con-
tractor, and the contract is being 
administered by the Bureau of 
Yards and Docks, Navy Depart-
ment. The entire installation will 
be a $70 million addition to the na-
tion's defense setup. 
The antenna system of the sta-

tion consists of 26 supporting tow-
ers interconnected by a virtual 
spider web of antennae. Each an-
tenna panel is insulated and sup-
ported from the towers at each of 
four points by a chain of insulator 
links 74 inches long. In turn each 
of these long strings of porcelain 

insulators is fitted with a pair of 
the giant grading rings; the rings 
with supporting frame work for at-
taching to the ends of the insulator 
strings straddle the insulating units 
like funnels strung on a washline. 
The rings form a safe gradient for 
400,000 volts so that the station's 
power is not dissipated in corona 
losses or arcing. 

Looking like frames for mam-
moth funnels, the grading rings are 
fabricated in two sizes from Repub-
lic Steel's stainless steel tubing to 
give the needed non-magnetic prop-
erties, strength and corrosion re-
sistance to salt sea air. 
The larger of the two corona 

rings has a 20 ft. diameter mouth 
pyramided to a steel plate at the 
other end by six 15-foot legs. The 
smaller of the two rings is similar 
in construction with a 15-foot di-
ameter mouth. The open end of the 
rings is made from Type 304 41-
inch 0.D., 0.165-inch wall stainless 
steel tubing in three sections. The 
rings were designed by Lapp Insu-
lator Co., Inc. of LeRoy, N. Y. and 
furnished as part of their insulator 
assemblies. Both Lapp and Jentsch 
and Company of Buffalo, N. Y., who 
did the actual bending, report that 
no difficulty was experienced in im-

parting the proper curvature to the 
tubing. Three attachment fittings 
to which turnbuckles and legs are 
attached are welded to each section 
of the tubular circle. The end of 
each section is flared for the inser-
tion of a stainless steel plug used to 
connect one section of the circle to 
the next. The legs of the rings are 
of Republic's Type 304 3-inch 0.D., 
0.165-inch wall stainless tubing. 

Completed, a ring is mounted at 
each end of every insulator string 
requiring some 96 corona rings in 
all. The mouth ends of the rings 
face each other on the insulator 
string and are fastened to the in-
sulator links by six shielded barrel 
turnbuckles. 
The insulators are necessarily 

located close to the towers where 
the voltage gradient is the greatest 
and where corona losses and arcing 
would certainly occur if the grading 
rings were not used. 
The antennae are spread out in 

two arrays, each having a center 
tower 980 feet high, an inner circle 
of six towers 870 feet high and an 
outer circle of six towers 800 feet 
high. The two antennae arrays that 
link these towers cover an area of 
more than 1200 acres. The towers 
were fabricated by Republic's Steel 
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Link Division of General Precision, Inc. specified ITT capacitors for this 
vital portion of its Tracer Identification and Control System„ which de-
mands utmost reliability and long life expectancy from every component. 

TOTAL PROCESS CONTROL AND DISCIPLINED PRODUCTION DELIVER 

HIGH-RELIABILITY WET-ANODE 
TANTALUM CAPACITORS FROM ITT 
ITT wet-anode tantalum capacitors meet MIL-C-3965B—a fact proved by independent 
laboratory qualifications tests on ITT capacitors. The reliability and long life expectancy 
of these competitively-priced capacitors are direct results of ITT's total process control and 
disciplined production procedures, above and beyond testing standards more stringent than 
'normal industry practice—and backed by ITT's world-wide facilities and experience. 

IN STOCK AT In DISTRIBUTORS: 

• TWO TYPES— M-Type and P-Type, for applications from —55 to 
85 and 125 C. respectively 

• 29 VALUES— from 1.75 to 330 mfds over a working voltage range 
to 125 VDC and maximum surge voltages to 140 VDC 

• COMPACT AND RUGGED— sintered tantalum slug in fine-silver tases 
for 2000-hour life at maximum temperature and working voltage 

• GUARANTEED— tO 80,000 ft. and accelerations of 20 G's with a 
0.1 in. excursion in 50-2000 cps range 

• LONG STORAGE LIFE—tantalum-oxide dielectric is completely 
stable; assures trouble-free operation 

COMPLETE SPECIFICATIONS ON ITT wet- and solid-anode 
tantalum capacitors are available on request. Write on your 
letterhead, please, to the address below. 

ENGINEERS: Your ITT representative has a complete set 
of qualifications and quality control testa for your inspection. 

COMPONENTS DIVISION 
INTERNATIONAL rEtEPHONE AND TELEGRAPH CORPORATION 
015 SAN ANTONIO RD., PALO ALTO, CALIF. 

Phone these ITT-CO Capacitor Sales Offices: 
Albuquerque ..,..AX.9-8013 Los Angeles  HI 6-6325 

Boston . ......CA 7-2980 Miami  Ml 4-3311 

Chicago ..... 7-2250 Minneapolis .. WE 9-0457 

Cleveland  CFI 5-3080 New York  LO 5-1820 
Dallas   EM 1-1765 Philadelphia  TR 8-3737 

Dayton  BA 8-5493 Phoenix  WH 5-2471 

Denver  KE 4-5091 Rochester  Fl 2-1413 

Detroit  TO 8-3322 San Francisco .LY 1-7321 

Fort Wayne  HA 0641 Seattle  MA 2-5433 

Kansas City  JE 1-5236 St. Louis  EV 2-3500 



• speeds up to 2000 turns per minute 

• 4-digit, 2- or 7- position predetermined counting 

BOESCH 
electronically 
controlled 
toroidal winder 

The entirely NEW electronic system of the TW 300 provides un-
matched features in a toroidal winder . . . proximity pick-up for use 
with any size wire without physical contact . . . 100% accurate turns 
counting . . . controlled slow-start, slow-stop driving motor . . . auto-
matic segmental winding with perfect repeatability . . . progressive 
winding of segments or continuous coils in either direction. 

The TW 300, designed for easy servicing and maintenance, cuts pro-
duction time and operator fatigue to the bone. Flexibility in production 
of new coil types with superior electrical characteristics is unlimited 
because of the new control system with automatic winding features. 
This machine is a significant advance toward complete automation of 
toroidal winding. 

WRITE FOR COMPLETE DATA 

BOESCH 

BOESCH MANUFACTURING 

COMPANY, INCORPORATED 

DANBURY, CONNECTICUT 

Truscon Division, Youngstown, 
Ohio. 

Generally, the station will broad-
cast with an input power of two 
million watts. The power house will 
be able to generate 12 million watts 
so that de-icing operations may be 
carried on simultaneously with the 
powerful very low frequency trans-
mission. When completed early next 
year, the station will be capable of 
sending signals throughout the 
world as well as to our submarines ; 
anywhere under the sea. 

Improved Battery Meets 
Outer Space Requirements 

A RECHARGEABLE nickel-cadmium 
battery with a true hermetic seal, 
specifically designed for high reli-
ability, long-life outer space per-
formance was revealed by Gulton 
Industries, Inc., of Metuchen, N. J. 

Dr. Leslie K. Gulton, president 
and chairman of the electronics 
firm, announced that the new bat-
tery has features which point to 
improved high-energy-density stor-
age systems: a proprietary ceramic-
to-metal seal which forms a true 
molecular bond; a new porous syn-
thetic sheet separator with super-
ior stability under the severe 
oxidizing conditions inside the 
sealed cell, even at elevated tem-
peratures; and greatly improved 
electrical performance character-
istics. 
The improvements, incorporated 

in a nickel-cadmium system, are 
applicable to any other sealable 
battery, such as the silver-cadmium 
system. 

Developed by the company for 
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A few of the many different door interlock switches 
available. Write for Data Sheet 186 or see the Yellow 
Pages for the nearby MICRO SWITCH Branch Office. 

MICRO SWITCH Precision Switches 

NEW 

DOOR INTERLOCK 

SWITCH eliminates 

momentary circuit break 

during re-set 

(Actual Size) 

A new model in MICRO's line of protective door interlock 

switches, the "13AC" is designed to eliminate that momen-
tary power interruption when the interlock is re-set upon 
closing the door. This feature is particularly desirable on 
electronic equipment such as data processing consoles, trans-
mitters or computers. 

Door interlock switch assemblies automatically break the 

power circuit when a door or drawer is opened, make it easy 

to intentionally energize the circuit for check or test, and 

eliminate the use of dangerous jumpers or tie-downs. When 
the door is closed, these devices automatically re-set so that 
next time the door is opened, power is safely cut off. 

MICRO SWITCH door interlocks are the ultimate in re-
liability as protective devices on cabinets and enclosures 
containing electronic equipment that may be hazardous to 

personnel. More than 150 models include environment-
proof and high temperature designs, subminiature and multi-
circuit assemblies and some with self-lubricating thermo-
plastic actuating rods. 

MICRO SWITCH . . . FREEPORT, ILLINOIS 
A division of Honeywell 

In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 

H 
HONEYWELL 

Honeywell 
MICRO SWITCH Precision Switches 
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practical answers to your marking problems 

This 12-page booklet explains how the electrical or electronic product you 

make can be marked — at production speeds — with clear imprints that 

hold. Are you looking for a way to mark odd shapes — a practical short-run 

marking method — an ink that will hold on an unusual surface, or withstand 

temperature, handling, moisture or other conditions? This catalog describes 

machines, printing elements and inks that will meet your requirements in the 

marking of products ranging from subminiature components to panels and 

chassis. There are special sections with practical answers to color banding, 

Underwriters' Laboratories manifest label legend marking, tape and label 

printing, wire and tube marking, efficient "in-line" marking. For your copy 

of the Markem Electrical Catalog, write Markem Machine Co., Electrical 

Division, Keene 5, New Hampshire. 

MARKEN! 
HELPING YOUR PRODUCT SPEAK FOR ITSELF 

military and space applications, the 
new battery has better overcharge 
capabilities at lower operating pres-
sures than prior models. The five-
ampere cell is capable of absorbing 
a charge current of one ampere in-
definitely. 
The battery operates for at least 

20,000 duty cycles over a period of 
many years. The unit will have 
applications in remote installations 
on the earth's surface where equip-
ment must perform unattended for 
exceptionally long periods. 
The new ceramic-to-metal seal 

evolved from a program encom-
passing the development of both 
materials and techniques, leading 
to materials of superior mechanical 
strength, matched thermal charac-
teristics and resistance to severe 
chemical attack. The Gulton tech-
nique now makes it possible to seal 
large ceramic inserts to flat metal 
surfaces. 

Improved techniques have been 
developed whereby large amounts 
of oxygen can be recombined at low 
pressures at active electrode sur-
faces. Greater uniformity in elec-
trical characteristics between cells 
has been achieved in the battery. 
The new separator will not de-

teriorate at high temperatures and 
will hold electrolyte during shock, 
acceleration and spin. Special 
methods for integrating cell com-
ponents were used to create the new 
battery. 
The battery absorbs excess en-

ergy without leaking or bursting. 
Energy can now be effectively 
stored and limited by a single de-
vice, eliminating the need for 
auxiliary equipment to limit over-
charge. 
The battery acts as a voltage 

regulator and prevents overloading 
of the electronic circuits in periods 
when excessive solar energy is 
collected. Thus, the battery is never 
overcharged, but always fully 
charged. 
The sealed nickel-cadmium bat-

tery is used in conjunction with 
solar cells as a power source in 
satellites today. Solar cells supply 
energy to the instruments while 
the satellite or space vehicle is in 
sunlight, but when eclipsed from 
the sun, power comes from the 
storage battery. 

Gulton plans to produce these 
cells, using refined manufacturing 
techniques. 
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NOW UNDER ONE ROOF AT LOCKHEED/BURBANK 

Lockheed California Division has expanded its already great 

resources at Bilrbank. For it now encompasses, under one 

roof, the two vast worlds of Spacecraft and Aircraft. 

This typifies Lockheed policy to steadily advance the state of 
the art through basic research in related and scientific fields. 

Result? Now—more than ever—Lockheed offers Scientists 

and Engineers uncommon opportunities; equips them with 

every modern facility; gives them freedom to explore and ex-
press new ideas; makes possible greater individual recognition. 
Now being designed and developed in Spacecraft and Air-

craft are: Hypersonic interceptors; V /STOL; supersonic inter-

ceptors; I imocopters; missiles; manned spacecraft; and 

satellites. 
Scientists and Engineers of outstanding talent are now 

invited to participate in this new, dual enterprise. Immediate 

openings are available to: Aerodynamics engineers; thermo-

dynamics engineers; dynamicists; electric research engi-

neers; servosystem engineers; electronic systems engineers; 

biophysicists; infrared physicists; hydrodynamicists; ocean 

systems scientists; phys10-psychological research special-

ists; mammalian culture 'research specialists.; and radiation 

hazards specialists. 
Write today to Mr. E. W. Des Lauriers, Manager Professional 

Placement Staff, Dept. 1501,2408 N. Hollywood Way, Burbank, 

California. 

LOCKHEED 
CALIFORNIA DIVISION 



PRODUCTION TECHNIQUES 

Alloy pellets being loaded into top of squeeze plate. Pellets fill holes as 
they roll down plate behind sliding metal block 

Cutaway sketch of pellet loader. 
Holes in the three plates line up 
when fixture is squeezed 

Operator positions pellet loader 
over boat, to drop 42 pellets into 
boat simultaneously 

Multiple Pickups Load Transistor Parts 

SQUEEZE PLATES and vacuum pick-
ups are used extensively to load and 
unload boats for furnace alloying of 
low-voltage audio transistors at the 
Lansdale Division of Philco Corp., 
Lansdale, Pa. 
One type of squeeze plate com-

pletely loads one side of a boat with 
alloy pellets in a single operation. 
The plate is made of three pieces of 
sheet metal. The middle sheet is 
spring-loaded so it will move par-
allel to the top and bottom plates 
when the plate is squeezed. Holes 
corresponding to pellet positions in 
the boat are drilled in each sheet. 
However, until the plate is squeezed, 
the holes in the three plates do not 
line up. When the plate is posi-
tioned on top of the boat and 
squeezed, the pellets drop into the 
boat cavities. 
To load the plate, the operator 

places it on an inclined rack. Pel-
lets are poured from a vial over the 

high end of the plate. As the pellets 
roll down, they drop into the top 
sheet's holes, which are large 
enough to hold only one pellet. A 
soft brush is used to make sure all 
holes are filled and to remove extra 
pellets. Unused pellets fall into a 
receptacle at the low end of the 
plate. 

Similar squeeze plate unloads 
graphite sleeves from boats 

A similar squeeze plate unloads 
graphite sleeves from the boats 
used to alloy miniature hearing aid 
transistors. The sheets of the plate 
are drilled so the holes are aligned 
when the plate is not squeezed. The 
tops of the sleeves are provided 
with small flanges. When the plate 
is positioned over the boat and 

Vacuum bar is used to pick up 
pistons and drop them in boat 
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TYPICAL BENDIX® SPECIAL-PURPOSF CABLES 
THAT SOLVE CRITICAL ENVIRONMENTAL PROBLEMS 

1 Heavy Duty—Ground Support Cable 
2 Benseal tz, Missile Control Cable 
3 Fabric Braided—Aircraft and Missile 

Control Cable 
4 Metal Braid—Aircraft Nacelle Cable 
5 High Temperature—Radiation Resist-

ant Cable 
6 High Temperature—Lightweight— 

Missile Cable 
7 "Wet Wing" Aircraft Fuel Cell Cable 

Rewirable—Jet Engine Control Cable 
g High Temperature — 1500°F.—Ther-

mocouple Cable 

Bendix cables—products of over a quarter-
century of design and manufacturing experience 
— are proving their complete reliability in a 
countless variety of applications involving critical 
environmental conditions. 

BENDIX CABLES • BENDIX CONNECTORS 
Designed together to work best together 

For complete information, write: 

Scintilla Division 
SIDNEY, NEW YORK 

Tlener•••• 
CORPORATION 
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taking the 

overload off 

The trouble with using fuses to protect 

transistors from short period overloads or 

fault currents is simple: the transistor is 

by far the better (and faster) fuse. It can 

also be called too much "thermal inertia" 

on the part of the fuse, but the transistor 

still ends up the same way. 

As fate* would have it, a prominent 

relay manufacturer has now come to the 

rescue. We've devised a simple little 3-

terminal device that will prevent destruc-

tion of transistors by DC overloads. It's 

working in customers' equipment, and 

operates in I to 5 milliseconds 

limits the transient, with a com-

plete short circuit, to a maxi-

mum of 5 times the set value 

interrupts currents up to 5 

amperes 

can be reset (locally or remotely) 

or designed to cycle 

will operate a local or remote 

warning light, buzzer, etc. 

can be supplied in a wide vari-

ety of set points 

*and our New Business Program 

— — operates within + 20% of its. 
set point 

— — doesn't cost all outdoors 

You do have to allow for the resist-

ance this overload protector introduces 

into the circuit, but it's in the order of 

1 to 5 ohms and the voltage drop is a 
few millivolts, less than one-tenth the 

voltage drop of the conventional circuit 

breaker. 

To those who might question the 

economics of spending more than the 

transistor's cost just to protect it, keep 
the alternatives in mind. If the burned 

out transistor(s) lets a machine produce 

a carload of 4-foot yardsticks or causes 

a few hours of expensive down time, the 

protection is cheap. (Ever rented a 

computer?) 

If you'd like some block diagrams of 

typical uses and an assortment of repre-

sentative values and ratings, write to us, 

care of our Current Fault Division. 

SIGMA INSTRUMENTS, INC. 

62 Pearl Street, So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE CO. 

squeezed, the flanges are caught and 
the sleeves can be lifted out. The 
sleeves are transferred to holding 
jigs and released from the plate. 
Vacuum pickups speed the load-

ing of graphite pistons. The graph-
ite parts are sintered in vacuum 
furnaces before use and then are 
stored in plastic carrying jigs. 
Loading positions in the jigs and 
vacuum ports in the pickup corre-
spond to positions in a single row 
of cavities in the boat. The parts 
are transferred row by row from 
the jigs to the boat. 
Vacuum pickups of the small, 

hypodermic needle type are used to 
load semiconductor dice individu-
ally. 

Assembly by Brazing 
Cuts Machining Time 

Assembly in dip-brazing fixture 

DIVIDING an aircraft instrument 
housing into 14 pieces and assem-
bling the parts by welding and dip-
brazing has been found by John 
Gombos Co., Inc., Clifton, N. J., to 
reduce production costs. 

Chief savings are in machining 
time. It was formerly cast in alu-
minum with heavy walls and hogged 
out. Machining took 30 hours. The 
curved walls are 0.04 inch thick at 
the sides, 0.09 inch thick in the 
corners and carry eight ribs. 

In the assembled version, the 
base is milled from aluminum plate 
on a duplicator machine. An extra 
groove is milled in the base to an-
chor the walls. The wall is formed 
by wrapping aluminum sheet around 
a form and welding the seam. 
A welding fixture, consisting of 
two phenolic plates held apart by 
studs, is placed inside the wrap-
around. The plates are slotted to 
locate the ribs and four corner fill-
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Parts and completed assembly 

Parts located in welding fixture 
(top view) 

ats of 0.5 inch sheet. They arc 
secured by tack welding them to 
the top and bottom of the walls. 
The wall assembly is fitted into 

the base groove and the housing is 
placed in a brazing fixture. The 
fixture preserves wall curvature by 
pressing curved stainless steel plates 
against the inside surface of the 
wall. The plates are chamfered at 
the corners so brazing wire can be 
placed along the wall and rib joints. 

Brazing wires are precut and 
formed with a hook at the top so 
they need only be hung in the as-
sembly. After dip-brazing in a 
salt bath, the assembly is heat-
treated. The fixture is similar to 
the brazing fixture except it also 
presses contour plates on the ex-
terior of the housing. The assem-
bly is made h inch too high so it 
can be trimmed square. 

Microfilm Card Stripper 
GLASSINE protective covering is re-
moved from the adhesive edge of 
microfilm aperture cards by a strip-
per made by Dataflow, Inc., Bing-
hamton, N. Y. The device is de-
signed for use with mounters 
employed in engineering drawing 
reproduction systems. It is reported 
to be faster than hand stripping 
and does not bend or crimp the 
card or damage the adhesive. 

IMAGINE 
THIS CONTACT 
ASSEMBLY... 

3/8 " IN DIAMETER! 

Maybe a microminiature electronic 
gadget you're working on needs a tiny 
contact assembly. If you can dream it 

up, we can make it. Probably better, faster . . . 
and often less expensively . . . than you might be 
able to do yourself. Because we have the 
broadest line of contact materials you can find 
anywhere, and the most experience and equip-
ment for fabricating them and attaching to 
backing members. We like tough problems. Got 
one? Write to Mallory Metallurgical Co., P.O. 
Box 1582, Indianapolis 6, Indiana—a division 
of P. R. Mallory & Co. Inc. 

*Actual size 

P.R. MALLORY a CO.Inc. 

MALLORY 
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New On The Market 

R-F Diodes 
ALL-GLASS, HERMETIC SEAL 

A SERIES of subminiature silicon 
point-contact diodes with all glass 
construction, and designed for use 
in r-f circuits is available from Mi-
crowave Associates, Inc., Burling-
ton, Mass. 

All-glass construction assures a 
reliable hermetic seal, enables di-
rect soldering to axial leads close to 
the diode's shell, and reduces shunt 
capacitance for improved band-
width at microwave frequencies. 
The 1N830 is recommended for 

uhf and vhf video detection and 
general purpose r-f rectification in 
coaxial and printed circuit applica-
tions. 
The 1N831 is designed for low-

Audio Delay Line 
HIGH PHASE LINEARITY 

HIGH-PRECISION audio delay line 
with a delay of 5,000 microseconds 
± 1 percent has been announced by 
Columbia Technical Corporation, 
Woodside, N. Y. Known as Type 
L894C, the delay line has a phase 
linearity of ± 0.1 percent in the 
center frequency band from 3,050 

noise r-f mixer applications at sig-
nal frequencies below 4,000 Mc. 
The 1N832 is intended for 

printed circuit low-noise broadband 
mixer applications at frequencies 
between 4,000 and 10,000 Mc. 
The 1N833 type is intended for 

low-level r-f detector circuits at all 
frequencies below 10,000 Mc. Ma-
jor applications include broadband 
receiver circuits, beacon transpond-
ers, microwave computer detection 
and control circuits. 

All diodes of the 1N830 through 
1N833 series are available in pro-
duction quantities. 
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to 3,550 cps. The phase linearity to 
cut-off is ± 0.2 percent. 
The line has an impedance of 600 

ohms and a low-frequency insertion 
loss of 1.5 db. The attenuation is 3 
db at 3.5 Kc and 6 db at 4.8 Kc. The 
unit is housed in a standard rack-
mounting type cabinet 19 x 5i x 

and weighs under 25 lb. 
Electrical characteristics are ob-

tained by a combination of m-de-
rived filter networks in which m is 
a complex quantity. Each element 
is equalized and matched to assure 
precision performance. 
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Bidirectional Coupler 
BROADBAND, CALIBRATED 

A BROADBAND, precision calibrated 
variable directional coupler called 
the Delta Coupler is announced by 
Kearfott Microwave Branch, Gen-
eral Precision, Inc., 14844 Oxnard 
Street, Van Nuys, Calif. 
The instrument is adjustable 

from 5 to 70 db and may also be 

used as a precision variable attenu-
ator over these ranges. Accuracy is 
assured to within ± 1 db of abso-
lute attenuation over the specified 
frequency range and is displayed on 
a direct reading dial. Maximum 
power handling capability is 200 
watts; low vswr, low insertion loss 
and high directivity are inherent in 
the instrument. The coupler is 
available in frequency ranges from 
500 to 1,000 Mc and through 4,000 
to 8,000 Mc. 
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Variable Capacity Diode 
FOR FREQUENCY CONTROL 

TYPE IN3182 voltage variable ca-
pacitor silicon diode is specifically 
designed and manufactured for au-
tomatic frequency control applica-
tions. Featuring a high Q (typical 
60), the 1N3182 will maintain a 
precise oscillator frequency. The 
variation of capacitance with bias 
gives high sensitivity for strong os-
cillator pull-in. 

Reliable supply of a uniform ale 
diode is insured by design rather 
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ASSURE A LOW FAILURE RATE OF 
Only 1 Failure in 7 0 Unit-Hours for 0.1 MFD Capacitors 

1q386, 
Setting A New High Standard Of Performance! 

* Life tests have proved that El-Menco 
Mylar-Paper Dipped Capacitors — tested 
at 105°C with rated voltage applied — 
have yielded a failure rate of only 1 per 
1,433,600 unit-hours for 1.0 MFD. Since 
the number of unit-hours of these capaci-
tors is inversely proportional to the capac-
itance, 0.1 MFD El-Menco Mylar-Paper 
Dipped Capacitors will yield ONLY 1 
FAILURE IN 14,336,000 UNIT-HOURS. 
CAPACITANCE AND VOLTAGE CHART 
• Five case sizes in working voltages and ranges. 

200 WVDC — .018 to .5 MFD 

400 WVDC — .0082 to .33 MFD 
600 WVDC — .0018 to .25 MFD 

1000 WVDC — .001 to .1 MFD 

1600 WVDC — .001 to .05 MFD 

SPECIFICATIONS 
• TOLERANCES: 10% and 20%. Closer tolerances 

available on request. 
• INSULATION: Durez phenolic, epoxy vacuum 

impregnated. 
• LEADS: No. 20 B & S (.032") annealed copper 

clad steel wire crimped leads for printed circuit 
application. 

• DIELECTRIC STRENGTH: 2 or 21/2  times rated 
voltage, depending upon working voltage. 

• INSULATION RESISTANCE AT 25 °C: For .05MFD 
or less, 100,000 megohms minimum. Greater 
than .05MFD, 5000 megohm-microfarads. 

• INSULATION RESISTANCE AT 105 °C: For .05MFD 
or less, 1400 megohms minimum. Greater than 
.05MFD, 70 megohm-microfarads. 

• POWER FACTOR AT 25 °C: 1.0% maximum at 
1 KC 

These capacitors will exceed all the electrical 
requirements of E. I. A. specification RS-164 and 
Military specifications MIL-C-91B and MIL-C-25C. 

Write for Technical Brochure 

MINIMUM LIFE EXPECTANCY FOR " 1.0 MFD *MYLAR-F'APER DIPPED 

CAPACITORS AS A FUNCTION OF VOLTAGE 8‘ TEMPERATURE 

1 l l l l 
**THE NUMBER OF UNIT-HOURS IS INVERSELY 

TO THE CAPACITY IN MFD— 150 PROPORTIONAL 

200 

15 

10 

*•det 
—13 

...  

AA 85 C TEMPERATURE 

CT 

..e.---

BB-105C TEMPERATURE 
CC =  125C TEMPERATURE - 

10,000 00,000 1,000,000 . 

UNIT-HOURS FOR ONE FAILURE 

A 

10,000,000 

*Pegiatered Trade Mark of DuPont Co. 

THE ELECTR OTIVE MFG. CO., INC. 
WILLIMANTIC 

• molde r • dip 
• tubular paper • mylar-paper dipped • ce.r.cm1.5.feei_17.-thrqs 0, ceramic d 

ONNECTICUT 

own ty Drive, Great Neck, t.?., New York 
Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada 

WEST COAST MANUFACTURERS CONTACT: 
COLLINS ELECTRONIC SALES, INC, 535 MIDDLEFIELD ROAD, PALO ALTO, CALIFORNIA 
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than selection. The glass-capsule di-

ode is a subminiature type, with a 

maximum series resistance of 3 

ohms, and an average capacitance 

of 30 pf with an inverse voltage of 

4 volts. 

Reed Relay 
TEN CIRCUITS 

UP TO TEN separate switching func-

tions can be remotely controlled 

with small vibrating reed relay. 

Each reed controls one function 

through a tiny secondary relay and 

resistance-capacitance filter. High 

Q (reed bandwidth selectivity) 

makes the switching method prac-

tically interference-free. Reed units 

are available in 30 to 3,000 ohm coil 

Mercury-Wetted Relays 
IN MODULE FORM 

MERCURY-WETTED relays are now 

available in self-contained units, 

ready for mounting on printed cir-

cuit boards in a manner similar to 

resistors, capacitors and other com-

ponents. The switch capsule is pot-

ted in a plated steel enclosure which 

provides both excellent mechanical 

protection and magnetic shielding. 

The new modules are available 

with standard HG switch capsules 

or the sensitive, high-speed HGS 

capsules. Coils are individually 

The diode is manufactured by 

Amperex Electronic Corp., Semicon-

ductor and Special Purpose Tube 

Div., 230 Duffy Ave.. Hicksville, 

L. I., New York. 
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resistances, and impedances from 

30 to 5,000 ohms. Driving voltages 

vary from 14 to 15 y a-c, depending 

on impedance. Reed contacts will 

pass up to 5 ma. Reed frequencies 

to within plus or minus 0.05 per-

cent are available. Price is $22.50, 

from W. S. Deans Co., 8512 Garden-

dale Street, Downey, Calif. 

CIRCLE 305 ON READER SERVICE CARD 

wound to meet customer's specifica-

tions. 

Operating element is a mercury-

wetted relay switch capsule which 

has proved capable of billions of 

maintenance-free operations. 

The relays are available from 

C. P. Clare & Co., 3101 Pratt Blvd., 

Chicago 45, Illinois. 
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Seven Diffused Junction Varactor Diodes 
CUTOFF AT 50 TO 200 Ge 

VARACTOR DIODES—voltage variable 

capacitors—with cutoff frequencies 

ranging from 50 to 200 Gc are avail-

able from RCA Semiconductor and 

Materials Div., Somerville, N. J. 

The diffused junction mesa diodes 

are made from gallium arsenide and 

are hermetically sealed in a metal-

ceramic case that is 90 mils in di-

ameter and 60 mils high. In its 

package the diode has an inductance 

of 0.4 millimicrohenry and a capaci-

tance of 0.4 pf. Temperature range 

of the unit is frqm —196 to 180 C. 

The seven diodes have part num-

bers XVD100 through SVD106, as-

signed according to cutoff fre-

quency. Prices range from $200 to 

$700 at present. 
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Power Transistor 
TO MIL-SPECS 

MOTOROLA SEMICONDUCTOR PROD-

UCTS INC., 5005 E. McDowell Road, 

Phoenix, Ariz. The 2N1358 (Sig. 

C) power transistor is a lugged-

version of th d TO-36 (Doorknob) 

transistor package available to mili-

tary specifications. The unit will 

dissipate 150 w of power, compared 

to the 70 w specified on Mil-Specs. 

It has less than half of the max-

imum thermal resistance called for 

in the specs; 0.05 C/w (0.35 C/w 

typical) vs 1.0 C/w maximmn. It 

is rated for junction operation up 

to 100 C vs the 95 C requirement of 

the military spec. Unit is an 80 w, 

15-ampere power transistor, used in 

applications having heavy power 

demands. 
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Silicon Transistors 
MESA TYPE 

SILICON mesa transistors USN 

2N497, USN 2N498, USN 2N656 

and USN 2N657 meet requirements 

of MIL-T-19500/74. 

The Mil-qualified transistors are 

for general purpose, medium power, 

fast-switching applications. They 

have low input impedance, low col-

lector capacitance (typically 14 pf), 

with operating range from 10 ea to 

500 ma, and 4 watt power dissipa-

tion. (Continued on page 122) 
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THIS IS A BETTER LATCHING RELAY 

Better? Yes, in several ways. Bifurcated Contacts, for ex-

ample, give improved reliability, especially in dry circuits. 

Contacts will not open during vibrations of 30Gs, 55 to 

2500 cps. A special method of sealing cover to base 

eliminates flux contamination of the contacts. And there 

are more. Here is Potter & Brumfield's newest member of a 

distinguished family of micro-miniature relays: the FL Series. 

Expressly designed for printed circuit applications, this 
DPDT, 3 amperes ((n 30V DC) latching relay lies parallel to 
the mounting surface. Its height, when mounted, is only 
.485", thus circuit boards may be stacked closer. Mounting 
can usually be accomplished without studs or brackets, 
simplifying installation. 

The FL will remain firmly latched in either armature position 
without applied power, a significant advantage where power 
is limited and long relay "on" times are required. This relay 
may be operated by: 

1. Pulsing each coil alternately (observing coil polarity), or 

2. Connecting the coils in series and operating from a 
reversing (polarized) source. 

Write for complete information or call your nearest P&B 
representative. 

refiefey 
Sc 11 D SCG 11 DC SL 11 DB 

(Latching) 

FL SERIES SPECIFICATIONS 

Shock: 100 Gs for 11 milliseconds. No contact 
openings. 

Vibration: .195", no contact openings. 10 to 
55 cps. 30 Gs from 55 to 2500 cps. 

Pull-In: 150 milliwatts maximum (standard) at 
25° C. 80 milliwatts maximum (special) 
at 25° C. 

Operate Time: 3 milliseconds maximum at 
nominal voltage at 25° C. 

Transfer Time: 0.5 millisecond maximum at 
nominal voltage at 25° C. 

Temperature Range: —65° C to - 125° C. 

Terminals: Plug-in pins. 

Dimensions: L. 1.100" Max.—W..925" Max 
H..485" Max. Hermetically sealed only. 

SLG 11 DA 
(Latching) 

Other P8.13 micro-miniature relays include conventional and latching models in crystal cases with a wide 

range of terminals and mountings. All are made in a near-surgically clean production area under the' 
exacting requirements of our Intensified Control and Reliability program. 

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

YOUR BEST SINGLE SOURCE FOR ALL MICRO-MINIATURE RELAYS 

SPOTTER G BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON, INDIANA 

IN CANADA: POTTER &BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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ENGINEERING 

ON BENDIX COMPONENTS 

HOW MUCH CAN BENDIX SAVE 
YOU IN ANTENNA PEDESTALS? 
GET OUR SPECIFIC ENGINEERING PROPOSAL 

Bendix experience in ground radar pedestal design, manufacture and 
installation can benefit you. It can meet your requirements without 
delay. Since basic design and tooling have already been accomplished, 
modifications, for your prototype needs, can be made quickly—and 
with important savings—or, we can design a completely new pedestal 
to meet your specific needs. 

Bendix ground-installation radar pedestals are lightweight, com-
pact, air transportable. They possess a high degree of accuracy, and 
have been completely proved in the field. Bendix also is widely 
experienced in airborne radar systems for weather and target track-
ing purposes. 

If these demonstrated radar capabilities meet your needs, write 
today for further information, including a specific engineering 
proposal. What are your requirements? 

EXAMPLES OF APPLICATIONS: 
Weather Radar • Storm Detection • Meteorological Tracking• Mortar Tracking 
• Electronic Countermeasure • Satellite Tracking • Drone Surveillance 

• Telemetering 

Eclipse -Pioneer Division 
Teterboro, N. J. 

made 
CORPORATION 

District Offices. Burbank, and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D.C. 
Export Sales 8. Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 

The transistors are in the JEDEC 
TO-5 outline welded package. The 
corrosion-resistant, solid nickel can 
provides a good thermal surface for 
attachment of heat sinks. The leads 
are gold plated for easy soldering. 

All units are tested per Mark 
XII, master test specification for 
high reliability silicon transistors. 
They are stabilized before testing 
by 300 C storage for 7_2 hours and 
by three temperature cycles from 
—65 C to +200 C. 
The units are manufactured by 

Rheem Semiconductor Corp., 350 
Ellis St., Mountain View, Calif. 
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Multiple Counters 
UP TO EIGHT DECADES 

ROBOTOMICS CORP., 2422 E. Indian 
School, Phoenix, Ariz. New minia-
ture series F multiple decade count-
ers are suitable for a wide range of 
control-display applications. Up to 
eight decades each with 1 in. high 
in-plane display on 1.¡ in. centers 
are available as complete unit for 
front panel mounting. Operating 
frequency exceeds 200 Kc at less 
than 2 w per transistorized decade, 
with electrical reset, and optional 
10 line coincidence or 1-2-4-8 binary 
output. 
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Control Synehros 
HIGH ACCURACY 

VERNITRON CORP., 123 Old Country 
Road, Carle Place, L. I., N. Y. High 
accuracy and stability over the 
temperature range from —55C to 
+125C, and availability in two 
types of terminal blocks are among 
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the features of the Vernitron size 8 

control synchros. Maximum elec-

trical errors of ±5, -±-7 and ±-10 

minutes can be specified for all 

synchros with 11.8 y input, as well 

as synchro transmitters with 115 

input and 11.Sy output. 
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Four Point Probe 
HIGHLY ACCURATE 

DEVICE DEVELOPMENT, 4814 E. Vir-

ginia, Phoenix, Ariz. The Micro-

probe is a highly accurate constant 

tension four-point probe for resis-

tivity measurements on semicon-

ductor slices. Probe spacing is ad-

justable within a 0.040 in. range 

and is factory preset to ±0.0002 

in. Probe tips are rhodium plated 

hard chrome steel. The device uti-

lizes a four-way electrical plug to 

connect to a-c or d-c resistivity test 

set. Price: $600. 
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H-V Power Supplies 
SOLID STATE 

SMITH-FLORENCE, INC., 4228-23rd 

West, Seattle 99, Wash., announces 

miniature solid state h-v power 

supplies. Two series are available. 

From a 12 to 28 y d-c input, out-

puts from 400 y d-c to 2,000 IT d-c 

at 20ga are provided. The second 

series furnishes a 28 or 12 y d-c 

output at 100 ma from a 117 y a-c 

source. Dimensions are 1g in. by 

1g in. by 2g in. All power supplies 

are equipped with a standard octal 

plug for simplified mounting. Reg-

ulation is 1 percent no load to full 

load and maximum voltage shift is 

-±-1 percent from 0 to 55 C. Prices 

range from $90 to $145 with 30 day 

delivery. 
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Hard-Glass Resistor 
HERMETICALLY SEALED 

TEXAS INSTRUMENTS INC., P. 0. Box 

312, Dallas 21, Texas. Hermetic-

ally-sealed hard-glass carbon film 

resistors provide a wattage rating 

double the MIL specs for the same 

size package. They have high re-

sistance to thermal shock. Type 

CG I resistors cannot suffer case 

damage from lead tension as these 

loads are transmitted directly to the 

ceramic core. The glass case is 

sealed to the end caps of the core, 

and does not touch the leads. 
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SSB Receiver 
FOR A-M BROADCAST USE 

KAHN RESEARCH LABORATORIES, INC., 

81 South Bergen Place, Freeport, 

L. I., N. Y. Fixed tuned model 

RSSB-59-1A single-sideband re-

ceiver is for a-m broadcast use. 

Applications include off-the-air re-

lay broadcasts, high quality moni-

toring in difficult reception areas 

and Conelrad. Minimum selective 

fading distortion, improved signal-

to-noise and greatly reduced adja-

cent channel interference are ad-

vantages offered over conventional 

a-m reception. Choice of product 

detection, utilizing local or recondi-

tioned carrier insertion for mini-

mum selective fading distortion or 
diode detection is provided to suit 

local conditions. Fully transis-

ENGINEERING 

O IL 
OTHER BEZX COMPONENT PACKAGES 

PRECISION DATA AND 
CONTROL SYSTEMS FOR 
LARGE RADAR ANTENNAS 

Through intensive research and 
development for major programs, 
Bendix offers a wealth of design 
experience in both digital and 
analog radar control and data 
systems. We can: 

1 
2 

Develop complete systems or 
subsystems to comply with 
any customer requirement. 

Provide a wide range of instal-
lation options, i.e.: one 
antenna or a battery; control 
of one radar by another; 
digital or analog control. Sys-
tems with accuracies of .005° 
or better can be offered. 

Manufacturers of 

GYROS • ROTATING COMPONENTS 

RADAR DEVICES • INSTRUMENTATION 

PACKAGED COMPONENTS 

Eclipse-Pioneer Division 

c PO R AT I 0 N 
Teterboro, N. J. 
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THIS "BABY" 
CAN REALLY 

TAKE IT! 

specifies Hill signal generators 

for use in the AR-200 magnetic tape 

recorder because of their high relia-

bility under extreme environmental 

conditions. The compact Hill units 

generate a precision 60-cycle fre-

quency which is power amplified to 

operate the recorder's capstan drive 

motor. While paralleling the qualities 

of advanced laboratory recorders, the 

sturdy Ampex AR-200 will withstand 

shock up to 15 G's, operate at altitudes 

of 100,000 feet, function under ex-

cessive temperature changes and in 

up to 100% humidity. It displaces 

only 1.6 cubic feet. 

BULLETIN FS 17900 

fully describes Hill's Signal Generator used 

in this application. Write for your copy. 

Hill Electronics manufactures precision, 

crystal controlled frequency sources, filters 

and other crystal devices for operation un-

der all types and combinations of conditions. 

HILL ELECTRONICS, INC. 
MECHANICSBURG, PENNSYLVANIA 

torized, the unit permits upper or 
lower sideband reception and oper-
ates on 110 y a-c or self-contained 
automatic emergency d-c supply. 

CIRCLE 319 ON READER SERVICE CARD 

Coax Atte,nuators 
BIDIRECTIONAL 

MAURY & ASSOCIATES, 10373 Mills 
Ave., Montclair, Calif. Series AL 
microwave coaxial attenuators are 
of the lossy line type for use in the 
1,000 to 4,000 Mc range. They are 

also useful up to 10,000 Mc. Units 
are bidirectional, stable and feature 
low vswr and accuracy of attenua-
tion. They are useful in applica-
tions requiring fixed accurately 
known attenuation, isolation be-
tween components in a microwave 
system and in the extension of the 
ranges of power meters. 

CIRCLE 320 ON READER SERVICE CARD 

Inverters 
HIGHLY REGULATED 

VICTORY ELECTRONICS, INC., West-

bury, N. Y. A line of 400-cycle, 
transistorized inverters, each con-
trolled by the same interchangeable 
regulator, make it possible to in-
crease power output from 25 to 50 
or 100 volt-amperes without replac-
ing the entire installation. The Vic-
tory Varia-Verter was designed to 
provide sources of 400-cycle current 
for testing and operation of air-
craft and missile oomponents. Of-
fered in three models-25, 50 and 
100 v-a—the user need purchase 
only the modal adequate for his 
present needs. Later, as output re-
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quirements increase, the old regu-
lator is easily connected to a new 
and larger unit. Features include: 
encapsulated transformers; isolated 
inputs and outputs; aluminum con-
struction; semiconductor design, 
and regulation within ± 1 percent 
into either resistive or inductive 
loads. 
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Power Supplies 
MODULAR TYPE 

INVAR ELECTRONICS CORP., 323 W. 
Washington Blvd., Pasadena, Calif., 
has available a complete line of 45 
fully-transistorized, closely-regu-
lated, d-e power supply modules. 
Units are manufactured in 9 voltage 
ranges from 1 to 37 v, and in 5 
power ranges, from 0.7 to 15 amp. 
All models offer 15 mv maximum 
line and load regulation, 2 mv maxi-
mum ripple, and complete overload 
and short-circuit protection. The 
modules can be operated in series or 
parallel without modification, and 
terminals are provided for remote 
sensing. These units are rated for 
operation to 50 C and are con-
structed for use as integral modules 
or for mounting directly on 51 in. 
panels. 
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Circuit Breakers 
GANG ASSEMBLIES 

AIRPAX ELECTRONICS INC., Cam-

bridge, Md. To protect three-phase 

inter-industry conference on 

ORGANIC 
SEMICONDUCTORS 

April 18 and 19, 1961 
The Morrison Hotel, Chicago, Illinois 

co-sponsored by 

ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technolog) 

and electronics 

a McGraw-Hill publication 

Technical sessions of invited and contributed papers on the 
present state and future potential of organic semiconductors 
in the electronics, chemical, and semiconductor industries. 

Invited papers will cover the following areas: 

David Fox, State University of New York 
Theoretical Aspects of Electrical Transport 

R. G. Kepler, E. I. DuPont de Nemours and Company 
Conductivity in Anthracene Single Crystals 

Jan Kornmandur, National Carbon Research Laboratories 
Characteristics of Charge-Transfer Complexes 

Oliver Le Blanc, General Electric Research Laboratories 
Interpretation of Conductivity in Molecular Crystals 

Herbert A. Pohl, Princeton University 
Electrical Properties of Pyrolyzed Polymers 

Marvin Silver, Officé of Ordnance Research 
Surfaces and Contacts in Organic Semiconductors 

For further information contact James J. Brophy, Co-Chair-

man, Physics Division, Armour Research Foundation, Tech-
nology Center, Chicago 16, Illinois. 
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jJ/Øffl7y OF 111E tatIP! 
NEXT QUESTION 

11011 DOES IT PERFORM? 
The RADAR QUANTIZER Provides Answers 

By utilizing the RADAR QUANTIZERCO, 

the Army Ordnance Corps can 

track the Pershing missile in flight with a 

position plot resolution of ±2',/2 feet — a 

resolution heretofore impossible. The 

Quantizer, developed under contract of the 

Army's Diamond Ordnance Fuze Laboratories, 
is a millimicrosecond time interval meter. 

It converts the radar electrical signals 

into digital code format and feeds a storage 

tape, as  fast as the dynamic data occurs. 

As a result, engineers can follow the 

missile's exact flight path on the ground with 

the aid of digital computing equipment — 

making optimum use of the radar equipment's 

full capability, down to the Quantizer's 

instantaneous resolution of -±10 

millimicroseconds! 

If you have data processing requirements 

where it is desirable to measure time intervals 

down to ten millimicroseconds or less, 

and read the result out in digital format 
while the data occurs, contact Computer 

Equipment Corp. for full details on how the 

QUANTIZER can be applied to your system. 

Computer Equipment Corp. 
11612 W. OLYMPIC BLVD., LOS ANGELES 64, CALIF. 

GRANITE 8-0464 TWX WLA 6650 

and two-phase systems, electromag-
netic circuit breakers are now avail-
able in gang assemblies. Series 600 
and series 700 explosion proof 
breakers provide maximum protec-
tion in these critical applications. 
Units are hermetically sealed, with-
stand 50 g shock and operate from 
—55 C to +100 C. All types have 
either a slow or fast time delay 
action. Instantaneous acting units 
can also be supplied for these gang 
assemblies. Continuous duty ratings 
from 50 ma to 15 amp. Contacts 
are rated for 50 d-c volts or 120 rms 
volts at 60 or 400 cps. Operational 
life is at least 10,000 operations, at 
rated current. 
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Tape Recorder 
& PLAYBACK UNIT 

ELECTRO-TECHNICAL LABS, a divi-
sion of Mandrel Industries, P. 0. 
Box 13243, Houston 19, Texas. 
Model D7-7 is a lightweight, direct-
recording, magnetic tape recorder 
and playback unit completely self-
contained. Static and/or dynamic 
time correction can be introduced on 
playback. Reliable operation under 
all field and office conditions is pro-
vided by the simplified plane-surface 
head carriage system. A 12-v bat-
tery supplies all required power. 
The DS-7 may be successfully in-
tegrated into existing seismic equip-
ment. Electro-Tech's M4E amplifier 
has been specifically designed to 
match the DS-7 transport. 
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Cathode Follower 
PORTABLE, COMPACT 

UNITED AEROTRONICS CORP., Bur-
lington, N. J. A compact cathode 
follower, which includes a self-
contained regulated power supply, 
is announced. Portable unit meas-
ures 104 in. by 54 in. by 2Ï in. and 
may be mounted in model 306 rack, 
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six to the rack. It weighs approxi-
mately 9 lb. Input impedance is in 
excess of 1,000 megohms. Fre-
quency response is 1 cps to 500 Kc 
±-1 percent. Gain is 0.98. Noise 
level less than 20 y 10 y. Built-in 
test signal. 
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Delay Line 
SONIC TYPE 

CONTROL ELECTRONICS CO., INC., 10 
Stepar Place, Huntington Station, 
L.I., N.Y. Model FA-573 sonic delay 
line features excellent phase and 
attenuation characteristics as well 
as an extremely long delay of 0.1 
sec. It has an attenuation of 20 
db at 300 cycles and impedance of 
1 K ohm. Featuring multiple taps 
every 1 millisecond, it has 100 taps 
with tap accuracy of better than 
0.5 percent. Additional taps can be 
supplied upon request. Cut-off 
frequency is at 400 cycles and phase 
linearity is better than 0.75 per-
cent up to 300 cycles. This delay 
line, which has geological auto-
correlation applications, can be 
cascaded with some sacrifice in 
bandwidth and attenuation. 
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Satellite Wires 
RESIST RADIATION 

BOSTON INSULATED WIRE & CABLE co., 
25 Bay St., Boston 25, Mass., has de-
veloped two miniature versions of 
its 1000 F Super Jet instrument 
wire especially for satellite use. 
Both are highly radiation resistant. 
Style 1, shown above, is for use in 
sealed capsules. Style 2, below, with-
stands an environmental dielectric 
test of 1,500 y after 90 days immer-
sion in tap water, indicating pre-

KITS AND WIRED 

STEREO 

AND MONO 

HIGH FIDELITY 

"CST INSTRUMENTS 

NAM EDLRFIMENT 

t-irnZENS TRANSCEIVERS 

A 
t ABORATORY PRECISIO1 A •: 

Send for 

New 19 61 
EICO Electronics Catalog 
EICO, 3300 N. Blvd., L.I.C. 1, N. Y. E-1A 
El Send free 32-page catalog & dealer's name 
ID Send new 36-page Guidebook to HI-FI for 

which I enclose 25¢ for postage & handling  
Name   
Address   
City  Zone State   

3300N. Blvd., L.I.C. 1, N.Y. 5EICOL7- ...praised by the experts 
as BEST BUYS IN ELECTRONICS 
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MICO 
NEW HEAVY 

DUTY 2 & 3 

DIMENSIONAL 

ENGRAVER 

14, 

Precision 
Apparatus 

FOR 
Engraving 

Nameplates 
Fine Routing Work 
Profiling Small 

Objects 
Making Small Dies 

and Molds 

UHF COAXIAL 
WAVEMETERS 

2-75 
Centimefer 

Range 
Send for Illustrated Catalogs 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge 38, Mass. 
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Electromechanical 
Components and Systems 

Capability 

Al RESEARCH 
MOTORS OPERATIONAL 
-425° TO +600°F 

Specialized aircraft motors developed 
by AiResearch operate at temperatures 
from —425° to +600° F. ambient. The 
range of this compact, lightweight, 
H.P. motor is — 65° to +600° F. 

AiResearch diversification and expe-
rience provide full capability in the 
development and production of elec. 
tromechanical equipment and avionic 
controls for aircraft, ground handling, 
ordnance and missile systems. 

A.C. and D.C. Motors, Generators and 
Controls • Inverters • Alternators • 
Linear and Rotary Actuators • Power 
Servos • Hoists • Electrical Pyrotech-
nics • Antenna Positioners • Position-
ing Controls • Temperature Controls • 
Sensors • Williamsgrip Connectors • 

Static Converters. 

lour inquiries are incited. 

THE CORPORATION 

Pesearcn Manufacturing Division 
Los Angeles 45, California 
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Another 
reliable 
GENERAL 
MAGNETICS 
"MAC MOD" 
Miniature 

r( 

Continuous Accuracy 
within +- 5% of Theo 
retical Product over 
the entire Ambient 
Temperature Range 

NEW MAGNETIC 

MODULATOR 
Specifically designed to deliver an analog output 
voltage which is the continuous product of two 
variable input voltages. One of these is an excita-
tion voltage which varies over a pre-determined 
range; in this case, 0 to 1 VRMS 400 cycles per 
second. The other signal is a DC current which 
varies between 0 and ± 400 µa. The output volt-
age is 400 cycles AC, and is always in phase or 
180° out of phase with the variable excitation or 
fixed reference, i.e., in phase when the variable 
amplitude DC signal is positive, and 180° out of 
phase when the DC signal is negative. 

TYPE MCM 515-1 SHOWN ACTUAL SIZE. COMPLETELY RUGGEDIZED, 
VIRTUALLY SHOCK AND VIBRATION PROOF. WEIGHS ONLY ONE OZ. 

THERE IS NO SUBSTITUTE FOR RELIABILITY! 
Specify "MAG MOD" miniature 
components for infinite life, faster 
response time, negligible hyster-
esis and extreme stability. Call 
or write for new Brochure 102 on 
"MAG MOD" Miniaturized Mag-
netic Modulators and Magnetic 
Multiplying Modulators. 

General Magnetics • Inc 
GM 135 BLOOMFIELD AVENUE 

BLOOM FIELD, NEW JERSEY 
Telephone: Pilgrim 8-2400 
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GUDELACE 

TAKES THE 

SLIPS 

OUT OF 

LACING 

Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 
one end. Gudelace's flat, nonskid surface grips the pencil—no need for an extra finger 
to hold Gudelace in place while the knot is tied! 

Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that's real economy. Gudelace is the original flat lacing tape. It's 
engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 

made of sturdy nylon mesh, combined with special microcrystalline wax, for out-

standing strength, toughness, and stability. 

Write for a free sample and test it yourself. See how Gudelace takes the slips—and 

the problems—out of lacing. 

GUDEBROD 
Electronic Division 

225 West 34th Street 

New York 1, N.Y. 

• 

BROS. SILK CO., INC. 

Executive Offices 

• 12 South 12th Street 

Philadelphia 7, Pa. 

launching stability. These new 
wires are offered in sizes 24 through 
16 Awg. 
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Signal Generator 
MILLIMETER RANGE 

STRAND LABS, INC., 294 Centre St., 
Newton 58, Mass. Model 100 sta-
bilized signal generator has three 
performance characteristics: fre-
quency range, 32,000 Mc to 37,500 
Mc (KA-band) ; frequency sta-
bility, short term-0.01 part per 
million; long term—I part per mil-
lion; average power output, 15 mw. 
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Lab Magnet Systems 
FLEXIBLE ASSEMBLIES 

MHD RESEARCH, INC., 1571 Placentia 
Ave., Newport Beach, Calif. New 
general purpose laboratory mag-
net systems are ideal for a variety 
of applications. Individually ad-
justable and replaceable poles and 
pole faces allow maximum varia-
tion of the magnetic field config-
uration. Coupled with the con-
tinuously variable output power 
supply, these magnet systems pro-
vide a most flexible basic research 
tool. Copper-wound coils are in-
sulated with class B materials and 
are calculated for continuous duty 
without additional cooling. 
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Ceramic Tubulars 
ULTRAMINIATURE 

ELECT1RAMICS CORP., P. 0. Box 275, 
Solana Beach, Calif., offers an im-
proved line of ultraminiature Ce-
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ramin ceramic tubular capacitors. 
New ceramic formulation offers a 
lower dissipation factor. A choice 
of temperature coefficient curves is 
provided by the use of elements 
with dielectric constants of either 
1,200 or 1,600. Improved encap-
sulation and lead attachments proc-
esses enable immersion of the entire 
capacitor in molten solder. Both 
1200K and 1600K capacitors are 
available in capacitance tolerances 
of -±-5 percent or 10 percent (closer 
tolerances on special order), and in 
the same dimensions: 0.098 in. di-
ameter (0.125 in. in the larger val-
ues), 0.250 in. in length, with axial 
leads. 
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Panoramic Receiver 
LOW FREQUENCY 

MOTOROLA INC., 8201 E. McDowell 
Road, Scottsdale, Ariz., announces 
a new 1-f panoramic field intensity 
receiver. The extremely accurate 
precision unit continuously mon-
itors 1-f radiation from 0.05 Kc 
to 100 Kc, operates unattended, and 
automatically produces panoramic 
photographic records. Designated 
the AN/URM-126, applications in-
clude the precision measurement, 
display and recording of the in-
tensities of noise and both modu-
lated and unmodulated c-w signals. 
It meets specification MIL-E-16400. 
Unit exhibits very high resolution, 
stability, and accuracy, and re-
ceives and defines signals separated 
by only 15 cps. 
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I-F Amplifiers 
LOGARITHMIC 

THE W. L. MAXSON CORP., 475 Tenth 
Ave., New York 18, N.Y. Types 
LIFV-30, 60, 90, are small rug-

Engineers! Designers! 

THERE IS NO SUBSTITUTE 

FOR RELIABILITY! 

Specify — 
PERFORMANCE 

PROVEN "MAG MOD" 

MAGNETIC 

MODULATORS 
Actual 

Size 

For complete 
specifications and 

application data on "Mag Mod" 
Miniature and Standard 

Components, call or write. 

FOR 

FREE 

REPRINT 
OF THE 

MONTH 
TURN TO 

READER 
SERVICE 
CARD 

Miniaturized design permits 
engineers to employ these 
new components in transis-

torized printed circuit as-
semblies and wafer type 
structures. All models offer 
maximum reliability, fully 
ruggedized construction and 
conform to MIL-T-27A speci-

fications. 

• COMPLETE RELIABILITY 
• INFINITE LIFE 
• FASTER RESPONSE TIME 
• NEGLIGIBLE HYSTERESIS 
• EXTREME STABILITY 
(Ambient Temp. Range 
from —75 to +135 C) 

• COMPACT SIZE 
• LIGHTWEIGHT 

Typical circuit applications 
for Magnetic Modulators are 
algebraic addition, subtrac-
tion, multiplying, raising to a 
power, controlling amplifier 

gains, mechanical chopper 
replacement in DC to funda-
mental frequency conver-
sion, filtering and low signal 
level amplification. 

GENERAL 
MAGNETICS • INC 
135 BLOOMFIELD AVENUE 
BLOOMFIELD, NEW JERSEY 

Telephone: Pilgrim 8-2100 
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BETTER THAN 
AN EXTRA HAND 

Protects your tubes and components 
from damage by sagging cable. 

—eliminates the old bugaboo of 
cable entanglement which damages 
tubes and components in lower chassis 
each time the one above is withdrawn 
for service and returned to position. 

Our new Cable Retractor's double action 
maintains constant tension and correct sus-
pension of cable at all times—permits ample 
cable length for full extension and tilting of 
chassis without hazard of snagging. 

For use with all types of chassis or drawer 
slides, adjustable to fit varying chassis 
lengths, simple to install, inexpensive, proven 
thoroughly reliable in operation. 

Mounts on rear support rails on standard 
13/4 " hole increments. Cadmium plated CRS. 

Write for Bulletin CR-100D 
ORegon 8-7827 

WESTERN DEVICES, INC. 
600 W. FLORENCE AVE, INGLEWOOD 1, CALIF. 

January 13, 1961 CIRCLE 129 ON READER SERVICE CARD 129 



For that 

NEW IDEA 
visit the 

IRE SHOW 
March 20-23, 1961 New York 

Coliseum and Waldorf-Astoria Hotel 
Members $1.00, Non-members $3.00 Age limit—over 18 
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BRESSLER ASSOCIA TES 
is pleased to announce its appointment 

as sales engineering representative for 

BURNELL & CO., Inc. 
pioneers in the development and manufacture of toroids, 

filters, delay lines and associated networks. 

for greater Metropolitan New York and Northern New Jersey 

Other Bressler Associates O.E.M. lines include: James Electronics, Inc.—Magnetic 
Di vi sion—Metal Textile Division, General Cable Corp.—Syntronic Instruments Inc. 

Shield 

gedized i-f amplifiers at center fre-
quencies of 30, 60 and 90 Mc with 
logarithmic responses, possessing 
the combined features of low noise 
figure, large dynamic range, and 
high gain. Special input trimmer 
control permits standard units to 
be matched to a large number of 
different crystal capacity outputs. 
Units are used as moving target 
indication systems, as monopulse 
receivers and amplitude compari-
sion systems where amplitude 
match is required over a large dy-
namic range of operation. 
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D-C Power Supply 
TRANSIENT-FREE 

PERKIN ELECTRONICS CORP., El Se-
gundo, Calif. Rated 0-36 y at 5 am-
peres, model MTR036-5A regulated 
d-c power supply eliminates tran-
sistor-ruining transients. It is ex-
cellent for laboratory testing of 
transistorized loads, since it utilizes 
a specially designed dynamic regu-
lation circuit with instantaneously 
reacting transistors. Reliable mag-
netic amplifiers provide static regu-
lation. Specifications include 15 my 
dynamic line regulation, 2 my max-
imum rms ripple, and 50 million 
maximum dynamic impedance. 
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Inertia Switch 
MINIATURIZED 

INERTIA SWITCH, INC., 311 W. 43rd 
St., New York 36, N. Y. Model 
6U0-200 Milli-Mite inertia switch 
is accurately preset to respond to 
acceleration forces up to 250 g 
within a tolerance of -±15 percent 
of setting. It is designed with only 
one moving part, a precision-
ground steel ball held against a 
solid base by a uniform magnetic 
field. When the opposing force of 
acceleration exceeds the magnetic 
force, the ball moves to close a nor-
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mally open electrical contact. The 
switch meets all environmental 
specifications of MIL-E-5272, in-
cluding an operation range of —65 
F to +200 F. 
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Polarographic Analyzer 
HIGHLY FLEXIBLE 

NESCO INSTRUMENTS, INC., 638 W. 
17th St., Costa Mesa, Calif., an-
nounces a polarographic analyzer 
priced at $795. Twenty-three cur-
rent ranges are supplied, from 0.5 
to 300 µa full scale. There are 10 
polarizing ranges, from ± 11 to 
— 5 v. Accuracy of the unit is -1 
percent current and voltage; re-
peatability is 1 percent. The re-
corder has a chart width of 5 in., 
and a chart speed of 1 in. per 
minute. Bridge drive is synchro-
nous, with a rotation time of 10 
minutes. Damping and suppression 
controls are mounted on the panel. 
Standardization is manual, against 
an internal cell. 
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Panel Indicator Light 
WITH BLACK SHROUD 

THE SLOAN CO., 7704 San Fernando 
Road, Sun Valley, Calif., announces 
a shrouded panel indicator light, 
model 855S-DS. It features a black 
shroud which excludes light emis-
sion from the sides. Ideal for com-
puter applications, instruments, 
panels, etc., requiring a prestige 
appearance. Mounts in I in. diam-
eter hole. 
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here is your answer! 
Puzzled about how to pack reliability 

and producibility into a high density 

module? Take a clue from Engineered 

Electronics Co., Litton Industries, Sippi-

can Corp., and Space Technology Labs 

(1 to r above). Weld it! These companies 

and many other leaders have already 

discovered that Weldmatic precision 

electronic welding equipment makes 

component packaging a pleasure. Why 

don't you see for yourself? 

WELDMATIC DIVISION / UNITEK 

950 Royal Oaks Drive, Monrovia, California 
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A 32-page digest of the 
industry's most complète 
lines of single-turn and 
multi-turn precision pots! 

With new sections on A-C 
. . Non-linear .. Liquid-
filled and Helitrim® trim-
ming potentiometers. As 
well as turns-counting dials 
and delay lines! 

Complete technical data, 
including environmental 
specs and outline drawings, 
is at your fingertips. And 
it's all arranged in a fast-
reading format that makes 
pot picking easier. 

Just ask for it. 

Beckman 
Helipot 

POTS : MOTORS METERS 

Helipot Division of 

Beckman Instruments, Inc. 

Fullerton, California 

0 1961 ELIA. 61101 1 

P-101-1/4 

S-101 

/cleat ier, 
ANTENNA CONNECTIONS 

PHOTO-CELL WORK 

MICROPHONE CONNECTIONS 

etIONES 
SHIELDED TYPE 

PLUGS Fic SOCKETS 
LOW LOSS PLUGS AND 
SOCKETS FOR HIGH 

FREQUENCY 
CONNECTIONS. 

SUPPLIED IN 1 AND 2 
CONTACT TYPES: 

101 Series can be fur-
nished with 1/4 , .290", 
5/16", 3/0" or 1/2" fer-
rule or cable entrance. 
Knurled nut securely 
fastens unit together. 
Plugs have ceramic in-
sulation and sockets 
have bakelite. Quality 
construction. Fine fin-
ish. Assembly meets 
Navy specifications. 
For full details and en-
gineering data ask for 
Jones Catalog 

No. CS-22 

JONES MEANS 
Proven Quality 

HOWARD B. Jo NES DiviSt ON 
CINCH MANUFACTURING CONEANY 

CHICAGO 24. ILLINOIS 
DIVISION OF UNITED.CARR FASTENER CORP. 
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PRECI 
Ultimate Reliability: 

Immediate 
Deliyerability: 

Largest Selection: 

RESISTORS 
FIXED • ADJUSTABLE 

SION • ULTRA-PRECISION 
Unparalleled no re-
jects" record since 1953 
.01% resistors are made 
to order in 24 hours. 
Hundreds of standard 
types and models. 

PRODUCTS 
Rotohmeters*: Minute. 
Ultra-Precision User 
Adjusted Resistors 

Plug-Trims' Plug-in Re-
sistors and Socket Blocks 
for Divider. Decade or 
Trimmer Assemblies 

Instruments: 
.0002% Voltage Dividers 
.01% Wheatstone Bridges 
01% Resistance Decades 

Banana-Plugs Resistors*: 
Axial, Radial, & One Sided 
Types, Also Jacks 

R-Stacks: Multi-Tap, 
Fixed and Adjustable 
Resistors and Dividers 
berms -zuu•s-: btanaarci 
design Lug and Wire Lead 
Resistors 
'Patents Applied For 

For abbreviated performance data see specs 
below or EEM, 1960 edition, page 1263. 

GENERAL RESISTOR SPECIFICATIONS 
Type: Wire-wound, also carbon 

and metal film. 
Range: .01 ohms thru 20 

Megohms 
thru .005% (at 25°C) 

thru .001% 
thru .001% 
thru 2 ppmrC. 
thru 3 watts at 125° V. 

MIL-R-93A and 
MIL-R-9444 
(applicable sections) 
4 weeks regular, 1 week 
thru 24 hours—Special 

CRCA 
iff - s .BULLETIN # 

R-65 

Faffl R-55 

R-50 

11g 
R-44 

•113)012: R-40 

- • 

Absolute accuracy: 
Relative accuracy: 
Long term stability: 
Temp. coefficient: 
Power dissipation: 
MIL Specs: 

DELIVERY: 

f?,4 R-28 

CONSOLIDATED RESISTANCE COMPANY 
OF AMERICA, INC. 

44 Prospect St., Yonkers, N.Y. YO 3-5900 

Literature 
of the Week 

POWER SUPPLY MODULE 
Valor Instruments, Inc., 13214 
Crenshaw, Gardena, Calif. Bulletin 
PS1160 describes a series of mini-
aturized plug-in power supply mod-
ules ideal for use as components to 
supply d-c voltage of extremely 
high regulation. 
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SERVO AMPLIFIER'S Magnetic 
Amplifiers Division of The Siegler 
Corp., 632 Tinton Ave., New York 
55, N.Y., has available a 16-page 
catalog comprising the major prod-
ucts of its servo amplifier line for 
both military and industrial appli-
cations. 
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INSTRUMENT TRANSFORM-
ERS James Electronics Inc., 4050 
N. Rockwell St., Chicago 18, Ill., 
announces a data sheet covering the 
series 7100 electrostatically and 
magnetically shielded instrument 
transformers for chopper, a-c 
transducer and differential input. 
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MULTIPLEXING SYSTEM 
Lynch Communication Systems 
Inc., 695 Bryant St., San Francisco 
7, Calif. An 8-page brochure covers 
the B-910 multiplexing equipment 
that functions to channel as many 
as 600 separate conversations or 
other types of information. 
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ELECTRON TUBE SHIELDS 
International Electronic Research 
Corp., 135 W. Magnolia Blvd., Bur-
bank, Calif. A 22-page bound cata-
log covers heat-dissipating tube 
shield components for subminiature 
size electron tubes. 
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TINY LIGHT BULB Kay Elec-
tric Co., Maple Ave., Pine Brook, 
N.J., has published a bulletin de-
scribing the Pinlite, a low voltage, 
low current, microminiature incan-
descent lamp. 
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SERVO MOTORS Helipot Divi-
sion of Beckman Instruments, Inc., 
2500 Fullerton Road, Fullerton, 
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Calif., has published a catalog 
showing new models and up-dated 
specs on size 8 and size 11 servo 

motors. 
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STATIC POWER CONVERSION 
Hamilton Standard, division of 
United Aircraft Corp., Broad 
Brook, Conn., offers a guide book-
let to provide a better understand-
ing to those who will be using static 
inverters and other static power 
conversion equipment. 
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COMPLETE CLEAN ROOMS 
Controlled Environment, Inc., 52 
Pickering St., Needham 92, Mass. 
A 4-page folder discusses an inte-
grated program for providing con-
trolled environments where prod-
ucts involving critical precision are 
assembled, packaged, and tested. 
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POTENTIOMETERS Lockheed 
Electronics Co., 6201 E. Randolph 
St.,. Los Angeles 22, Calif. A bro-
chure on precision potentiometers 
contains 6 product data sheets de-
scribing a series of wire wound 
multi- and single-turn pots. 
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TRANSISTOR TESTER Mag-
netic Research Corp., 3160 W. El 
Segundo Blvd., Hawthorne, Calif. 
Engineering data concerning basic 
test parameters for silicon or ger-
manium npn and pnp transistors, 
and specifications of the model T-
340 transistor tester have been 
published. 
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PRESS LOAD MEASUREMENT 
Niagara Machine & Tool Works, 
683 Northland Ave., Buffalo 11, 
N.Y. Two electronic precision in-
struments designed to safeguard 
dies and presses during production 
runs are described and illustrated 
in a new product report. 
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X-Y PLOTTING BOARDS Com-
puter Systems, Inc., Culver Road, 
Monmouth Junction, N.J. Form 
80-392 is a 5-page technical data 
sheet describing transistorized X-Y 
plotting board, both single and dual 
arm, with electroluminescent panels 
for backlighting. 
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TRANSISTORIZED DC POWER FOR FAIL/SAFE OPERATION 

Exclusive 

011% 

a e 411, iml 
Prevents damage to power supply load under any conditions. Unique 
electronic circuitry monitors output voltage at all times and reduces 

output voltage and current to nominal zero if output attempts to rise 

above operating voltage. Of course turn-on and turn-off transients are 

also eliminated. 

OVERVOLTAGE PROTECTION: Voltage ex-
cursion above operating voltage in case 
of internal fault condition is less than 
5% or 1 1/2 volts for less than 5 milli-
seconds. 

TURN-ON OFF TRANSIENT ELIMINATION: 
Transient less than 1% or 1/2 volt for 
less than 5 milliseconds. 

DC OUTPUT PANEL 
MODEL HEIGHT 

VOLTS AMPS (in inches) 

S36-2.5 0-36 0-2.5 31/2 
S36-5 0-36 0-5 51/4 
S36-10 0-36 0-10 7 
S36-15 0-36 0-15 7 
S60-2.5 0-60 0-2.5 51/4 
S60-5 0-60 0-5 7 
S60-10 0-60 0-10 101/2 
S72-15 0-72 0-15 14 

S300-200 110-325 .0-0.2 31/2 
S300-400 110-325 0-0.4 31/2 
S300-800 110-325 0-0.8 3y2 
S300-1500 110-325 0-1.5 51/4 

T50- 750 0-50 0-0.7 5 Bench 
T20-2 0-20 0-2 Supply 

T50-1.5 0-50 0-1.5 

TRYGO N„, Pleasant Ave. Roosevelt, L. I., N. Y. FReeport 8-2800 

REGULATION RIPPLE 
RMS 

LOAD LINE (maxi 

0.01% 0.01% 1 mv 

0.02% 

0.05% 

0.02% 

0.05% 

ELECTRONICS, INC. 

3 mv 

.5 mv 
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PEOPLE AND PLANTS 

STL Plans Mammoth Space Center 

LIEUTENANT GENERAL James H. 
Doolitle, USAF (Ret.), chairman 
of the board of Space Technology 
Laboratories, Inc., and Louis G. 
Dunn, president, announce the 
company soon will start construc-
tion at Redondo Beach, Calif., of 
one of the largest space research 
and engineering centers in the 
country. When completed, the ultra-
modern complex will provide fa-
cilities for more than 5,000 per-
sons, including more than 2,000 
scientists and engineers. 

First phase of the complex will 
consist of 10 structures, including 
six research-office buildings, an en-
gineering-office building, a library-
auditorium, a service building and 
the corporate headquarters build-
ing. Two research-office build-
ings are scheduled for completion 
by November 1961. The engineer-
ing office building will be ready a 
month later. An additional re-
search-office structure, the service 
building, and the library-audi-
torium will be completed in March 
1962, and the administration build-
ing in September of that year. 
Completion dates for remaining 
structures have not been set. 
The new center is being built 

to replace the STL research and 
development facilities in El Se-
gundo, Calif., which are being ac-
quired by the government. Site of 
the center is a 110-acre parcel of 
land. The initial 10 buildings will 
occupy about 70 acres. The remain-
ing land is being reserved for fu-
ture expansion. 
STL, a subsidiary of Thompson 

Ramo Wooldridge, Inc., has since 

1954 provided systems engineering 
and technical direction for the Air 
Force ballistic missile program, 
which produced the Atlas, Thor, 
Titan and Minuteman weapons sys-
tems. The company also designed, 
fabricated, instrumented and 
tracked in space the Pioneer I and 
V, and Explorer VI satellites. 
Firm's scientists and engineers 
are currently completing for NASA 
a study designed to make possible 
the "soft" landing of an instru-
mented space vehicle on the moon. 

Perkin-Elmer Corp. 
Reassigns Woodcock 
EUGENE L. WOODCOCK has been ap-
pointed to the senior technical staff 
of the Electro-Optical Division, 
Perkin-Elmer Corp., Los Angeles, 
Calif., and will be responsible for 
the development of infrared sys-
tems. 

Until this assignment, Woodcock 
was chief of the development sec-
tion concerned with military infra-
red detecting equipment and in-
strumentation at Perkin-Elmer's 
Norwalk, Conn., plant. 

Stromberg-Carlson 
Ups Finkelstein 
NISSON A. FINKELSTEIN has been ap-
pointed vice president in charge of 
research for the Stromberg-Carlson 
Division of General Dynamics 
Corp., Rochester, N. Y. He joined 
S-C in November 1959 as assistant 
vice president and director of re-
search. 

John Gombos Appoints 
Gino DePaola 
JOHN GOMBOS, president of John 
Gombos Co., Inc., Clifton, N. J., has 
announced the appointment of Gino 
E. DePaola as senior staff engineer. 
He will be responsible for the ad-
vanced design and development of 
microwave filters as well as active 
cavities. 

DePaola was formerly chief engi-
neer of Prodelin and Frequency 
Standards. 

PRL Electronics 
Names Schlenker 
ROBERT M. SCHLENKER has been ap-
pointed to the post of vice president 
of PRL Electronics, Inc., Rahway, 
N. J. His past experience includes 
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KYORITSU ELECTRICAL INST. WORKS, LTD. 

Wm in, 

MODEL .EW- -16 

MODEL P:25 

MODEL VO -38 

EL IR -A MO 

4 0 . 
MODEL TR•B 

411% 

MODEL TE -C 
DEL VTVM-500 

MODEL FL-202 

MODEL TK-20A 

V12-2P. 

MODEL TK-

No. 120, Nakane-cho, Meguro-ku, Tokyo, Japan 

Cable Address: "KYORITSUKEIKI TOKYO" 

Tel: (717) 0131 —5 
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design 

research production 

it's read more 
by all 4! 
electronics magazine gives you the 
latest engineering developments. 
Government trends, military appli-
cations, and markets are techni-
cally interpreted. Get it first with 
your own subscription. Mail the 
reader service card (postpaid) to 
electronics, the magazine that 
helps you to know and grow! 
Rates: three years for $12, 
one year for $6; Canadian, one 
year for $10; foreign, 
one year for $20. Annual 
electronics BUYERS' GUIDE 
(single issue price $3.00) 
included with every 
subscription. 

subscribe today to electronics 
management 

Regulated, multiple voltage output +250 volts, +150 volts, 
+70 volts, +70 volts, +250 volts, —35 volts, —50 volts, —60 
volts, —70 volts, —250 volts D.C. 6.3 volts, 115 volts, A.C. Total 
power capacity approx. 15 KW 

EXPERIENCE and SKILL 
are an inherent component 

of every ACME ELECTRIC built 
POWER SUPPLY 

"Know your supplier" is pertinent advice as it applies to 
the design, engineering and construction of power supplies. 
Acme Electric not only knows the state of the art but is 
a recommended supply source. That's why you can expect 
specific advantages based on engineering experience, and 
backed-up by manufacturing facilities and trained manpower. 
If power supplies are an important part of your products, 
it will pay you to investigate the part Acme Electric can 
play in your procurement program. 

Series regulated 
Output 120, 1 % dc 

@ 0-6 amps. 

ACME ELECTRIC CORPORATION 
311 Water St. Cuba, N. Y. 

In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 
SAA3420/1672 
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THE RIGHT 
COMBINATION FOR 
BETTER TUBING 

Nth DIGREE AMMO 

PRECISION Flee 

YOU GET ALL IN 

PRECISION TUBING 

Sizes .010" O.D. to 1.125" O.D. 
Copper, Brass, Nickel Alloys 

• If you want to unlock the way 
to better product quality specify 
Precision Tubing. Every pound, 
every foot, every size or shape is 
made to meet the most exacting re-
quirements and performance tests. 

Precision Tubing can be pro-
duced to meet your specifications 
from annealed to full hard. Scien-
tific inspection carefully checks to 
the Nth degree for absolute accu-
racy. Precision Tubing is available 
in clean, scratch-free finishes suit-
able for anodizing or plating to 
mirror finishes. All of this Preci-
sion Control of quality is yours at 
regular mill prices. 
Whether you need copper, brass, 

aluminum, nickel or nickel alloy 
tubing you are sure of proved un-
surpassed quality from Precision. 
Write for complete technical cata-
log to 
PRECISION TUBE CO., INC. 

North M'ales, Pa. 

141 I  Get Your Free Copy 'it; , 

- 

PRECISION 
TUBE COMPANY PRECISION-FERS OF SMALL TUBING 

positions with the NJE Corp. as 
production manager, Douglas Labo-
ratories as a production supervisor, 
and Federal Telecommunications 
Laboratories as an engineering as-
sistant. 

EDP Corp. Appoints 
Manufacturing Head 
THOMAS BELLAVIA has been named 
director of manufacturing for EDP 
Corp., Orlando, Fla. He has had 
over 27 years in manufacturing 
and engineering experience with 
Emerson Radio and Phonograph 
Corp., Jersey City, N. J. 

Garr Takes Key Post 
At Raytheon Company 
DONALD E. GARR has been named cor-
porate director of engineering for 
Raytheon Company, Waltham, 
Mass. He has resigned as manager 
of engineering operations for Gen-
eral Electric Company's armament 
and control section. 

Rennacker Joins 
Bendix Computer 
HARVEY E. RENNACKER has been ap-
pointed senior staff engineer for 
Bendix Computer Division, Los An-
geles, Calif. 
He was most recently staff assist-

ant to the head of the systems di-
vision, Collins Radio Co. 

General Dynamics 
Appoints Dickey 
GEORGE J. DICKEY has been ap-
pointed vice president and assistant 
general manager of the Stromberg-
Carlson Division of General Dy-
namics Corp., Rochester, N. Y. 
He comes to S-C from the corpo-

ration's headquarters office in New 
York, where he was assistant to ex-
ecutive vice president C. Rhoades 
MacBride. 

Oak Manufacturing 
Rehires Olenick 
OAK MANUFACTURING CO., Chicago 
components manufacturer, has an-
nounced the appointment of Earl 
Olenick as sales manager. 

Olenick returns to Oak from 
Phaestron Instrument Co., where 
he served as assistant sales man-
ager. He previously spent 10 years 
with Oak in various sales and sales 
promotion capacities. 

The Hallierafters Co. 
Hires Alva Todd 
ALVA C. TODD, a specialist in elec-
tronic instrumentation, has joined 
The Hallicrafters Co., Chicago, Ill., 
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as director of applied research for 
military products. He was previ-
ously a staff member of the Illinois 
Institute of Technology's Armour 
Research Foundation. 

National Radio 
Advances Natkin 
THE PROMOTION of Sydney W. Nat-
kin to the post of vice president and 
manager of sales of National Radio 
Co., Melrose, Mass., has been an-
nounced. He was employed at RCA 
for 19 years in various executive 
capacities prior to joining National 
Radio in 1959. 

Uhle Takes Over 
Newly Created Post 
APPOINTMENT of Richard B. Uhle to 
the newly created position of assist-
ant general manager of Avco's Elec-
tronics and Ordnance Division in 
Cincinnati, O., has been announced. 
He was formerly assistant ad-

vanced projects and planning, to the 
president of the division. 

Sangamo Elects Wylie, 
Reorganizes Marketing 
ROBERT R. WYLIE has been elected 
vice president-manager, electronic 
products sales of Sangamo Electric 
Co., Springfield, Ill. He joined San-

WE 

MAKE 

ALL 

el 
KINDS 
OF 

\ 

BOXES Xler 
(Specializing in 

Stainless Steel) 

*Here's the real "inside dope" and 
we're not referring to the happy 
young fellow portrayed above. 
(He's not even a member of our 
organization) 

We are a division of Kewaunee 
Manufacturing Co., specializing in 
engineering and production of 
highly technical equipment and 
apparatus for research and in. 

For complete information. 

call or z'iilc' 

Onfri e • 
_Mk 

o 

ft 
dustry. Our experience and facil-
ities qualify us to custom design 
and manufacture, or assemble 
from stock, any of the following 
types of enclosures: glove, vacuum 
and dry boxes; dust free enclo-
sures; and controlled atmosphere 
systems. 

That's why we readily say, "We 
make all kinds of boxes.". 

K • S • E 
KEWAUNEE 
SCIENTIFIC 
EQUIPMENT 
ADRIAN, 
MICHIGAN 

4015 Logan Street 
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The worldwide success of Japan's 

transistor radios is a tribute to their 

highly efficient yet minute components, 

of which the ultra-small Mitsumi FT 
Poly-vori-con is typical. With other 

superb Mitsumi parts, it is being ex-

tensively used by leading radio mom"-
focturers. 

POLY-VARI-CON 

Variable 

Capacitor 

Mitsumi Parts  
MITSUMI ELECTRIC CO., LTD. 

1056-1, Koadachi, Komae-cho, Kitatama-gun, Tokyo, Japon 

TEL  (416) 2619 2692 2219 

4.7 
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LINT-
FREE 

INDUSTRIAL APPAREL 
for CLEAN ROOMS 

shirts ... trousers 
coveralls. .. lab 

coats...ladies slack sets...dresses 
... caps ... shoe covers ... gloves 
... designed by 

WORKLON® 
• New Comfort • New Fabrics 

• New Styling 
• Choose from America's largest 

selection of lint free, acid resis-
tant, static free, industrial ap-
parel...all illustrated in the new 
1961 catalog. 

Write today for 
your copy. 

WORKLON® 
Dept. E-11 

253 West 28th St., New York 1, N.Y. 

Kindly send free Worklon catalog 

name  

company  

address  

city zone state   

YOU'RE NEVER 
OUT ON A LIMB! 

FOR FAST DELIVERY ON 

TRANSFORMERS 
FOR EVERY APPLICATION 
Electronics • Ultrasonics 

Control • Aircraft 

MIL-T-27A • Appliances 

Radar • Missiles 

STERLING 
TRANSFORMER 

510 Driggs Ave. 
Brooklyn 11, N.Y. 
STagg 2-4200 
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CONTACTS 
FOR THE FIELD OF ELECTRONICS 

LIFSCIIULTZ 
FAST FREICHT 

FASTEST TO BOTH COASTS! 

TRUCKLOAD SHIPMENT via 
LIFSCHULTZ PIGGYBACK 

Between Middle West and 
Atlantic Seaboard Points 

Specify LIFSCHUL 
and Be Sure It's On 

TZ 
Time! 

gamo in 1957 as marketing mana-
ger. 
The company's efforts in elec-

tronics will now be integrated in 
an electronic products team under 
Wylie's direction. Sales will be 
channeled through direct men and 
manufacturer's reps for electronic 
components. Electronic systems 
sales will be handled exclusively 
through manufacturer's reps. To 
implement this sales effort the fol-
lowing appointments were made: 
Roger Miller, sales manager, elec-
tronic components; Glenn DeKra-
ker, sales manager, electronic 
systems; and Clarence Burt, dis-
tributor sales manager, electronic 
components. 
Sangamo's R&D activity in elec-

tronics is to be further expanded. 
Clarence Hudson was named direc-
tor of components engineering and 
Alexander Finlay, former director 
of electronic research at Battelle, 
was named director of electronic 
systems engineering. 
To coordinate long range market-

ing and R&D activities, two key 
men were appointed East and West 
Coast managers of electronic prod-
ucts. Kenneth McGee will coordi-
nate operations on the East Coast, 
and H. L. Kunz, vice president, will 
do so on the West Coast. 

Hall Holds R&D Post 
At MicroSemiconductor 
THOMAS C. HALL is vice president 
for research and development at 
MicroSemiconductor Corp., a newly 
organized firm in Culver City, 
Calif. 
He was previously associated 

with Pacific Semiconductors Inc., 
where he served as research pro-
gram director, and with Bell Tele-
phone Laboratories. 
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EMPLOYMENT OPPORTUNITIES 

MK — 3 CTP vehicle 
on mount for 

antenna pattern 
measurement. 

A Diversity of Current Projects 
Continuing an outstanding record of 
achievements that includes the first re-
covery of a space vehicle from orbit, and 
the first flight demonstration of effective 
space vehicle stabilization control and 
navigation, MSVD electronics engineers 
are currently working in such areas as: 

Quick-launching Support Systems • Inertial 
Navigation Equipment • High Density Pack-
aging • Stabilization Controls • Space-to-
ground Communications Systems • Orbit 
Ejection Controls • Instrumentation for Nose 
Cones • Space Power Supplies • Satellite 
Telemetry Tracking & Command • Digital 
Computers • Circuit Design for Space Appli• 
cation • Electronic Navigation Techniques 

ELECTRONICS 
ENGINEERS 

Unique electronic 
components suc-

cessfully flight 
tested on ICBM 
re-entry vehicle 

control systems. 

Whether or not you've had specific 
AT GENERAL ELECTRIC experience in space electronics, you 

YOU CAN APPLY YOUR COMMAND may be able to go right to work 
at MSVD on some of the most 

OF ELECTRONICS TO sophisticated and technologically 

THE NATION'S MOST ADVANCED exciting projects in the entire space 
field— from ICBM re-entry vehicles 

SPACE PROBLEMS to operational space craft. 

Today, engineers with TV and radio 
experience are working  on missile 
and space vehicle  payload problems 
at GE's Missile & Space Vehicle De-
partment ... others are applying their 
knowledge of radar to space com-
munications ... men with aircraft 
navigation experience are concen-
trating on advanced guidance and 
control systems for interplanetary 
space vehicles... In fact, engineers 
with experience in practically every 
area of electronics have transferred 
their technical knowledge directly to 
space problems. 

The work here is at the 
very edge of the state 
of the art, transform-
ing the latest re-
search discoveries 
into workable engi-
neering solutions. 
You'll be concerned 
with new advances in 
plasma physics, thermo-
electric phenomena, telemetry... 
with radical new requirements in 
micro-miniaturization, space to 
weight reductions, performance effi-
ciency .... with an entirely new order 
of reliability specifications to assure 

RESOURCES 
FOR 

Sre% CHALLENGE 
OF SPACE 

Analytical Studies 
in satellite orbit 
control and space 
navigation. 

systems' operation in space for a 
year or longer. 

Excellent positions are currently 
open in four major areas at MSVD: 
Navigation and Control Engineering 
• Instrumentation and Communica-
tions Engineering • Ground Support 
Engineering • Advanced Systems 

Engineering 
These positions will place 
you on the ground floor 
of the move of a large 
segment of the Depart-
ment to the new Space 
Technology Center—located 

at Valley Forge Park, just 17 
miles from Philadelphia. 

Inquiries are invited from elec-
tronics engineers who are technically 
advanced in their own ,I;scipline, and 
are deeply interested in the related 
fields of space vehicle development. 
Write informally, or forward your 
resume to: D. G. Curley, Div. 69-WB. 

MISSILE & SPACE VEHICLE DEPARTMENT 

GENERAL ELECTRIC 
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CIRCLE 385 ON READER SERVICE CARD 

141 



EMPLOYMENT OPPORTUNITIES 

commercial 
electronics* 

engineers and scientists 

interested in the career-

advantages of association 
with a broad-based, stable 

and healthily expanding 

company, while 

contributing professionally 

to challenging technical 

programs, are invited to 

inquire about new 

positions in their fields. 

Please address 
Mr. Maurice Downey. 

military electronics* 

You'll find growth in both* 
areas at STROMBERG-CARLSON 

DIVISION OF GENERAL DYNAMICS 

New Professional Opportunities 
Now Open Across Our Entire Organization 

The diversity and balance of our activities at Stromberg-Carlson 
— in commercial and military fields — creates both company 
strength and long term career stability for our professional 
personnel. Growth in both areas proceeds from a far-sighted 
policy of rising investment in research, to ensure the Company 
of an advantageous position as creator and supplier of 
continually more sophisticated systems and equipment. 
Specifically in the last five years, since Stromberg-Carlson 
became a division of General Dynamics, research budgets 
jumped 50%, product sales have risen dramatically, and our 
entire organization has expanded 60%. This year we 
are raising our research activity another 10%. 

Areas in which Stromberg-Carlson is currently engaged include: 

Nuclear Instrumentation 

Passive Reconnaissance 

Sonar Systems 

Automatic Test Equipment 

Stereo High Fidelity 

Single Side Band 
Communications 

Telecommunications 

Airport Traffic Control 

Avionic Systems 

Industrial Sound Systems 

Classified Investigations 
in ASW Field 

(utilizing World's Largest Indoor Underwater 
Acoustic Test Facility Inaugurated at 
Rochester. N. Y. headquarters in 1059) 

STROM B E RG -CARLSON 
A DIVISION OF GENERAL DYNAMICS 

1451 N. Goodman St., Rochester 3, New York 

CIRCLE 386 ON READER SERVICE CARD 
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EMPLOYMENT OPPORTUNITIES 

Key Position with IBM in 

AUDIO AND 
MAGNETIC TAPE 

SYSTEMS 
DEVELOPMENT 
An important position has recently been 

created in the advanced development of 
audio equipment, including high-fidelity 

magnetic tape systems. This opening 
carries significant remuneration and 
could lead to full responsibility for all 
development efforts in these areas. 

An engineering team, now being formed, 
will be charged with the responsibility 
for applying latest technology to high-
fidelity audio and magnetic tape systems 

of the future. The group will function 
in an atmosphere highly receptive to 

new approaches which may accomplish 
major break-throughs in systems of this 

type. 

Experience in the audio or magnetic 
tape-recording fields is essential. In ad-
dition, some experience in transistor cir-
cuit design is desirable. Education must 
include an MSEE or BSEE degree with 

related experience. 

As a member of IBM's development 
team, you will be working under the 
best possible conditions with the finest 
equipment. You will receive excellent 

employee benefits and opportunities for 

advanced education. You will be living 
in a growing community recognized for 
its historical, cultural and scenic values. 
For further information, please reply 
full particulars to: 

Mr. A. J. Ronvaux, 
Manager Professional Employment 

IBM Corporation, Dept. 554A2 
Lexington, Kentucky 

IBM 
"Put Yourself in the Other 

Fellow's Place" 

TO EMPLOYERS 

TO EMPLOYEES 
Letters written offering Employment or 
applying for same are written with the 
hope of satisfying a current need. An 
answer, regardless of whether it is 
favorable or not, Is usually expected. 
MR. EMPLOYER, won't you remove 
the mystery about the status of an em-
ployee's application by acknowledging 
all applicants and not just the promis-
ing candidates. 
MR. EMPLOYEE you, too, can help by 
acknowledging applications and job of-
fers. This would encourage more com-
panies to answer position wanted ads in 
this section. We make this suggestion 
in a spirit of helpful cooperation be-
tween employers and employees. 
This section will be the more useful to 
all as a result of this consideration. 

Classified Advertising Division 

McGraw-Hill Publishing Co., Inc. 
330 West 42nd St., New York 36, N. Y. 

SCIENTISTS • ENGINEERS • BS, MS • PhD 

Name Your Field in Electronics 
...you'll find it at Electronics Park 

At General Electric's headquarters for electronics in Syracuse, New York, 
you'll discover projects in every phase of modern electronics, aimed at every 
kind of application — Consumer, Industrial, Military. 

These projects are distributed over research laboratories, development and 
design groups, manufacturing facilities and field service centers. Different 
operations are structured to provide independent, localized management yet 
all offer technical cooperation to each other. In the next building — or the 
next office — you'll be able to pinpoint a technical expert for consultation on 
any electronic problem. 

THE CHART BELOW offers a broad indication of areas in which we are active-
ly engaged. Check off those areas that are of interest to you— fill in the coupon — 
and mail to the address below. We will advise you of specific opportunities 

now available at General Electric's Electronics Park. 

I TECHNICAL AREAS 

11.1mm.. 

Applied Systems Advanced Design 
Research Engineering Development 

Technical 
Writing 

Mil 

Field I 
Service . 

RADARS (Antenna, Components) • • • • • • 

Ground, Ship, Air • • • • • • 

Missile, Satellite • • • • • • 

i COMMUNICATIONS 

Multiplex Microwave • • • • • 

SSB Radio • • 

DSB Transmitters • • • • 
— I 

Synchronous Receivers • • • • 

.. Data Links • • 

DATA RECORDING & DISPLAY • • 

Equipments S • • • • 

Advanced Techniques 

i.e. Thermoplastic Recording 
• • • • 

DEFENSE SYSTEMS — Underwater • • • 

Missile Guidance 8, Navigation • • • • • • 

Air Weapons Control 0 • • • • 

COMPUTERS (Digital) Applications • • • • • • 

MATERIALS & PROCESSES 
(Electrochemical, etc.) 

• • • 

SEMICONDUCTORS-Circuitry,Devices • • • • 

PHYSICS 
(Military & Commercial Applications) 

Space • • • • 

Accoustics • • • • • • 

Electron Optics • • • • 

•--1 Electromagnetics • • • • • 

TELEVISION (Broadcast & Industrial) 

Receivers • • • • • • 

Transmitters (AM, FM ,It TV) • • • • 

HF Video 8. Audio Techniques • • • • 

TUBES — Cathode Ray • • • 

AUTOMATED MACHINE CONTROLS • • . • 

To: GENERAL ELECTRIC COMPANY 
Electronics Park, Div. 69-WB 
Syracuse, New York 

Att: Technical Personnel Dept. 

1 am interested in Technical Areas I have checked. 

My name: 

Address, 

Dogma   Date  -

All communications held in strict confidence. 

GENERAL ELECTRIC 

January 13, 1961 

BIM 
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EMPLOYMENT OPPORTUNITIES 

MISENISSOMIllallffh  

SEARCHLIGHT SECTION 

. . . if its for the electronics lab 

Move ANIAP in Your Career 
with Kollsman - a Growth Company 

Opportunities Now for Graduate EE's, ME's 
and Physicists in: 

CREATIVE & DEVELOPMENT ENGINEERING 

• Creative Engineers for systems analysis and synthesis, and 
for systems and circuit design in precision electromechanical-
optical systems and computers for automatic navigation and 
flight control. 

• Development Engineers for project engineering on auto-

matic navigation, air data and flight control systems and devices. 

OPERATIONS ANALYSIS 

For field and staff assignments in error analysis, 
operations analysis and systems reliability. 

PRODUCT ENGINEERING 

For design of pre-production prototypes as well 
as production engineering of electromechanical. 
optical systems. 

Ilk Kollsman Instrument Corporation 

Send a brief resume to Mr. John Whitton. 

80-08 45th AVE , ELMHURST 73. QUEENS, NEW YORK A Subsidiary of Standard KOIlsman Industries lnc. 

CIRCLE 387 ON READER SERVICE CARD 

ARE YOU WILLING TO GAMBLE 
ON YOUR OWN ABILITY-

If Successful-participation in owner-
ship is yours. We are willing to provide 
Capital-Guaranteed Min. Salary and 
Guidance to Imaginative, Industrious 
young man to research and develop 
new ideas in Electronic and Allied 
Fields. Give detailed background, 
previous experience, references and 
recent photo in first letter to C. M. 
Tierney, 612 3rd Ave., South, Fort 
Dodge, Iowa. 

CIRCLE 388 ON READER SERVICE CARD 

POSITIONS! 
To satisfy your objectives and use your 
best talents! S.E.E. helps many distin-
guished companies and organizations to 
obtain able men at all levels. No place-
ment fees to you. Send resume for ap-
praisal & full information. 

Scientists, Engineers .4 Executives, Inc 
1026-17th St., N W. Washington 6, D. C.  

CRICLE 389 ON READER SERVICE CARD 

POSITION VACANT 

Teaching and Research. Opening for Electri-
cal Engineer with Ph.D. to supervise graduate 
research and do some teaching. Research ex-
perience in microwave or semi-conductors 
desirable. Private research or consultation 
encouraged. Excellent salary and rank ar-
rangements. Department offers work leading 
to Ph.D. Position available September 1961 
or sooner. Apply to Chairman. Electrical En-
gineering Department. Vanderbilt University, 
Nashville 5, Tennessee. 

SELLING OPPORTUNITIES AVAILABLE 

Representatives desired by manufacturer of 
Industrial Electronic Instruments and Con-
trois. P.O. Box 8246, Tulsa 15, Oklahoma. 

SEARCHLIGHT SECTION 

NEW SILICON 150MC DIODES H TAOTPS 
300 Md 

20 to, 37 
General 

2 l Purrpo se1 

17.5//50 
rms Plv 
14c 

210/300 
ems /18V 

35/50 
ems /pm 
19 

70/100 
rms /Pie 
29e 

140/200 
rims /P b., 
344 

280/400 350/500 420/600 - 
/pot rms/piv rens/Pev 

554 7014 $1.00 

fe CAPAC1TOR INPUT DERATE 20 0 o 

SILICON POWER DIODE STUDS.' 
OPERATION UP TO 125°C CASE TEMP 
DC 17.5RMS 358515 
AMP 25 pin 50 pin 

. . .35 
2 .30 .as 
6 .50 1.00 

12 .85 1.60 
18 1.45 2.15 
35 1.75 2.75 
70 2.99 5.45 

240 5.90 9.45 

DC 
AMP 

1.5 
2 
6 

12 
18 
35 
70 

14011/518 
200 Pis. 

.70 
1.00 
2.15 
3.90 
4.80 
5.65 

10.30 
240 19.90 

21ORMS 
300 Pev 

.85 
1.35 
2.50 
5.00 
5.90 
7.45 

13.75 
29.45 

7ORMS 
100 pis' 

.45 

.60 
1.45 
2.15 
2.90 
3.75 
7.60 

12.60 

105RMS 
150 pin 

.55 

.80 
1.75 
2.90 
3.85 
4.60 
8.75 

15.75 

28ORMS 25ORMS 
400 pey 500 pin 

- 1.00 - 1.35-  
1.60 1.95 
3.40 I 4.30 
6.90 8.75 
FOR QUANTITY 

Export 6, User Prices 
Irrité. on Company 

It'll erhead 

LOW PRICES TO VOLUME BUYERS! 

Derate 20% for battery or capacitive load or D.C. 
blocking! 

LOW PRICED 01'200 SILICON DIODES 
TRIPLE SEALED RADIO & EXPERIMENTERS 

SERIES. 
RATED 380PIV'266RMS fi 200Ma fi 100C 
36e EACH. 10 fur 53.25, 100 for $27. 1000 $230. 
MFGRS. WRITE FOR O.E.M. LOW PRICES BELOW 
SELENIUM 

'ii, plICilbf ilt11,01 IO, 20 %a 

TRANSISTORS & ACCESSORIES 
2N441 $2.80. 21,1442 54.50, 2N277 sa. 28278 55. 
2N155 $1.39, 2N176 $1.80. 2N177 $1, 2N178 $1.75. 
2N247 $1.50, 2N255 $1.20, 2N270 $.95, 2N274 
$1.25, 2N408 $.80, 2N544 $1.20 
ROUND OR DIAMOND BASE MICA Mtg. Kit each $.30 
DELCO POWER HEAT 5INK WITH FINS 80 se" $1.00 
BARRETER SPERRY 5821 ,125ff, 2005 51.50W. 

10 for $10 

I
TOP HAT SILICON DIODE EXPERIMENTERS KIT. 
USE AS STABISTORS, ZESER DIODES & METER 
PROTECTION DIODES. CLIPPER & RECTIFIER 
',loess! A $10 VALUE. 8 for $1. 

TERMS: Money sack Guarantee 
Our 16th year. $2 min. order 
F.O.B. N.Y.C. Add shpg charges 

111.EPA LIBERTY ST., N. Y. 6. N. Y. 

Send 25e for Catalog 
 PHONE: RECTOR 2-6245  

GET IT from GOODHEART! 
0.1% SORENSEN Line Voltage Regulator 
es000s. Brand new at 
low surplus price! Input 
95-130 V, 1 ph., with 
taps for SO or 60 uy. Use 
fer any power up to 5000 
watts. Output adjustable 
110-120 V and holds to 
,0.1./0 at line frequency. 
or to '0.25% if line fre-
quency drifts 5e/e. Regu-
lates against line changes 
of 95-130V and agaInst 
load changes from 0 to 5 
KVA. Maximum harmonies 
less than 3%! Recovery 
time 0.15 seconds. luput 
to the control section can 
be moved to the point 
where you will use the 
power, thus compensating 

Shpg wt 285 lbs FOB Utica, N. Y. In original factory 
cabinet 28" h, 22" wd. 15" dp. Net wt 190 I bs. 

pack suitable for expert, including SPARE PARTS 
group. Sorensen catalog 

for line drop. In rac% 

net price es $695.00 el49.50 
les. spares. Our price, WITH SPARES... 

WRITE for DETAILS on OTHER C-V UNITS 
SOLA Constant-Voltage Transformers. up to 3 KVA. 
RAYTHEON w/ harmonie filter, SUPERIOR STABILISE 
tinits up to 10 KVA, 220 y, 3 ph, ail at bargaIns! 

STRETCH YOUR BUDGET WITH JUDICIOUS 
SELECTIONS FROM THE BEST IN SURPLUS 

0.1% ACCURACY 
Wheatstone Bridge 
For DC resistance, but the 
4-deal rheostat arm can 
also be used as a decade 
box 0-10. 110 ohms. Ratio 
dial X.001, X.01, X.1, 
XI, X10. X100. Compact, 
self-contained. Buolt-in 
galvanometer and battery 
compartment. Guaranteed 
100e/o OK. We measure 
precision resistors before 

shipping. $109.00 
Only  

SIG. GENERATORS W/CALIB. OUTPUTS 
TS•497A, U. 2-400 rite. like Meas. z80 5349.50 
Gen. Rad./ Fed. =804, 8-330 mc, 

179.50 
LAF•2. 90-600 me, 

CVV, pulse, or eut. sine AM  89.50 
LAE-2, 520-1300 mc, 
CW, pulse, or ext. sine AM  119.50 

Meas. .84.3001000 me, 
CW. pulse, or ext. sine AM  179.50 

ANOTHER "BEST•BUY" SIGNAL GENERATOR 
Ts-47 'APR. 40-500 mc in 2 bands, with useful har-
monies to 3000 mc. Deal calebrateon accuracy 
Emission 0-387,000 uV into SO ohms. CVV. AM 50o/o 
at 1000 cy. or pulsed at 500 ppet. 70 use° duration. 
Uncalibrated attenuator. Input 115/230 V. 50/60 
cy. A little gem of accuracy & stability. 7"x9"x12". 
15 lbs net. Uses ultra-stable butterfly tuner. Cert.-
Red by standards Lab before shopping. $97 .50 
Railex, fob Los Angeles, only   

LOOK! $69.50 BUYS AN APR-4 RECEIVER! 
AN /APR.4 Receiver und, ready to accept plug- in tun-
ing units from 38 to 4000 me. This is the 30 mc I.F. 
ampl. with choice of 0.6 or 4 me pass band, for com-
munications or for Noise 6. Spectrum analysis. Has 
built-in 120 v. 60 cy power supply. Panadaoter out-

Video output. Phones outputs, S-Meter. BFO, and 
Volume control. DO NOT CONFUSE with the much 
earlier model APR-1; this is APR•4! Certified OK 
and  geleasligned, less tuning units. fob Los$69 .50 
An  

Add tune $32ieiroja,h.. foi:N:rarl'oóci-igiitsrt,: $5930 

MEASUREMENTS CORP. Pulse Generator 
MEAS. CORP. 81.013. 79-13 
PULSE GENERATOR, 60-
100.000 cy n pulses 1/2 -40 
usecs wd. and sync 
pulses delayed 1/2  period. 
Can pulse modulate an ex-
ternal RF source and can 
be synched by an externat 
sine source. This is the 
model preceding the cur-
rent catalog model which 
sells for 5495.00. Brand 
new in original packing, 
with instruction book. 40 
lbs fob Harris- $97.50 
burg, Pa  

Gen. Rad. 561-0 Vacuum-tube Bridge measures every 
tube and transistor parameter. G.R. price $850.00. 
Our price, like new, but less cords and Si 99.50 
small accessories is only  

str,":,:t.r.;r,r&ec:..;',f,lifverej;riefinedrear.d $375.00 

Stoddart NMA-5A (T5•587/U) Radio Interference and 
Field Intensity Meter. 15-420 me. With tripod 2 
diploles, cords, coupler. 2 cases, and 2 RF hearls. 
apparently excellent condition, 5499-50 
complete   

Test Oscilloscope 05-413'USM•2513 has freq. response 
-3 db. 10 cy-8 cm! Pulse rise Urne less than 0.1 us. 
2 sync marker crystals. 10 us or counted to SO us: 
and 12.2 us (2 K yards) or counted to 61 us (10 K 
Yds). wraccuracy •-.03f.e. Calibrated range step. In-
terna! sweep 82-820.000 cy. or sync W/ext• , ne 
source  w /Maint. 20 Instr. cy to b1ook mc. Certified, $199.50 

ri;C:".tv/Z!6CBRTi.scecr?infl:e, rgtel 1..;':r'lee'..e! $199.50 
IMi1V:ile.ntoK29e.t. La/rAgneepPly. certified $249 50 

TS-34/AP combination test and synehroscope, in nr. 
cond., w /case and 16-page instr. book 539.50 
reprint. fob Los Ang  

R. E. GOODHEART CO. 
PHONES: BRadshaw 2-5707, CRestview 6-9349 

P. 0. Box 1220-E Beverly Hills, Calif. 
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SEARCHLIGHT SECTION 

JANUARY CLEAN-UP 
RF ABSORPTION WATTMETER. 111111) type 67C 
Military AN, CRM-80). Portable, direct reading, 

±- 5% accuracy at full scale. VSWR 1.1 to 1 
maximum over entire operating range. 30 to 500 
MC. Three ranges: 0-100; 0-500; 0-2500 watts 
maximum power. Watercooled. Nonlinear scale 
expanded at lower end. BRAND NEW. original 
boxes  $225.00 
TS- 1550/UP GENERATOR. Multiple purpose Signal 
Generator id the 2700 to 3400 MC band: Pulse 
modulated, calibrated, RF output meter, intemalb 
or externally triggered, power monitor, and 
absorption-type frequency meter . . . all in one! 
Complete In transit carrying case with horn 
antenna, complete set of coaxial adapters, tools, 
tech manual. etc. Like new $275.00 
BEAT FREQUENCY OSCILLATOR. Wide range, 
General Radio type 700A. Two ranges: 50 cycles 
to 40KC and 10 KC to 5 MC. Two independent 
oscillators. Metered. Excellent $190.00 
TS-239A/UP (Lavoie type 239A) Synchroscope. 
Excellent  $175.00 

PROFESSIONAL 
TAPE RECORDER HEADS 

BT- I Full track erase  $10.00 
BT-3 Full track record   10.00 
BT-5 Full track playback   10.00 
BT-2 Halt track erase   8.00 
BT-4 Half track record   8.00 
BT-6 Halt track playback   6.00 
BB-3 Stereo record (stacked)   12.00 
BB-5 Stereo playback (stacked) • • • • 10.00 
Cinemascope 35M M playback   30.00 
Four track (I" tape) combo  27.50 

MOTORS AND RELAYS-GALORE! 
BODINE NSEG-I2. Universal motor: 115 volt. 
AC or DC, 1.3 A, 1/23 IIP, 3600 RPM. Brand 
new  $8.50 
BODINE NSI-13. 115 VAC. 1.0 Amp, 60 cycle, 
1/40 HP, 1725 RPM. Front flange mounting. 

long shaft. New $9.25 
MINIATURE PM MOTOR. 27.5 V, 1.4 A. 14.000 
RPM. 1.75 in. oz. Size: 1,4" x 3%". New $3.75 
HAYDON Motor-driven TIME DELAY RELAY. 
27.5 VDC. Continuously adjustable from 1% to 9 
min. Two microswitches for DPDT at 15 amp: 
Instantaneous recycling when power is turned oft: 
R  I PM motor. 2% ..e 21/2  inches $5.00 

POTTER & BRUMF1 LD M H-1005-I. Hermeti-
cally sealed. 24 VDC, 4PST, 425 ohms, 1" x tr," 
x 23/4 "  $.95 

Special 6 for  $5.00 
CHOPPER. Airpax A-589-3, 6 volt, 400 cycle, 
octal socket mounting  $4.75 
TERADO Serles 6000. Miniature plate relay 
(3/4 * dia x 13/4 " long). SPDT. hermetically sealed, 
7-pin miniature base, 5000 ohm coil. 1 amp con-
tacts, 3 ma $2.25 
CP CLARE. 6500 ohm plate relay. hermet.-sealed: 
stud mounting; DPST and SPDT contact arrange-
ments. 2" x 1%" x 114" $2.50 

GRAIN-O-WHEAT LAMPS 
Westinghouse type 331. 1.35 volts. .06 
amp.. 957 base. In orig. Jobber 10 packs. 
Special, per thousand  $120.00 
Minimum order  $ 5.00 

H. D. STERN CO. 
3000 S. Main St. Los Angeles 7, Calif. 
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• . . . the NEW 1961 edition 
• *GREENSHEET CATALOG. 
111 * A Complete 48 page catalog of special-
9_r ized industrial ELECTRONIC TUBES and 
I,' COMPONENTS . . . featuring BARRY 
Y ELECTRONICS savings to industry. 

•  * Circle Reader Service Card No. 460 for your copy. 

• Start the New Year off on the right foot. Before 
• you purchase TUBES, COMPONENTS or EQUIP-

• ca.l nEiNp aTre  .our h ¡Igoe kg quality iy youran Gs eFLEIe N S HriEceEsT and 

• -"II YEARS OF BUYERS' CONFIDENCE" - 

• Send us your request f r uo atio which will be • 
• immediately expedited.•   • • • • Wm AxIk.eNrySi-7-3070301îk înnnirr 
: II A It • 
• •• -J 

• CORPORAT 1 ON• 
• • 
• 512 BROADWAY NEW YORK 12, N. Y. • 

••••••••••••••••••••••••••e 
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WEIGHT 
IN GOLD • • •• 

SPECIAL PURPOSE TUBES 
0A2  -- .80 4X150A 15.00 348A  2.50 5545 12.50 
0A3  .85 4X2508 30.00 349A  2.00 5550 30.00 
0A5.  4.00 5BP1A  9.50 350A  3.50 5552 'FG-235.. 40.00 
0132  .50 5C22 12.50 350B  3.50 5557 'FG-17. . 4.25 
0133  .70 5CPIA  9.50 352A  6.50 5558 'FG-32... 7.50 
0C3  .50 5J26  25.00 354A 10.00 5559 'FG-57...10.00 
OD3  .30 5R4GY  .80 355A 10.00 5560 ,FG-95...12.50 
1835A  3.00 5R4WG8  5.00 393A  3.50 5586..100.00 
1858. 25.00 5R4WGY  3.00 394A  2.50 5632 'C3J  8.50 
1859 "R11308 9.00 5RPlAr  9.50 396A '2C5I . 2.50 5636  1.00 
11163A 12.50 5Y3WGT  1.15 398A'5603 . 4.00 5639 2.00 
CIA  7.50 6AC7W  .35 401A '5590. . 1.50 5641  2.25 
IP25 10.00 6AG7Y  .75 403A 6AK5. . 1.00 5642  1.25 
2-01C 12.50 6AK5W  1.00 40385591 3.00 5643  4.50 
2AP1  2.50 6AN5WA  3.00 404A '5847 ....10.00 5644 2.50 
28P1  6.00 6,6,57G  2.35 408A '6028.... 2.00 56462.00 
2C39  2.50 6B4G  2.50 409A /6A56. . 2.00 5647  3.50 
2C39A  8.75 6BL6 30.00 412A  4.00 5651 .. .70 
2C40.  7.00 6BM6 30.00 415A  3.00 5654 '6AK5W. 1.00 
2C42.  4.00 6BM6A 37.50 41611 /6280 . 25.00 5656  3.50 
2C43.  7.50 6C21  10.00 417A/5842 10.00 5665 'Cl6J 25.00 
2C50  4.00 C61 12.50 4I8A 15.00 5670WA... 1.35 
2C5I   1.50 6J4WA  1.00 420A '5755 5.00 5675.... 7.50 
2C52  1.50 6J6W   75 421A '5998 7.50 5676.. . 1.25 
2021   .50 616GAY  .75 422A 10.00 5678  1.25 
2D21W  1.00 616WGB  1.75 423A '6140 5.00 5684 'C3J /A .10.00 
2E24  2.50 605G  2.50 429A  9.00 5686  1.85 
2E26  2.50 65J7WGT  1.00 450TH 40.00 5687WA  2.50 
2E30.  2.25 65L7WGT  .75 4507L 40.00 5691  5.00 
2J42 50.00 65N7WGT  .50 575A 12.50 5692  2.00 
2J51 75.00 6V6GTY  .75 631-P1  5.00 5693  4.00 
2K25  9.75 6X4W  75 673  12.50 5696 1.00 
2K26 25.00 6X5WGT 1.00 676 27.50 5707WA 2.75 
21(29 25.00 7MP7 . 17.50 677 27.50 5703WA  3.00 
21(30 75.00 10KP7 15.00 714AY ... 10.00 5704.. 1.00 
2K34  75.00 I2AT7WA 1.40 715C 10.00 5718 .. 1.00 
2K35 250.00 12AY7  1.00 719A  7.50 5719A 1.50 
2K41 25.00 HK-24  1.00 7218  3.00 5720 FG-33 17.00 
21(42 125.00 251.   7.50 723A 'ES  2.50 5721   125.00 
21(43  125.00 26Z5W  1.25 725A  7.50 5725 6A56W... 1.25 
2K44 125.00 357 7.50 7268  3.25 5726 6AL5W... .60 
21(47  125.00 FG-105 17.50 7507L 87.50 5727 21321W... 1.00 
2K50 65.00 FG-172  17.50 BL-800A 50.00 5728 FG-67. 7.50 
2 X2A  1.00 212E 25.00 802  4.50 5740 'FP -54....50.00 
3APIA  7.50 244A  2.50 804 15.00 5744WA  2.75 
3824  .35 245A  3.50 805  3.00 5749 '6BA6W. .75 
3824W  3.50 2496 10.00 807  1.25 5750 '6BE6W... 1.35 
3825  3.00 249C  5.00 810 12.50 5751 /12AX7W. 1.35 
3628   3.00 25OR  7.50 811  2.50 5763  1.50 
3BP1A  7.50 252A  6.00 813  8.50 5777 .... 100.00 
3C22 25.00 254A  2.00 814  1.50 5778.. 125.00 
3C23  5.50 257A  3.50 815  1.00 5783... 2.00 
3C24/240  1.75 259A  3.50 816  1.75 5784WA. 3.50 
3C45  3.00 2628  3.50 828  7.00 5787 2.50 
3D22  8.00 2676  7.50 8298  7.75 5799 VX-21 3.00 
3E29  3.50 271A 10.00 832A  6.00 5800 VX-41 5.00 
3J21  35.00 272A  4.00 836  1.00 5801 VX-33A 3.00 
3J31...  50.00 274A  2.50 837  .90 5802 VX-32B. 3.50 
3K2I 125.00 275A  4.00 845  7.50 5803 VX-55 2.50 
31(22  125.00 283A 3.50 866A  1.75 5814A 1.50 
31(23 250.00 287A 2.50 872A  1.65 5824 2.50 
3K27 150.00 293A . 4.50 884  1.00 
3K30 50.00 3008 5.00 913  11.50 58291N 3.00 .  
3KP1   8.85 304TH 30.00 927  1.00 5836 . . 60.00 
4-65A  9.50 3047L 30.00 931A  3.00 5837.. . 60.00 
4-125A 20.00 310A  3.50 959  .50 5839.. 2.50 
4-250A 30.00 311A  2.50 10001 97.50 5840  2.00 
4-400A 32.50 313C  1.00 HY-1269  3.50 5845  4.85 
4-1000A. 85.00 : 323A  6.50 15001 150.00 5852  2.50 
4APIO 10.00 328A  2.50 1614  2.50 5854 1.50 
4831  12.50 329A  3.50 1619  .20 5876  7.50 
4832  7.50 336A  2.50 1620  4.00 5879  1.00 
4C35 15.00 337A  3.50 1624  .75 5881 '6L6WGII. 1.75 
4E27  7.50 339A  4.00 2050  1.25 5886  3.00 
4J52 25.00 347A  1.50 2051  .50 5894 15.00 

5896  1.50 
5899A  2.50 
5902  2.35 
5903  4.00 
5932 '6L6WGA  2.50 
5933 ,807W.   2.50 
5948 /1754...A50.00 
5963  .85 
5964  .75 
5965  1.00 
5975  2.00 
5977 (61(4A... 1 25 
5981/5650.... 25 00 
5992  2.00 
5993....   4 00 
6005 ,6A05W  1 75 
6012 75 
6021.... .... 2 00 
6012 12.50 
60 17 '0K-243 25 00 
6045  1 75 
6077 . . . 1.75 
6071.... .80 

1.00 
6080WA  4.00 
6080WB. 10.00 
6082. 3.50 
6087 5Y3WG7B 3.00 
6099. .. .75 
6100 '6C4WA .. 1.25 
6101 '6J6WA... 1.00 
6111A  2.00 
6112 . . 2.50 
6115 '0K-351 40.00 
6130'3C45 5.00 
6116 6AU6WA. 1.25 
6137 65K7WA. 1.50 
6146  3.50 
6152  4.50 
6186 ,6AG5WA  1.50 
6189 '12AU7WA 1.50 
6197 ..... 1.75 
6198 85.00 
6201 '12AT7WA 1.75 
6202 6X4WA  1.50 
6211  85 
6216.... 
6236 150.00 
6263  9.00 
6264  9.00 
6265  2.25 
6293  4.50 
6299 37.50 
6336  9.50 
6352  8.50 
6364 150.00 
6390 150.00 
6438  4.00 
6463  1.25 
6517 /01(3511..500.00 
6533  6.50 
6544 250.00 
6550  4.25 
6626/0A2WA  2.00 
6627/0112WA  2 00 
6655 40.00 
6754 10.00 
6897 18.75 
6901 10.00 
8005  5.00 
8013A  3.00 
8020  1.50 
8025  3.00 
9002  .30 
9005  3.00 

ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED 

Prices are FOR 

shipping point 
western eaglieers 

ELK GROVE, CALIFORNIA 
SUPPLIERS OF ELECTRON TUBES SINCE 1932 

Orders for less than 
$10 cannot be 

processed 

lab grade TEST EQUIPMENT for sale 
standard brands-military surplus 

(new or professionally reconditioned) 
experienced problem solvers and budget. 

cutters 
ENGINEERING ASSOCIATES 

434 Patterson Road Dayton 19, Ohio 

CIRCLE 466 ON READER SERVICE CARD 

HEAT DISSIPATING TUBE SHIELDS 
Below OEM cost. Made by IREC. 

All types in production quantities. 

Immediate delivery. 
Send for quotation. 

AT. 1-2700 
ASTRONETICS 
Red Bank, N. J. 

CIRCLE 467 ON READER SERVICE CARD 

CIRCLE 465 ON READER SERVICE CARD 

SUMMATION BRIDGE AN/URM-20 
1000-40oolie. RE Power measuring Boleneter 
Wheatstone bridge wattmeter. c o TS-731/URM 
Wattmeter & MX-18011/111M-20 Wave Guide Kit. 
New  $195.00 

TS-146/UP "X" band signal generator, RF therm-
istor bridge & freq. meter. Checked out .539.50 

3C22 UHF tlimle ose amp 54.95 

STANDARD LAB RECEIVER APR-4 
w/4 tuning units, 38-2200Mc checked out $259.50 

w/5 tuning units. 38-4000Mc checked out $389.50 

Write for Bargain Flyer 

R. W. Electronics 
2430 S. Michigan Ave. Chicago 16, III. 

CAlumet 5-1281 

CIRCLE 468 ON READER SERVICE CARD 
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SEARCHLIGHT SECTION 

MIT MODEL 9 PULSER 
1 MEGAWATT-HARD TUBE 

Output pulse power 25KV at 40 amp. Max duty 
ratio: .002. Uses 6C2I pulse tube. Pulse duration 
.25 to 2 microsec. Input 115 volts 60 cycle AC. 
Includes power supply in separate cabinet and 
driver. Fully guaranteed as new condition. Full 
Desc. MIT. Rad. Lab. series "Pulse Generators." 
Vol. 5 pg. 152. 

MIT MODEL 3 PULSER 
Output: 144kw (12ky at 12 amp). Duty ratio: .001 
max. Pulse duration: .5. 1 and 2 micro sec. Input: 
II5v 400 to 2000 cps and 24vdc. $325 ea. Full donc. 
Vol. 5 MIT Rad. Lab. series pg. 140. 

AN/AAs.6 Infrared Detection System 
complete. New $5500. 

AN /TPS- I D RADAR 
500 KW. 1220-1350 MCS. 160 nautical mile search 
range P.P.I. and A Scopes. MT1. Thyratron Mod. 
5126 Magnetron. Like new. Complete system incl. 
Spare parts and gas generator field supply. 

RADIO RESEARCH 
INSTRUMENT CO. 

550 

FIFTH AVE. 

NEW YORK 

JUDSON 

6-4691 

TS117/AP FREQUENCY METER 
10 cm, 2400 to 3400 rues calibrated Wavemeter 
with crystal mount and resonance meter. Mfg. 
Sperry. New. $149.50 each. 

CARCINOTRON 
Type CM 706A Fret. 3000 to 4000 mes. 
CW output 200 watts mim. Factory New. 

2C40 LIGHTHOUSE CAVITY 
AN/APWI1A transmitter cavity l'or 2C40. Com-
plete S band coverage at max. power. Temperatine 
comperr-ated. New $77.50 ea. 

AUTOMATIC TRACKING RADAR 
SCR 584 is in like new condition, ready to go, and 
in stock for immediate delivery. Fully Desc. MIT 
Rad. Lab. Series. Vol. 1, pp. 207-210. 238. 284, 

ANTENNA PEDESTAL 
SCR 584-MP 61B 

Full azimuth and elevation sweeps. 360 degrees in 
azimuth. 210 degrees in elevation. Accurate to 
mil, or better over system. Complete for full track-
ing response. Angle acceleration rate: AZ. 9 de-
grees per second squared EL.4 degrees per second 
squared. Angle viewing rate: AZ 20 degrees per 
sec. EL. 10 degrees per sec. Angle tracking rate: 
10 degrees per sec. Quantity in stock for immediate 
shipment. 
Complete description in McGraw-Hill Radiation 
Laboratory Series, Volume I, page 284 and gage 
209. and Volume 26. page 233. 

SAVE TIME & EXPENSE 
ON PURCHASING 

RELAYS 

OVER 

1,200,000 
RELAYS 

in 20,000 

DIFFERENT TYPES 

MOST MAKES 

• PRODUCTION QUANTITIES IN STOCK 

• DELIVERY ON OFF-THE-SHELF ITEMS 

WITHIN 18 HOURS. DELIVERY WITHIN 

ONE WEEK ON RELAYS REQUIRING 

ASSEMBLY AND/OR ADJUSTMENT 

WE DELIVER RELAYS 
NOT PROMISES 

SEND FOR CATALOG E 

niversa RELAY CORP. 
.12A White St.. New York 13. N. Y. • WAlker 5-9257 

CIRCLE 470 ON READER SERVICE CARD 

[14 VOLT-DC POWER SUPPLY I 
OBRAND NEW .. . IN ORIGINAL CASES• 

INPUT: 
115 Volts-60 
Cycles 

OUTPUT: 
14 Volts @ 2 
Amps 

Filtered and 
Completely Housed 

Excellent for 
Industrial, Lab and 
Institutional use... $1495 Complete 

F.O.B.-N. Y. 

Advance Electronics 
6 West Broadway • New York 7, N. Y. • REctor 20270 

CIRCLE 471 ON READER SERVICE CARD 

CIRCLE 469 ON READER SERVICE CARD 

WIREEI a 
CAN DELIVER 

• AMPHENOL 

• BENDIX 

• CANNON 

CONNECTORS 

FITTINGS & CLAMPS 

We stock more than 5,000,000 MS/AN 
CONNECTORS . . . of 50,000 variations! 

These include . . . 
“MS" (AN) 89 MRE 
"MS"-E DPD TBF 

U-79-U K-RK 
K-FW 126 GS 

In PRODUCTION QUANTITIES . . . we 
sell BELOW "0.E.M." PRICE ... and offer 
IMMEDIATE "OFF-THE-SHELF" DELIVERY! 

FREE. I Send for latest 

brochure and list 
price chart 

Wilgreen Industries, Inc. 
100 Warren Street, New York 7, N. Y. 

WOrth 4-2490-1-2 Wire: FXK 

CIRCLE 472 ON READER SERVICE CARD 

r• JANUARY SPECIAL • ALL NEW IN ORIGINAL 
BOXES 

3x2500F3 El MAC 
4x500A El MAC 
2NI22 T.I. 
2N389 T.I. 
2N339 Transitron 
2N545C Transitron 
1N263 Philco 
H D6094 Hughes 
HA7552 Hughes 
2N263 T.I. 
2N496 Philco 
2N495 Philco 

T.I. 
2N340 T.I. 
2N575A Honeywell 
1264 T.I. 
1408 T.I. 
K1416 Dumont 
1< 1420 Dumont 
MINIMUM ORDER 

$150.08 
90.00 
29.00 
30.00 
8.00 
19.00 
8.00 
4.00 
4.00 
12.00 
19.00 
6.00 
6.50 
8.00 
19.00 
3.50 
3.50 

225.00 
225.00 
S100.00 

Phone: 
WAlker 5.6000 

Cables: 
TELSERSUP 

See pages 594, 595 

of 1960 Electronics 
Buyers' Guide for a 

more complete listing 

LIBERTY 
ELECTRONICS 

INC. 
582 BROADWAY 
New York 12, N. Y. 

CIRCLE 473 ON READER SERVICE CARD 

100 Wire Wound Resistors 
Various Mfg. 

50 Potentiometers 
(Top U.S. Mfg'er) 

25 Values 

100 Potentiometers 
(Top U.S. Mfg'er) 

50 Values 

100 Potentiometers 
(Well Known Mfg'ers) 

50 Values 

$15.00 

$25.00 

$10.00 

50 Miniature Potentiometers 
12 Values-20 to 250 K $15.00 

100 Assorted Precision Resistors 
W w & carbon 

50 Values I% $5.00 

100 Glass Sealed Condensers 
(Well Known Mfg'ers) 

50 Values $15.00 

50 Values $5.00 

25 Selenium Rectifiers 
65 to 250 MA 

25 to 250 Volts 
12 Values $7.50 

Inquiries invited for large quantities. 

Payment with order-Will ship prepaid 
Calif. Add Sales Tax. 

HARRY METZ 
ELECTRONICS EQUIPMENT BOUGHT 

AND SOLD 

1611 SOUTH VERMONT AVE. 
LOS ANGELES 6, CALIF. • RE 4-0363 

CIRCLE 474 ON READER SERVICE CARD 

BRAND NEW SURPLUS 
IS. Fluxmeter  $79.50 ea. 

Lots of 5. S65.00 ea. 

Ball Disc Integrator-W. E. KS-8924 
(Identical to Beckman Model BD 1.1).. 39.50 

PRD 65013 Power Bridge  210.00 

PRD 644 Thermistor Mount  62.50 

PRD 645 Thermistor Mount  47.50 

PRD 504 Heterodyne Frequency Meter.... 550.00 

Winslow Model 5G-1000 Megohmeter  129.50 

AN/UPM.33 Spectrum Analyzer  995.00 

AN/UPM-11 Range Calibrator  1250.00 

Phaostron Model 777 VTVM (leather case) 52.50 

Homelite Generator output 115 VAC 1 
phase 400 cycle 39A-and 28 VDC I7.9A 
-1000 RPM Self-excited with control panel 
and 3 groove pulley  165.00 

Immediate delivery from stock. Typical bar-
gains from our regularly Issued bulletins avail-
able on request. 

LECTRONIC 
RESEARCH LABORATORIES, INC 

715-E ARCH STREET • PHILADELPHIA 6, PA. 
PHONES - MArket 7-6771-2-3 

CIRCLE 475 ON READER SERVICE CARD 

Large stock of 400 cycle generators, variable fre-
quency, variable voltage, and control panels, also 
large stock of rectifiers, any voltage, any current. 
Dept. A-Builders of special testing equipment. 
All types of instruments and meters repaired. Write 
tor catalogs. 

RELIABLE ELECTRIC MOTOR REPAIR CO., 
INC. 

19-21 California Ave. Paterson, N. J. 

CIRCLE 476 ON READER SERVICE CARD 

Glass Infrared Light Source Filters 
ATTENTION MANUFACTURERS!! ctn., 1 
!ern 5Iiiit" din. by it" thick. Used with iniundescent 
lamps to filter out all visible light while freely pasi-i• 
ing Infrared. Excellent for Invisible Light photoelec-
tric applications. Stost advanced torte yet effeee'i• 
Brand New, In original packing. Gov't cost $8.27 
each. Our low price only Iiie each for entire lot et 
in,000 'doves. 

McNEAL ELECTRIC 8, EQUIPMENT CO. 
4736 Olive Street si. Louis 8, Mo. 

CIRCLE 477 ON READER SERVICE CARD 
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INDEX TO ADVERTISERS 

Audited Paid Circulation 

*AMP Incorporated   80 Dorsett Electronics Laboratories, Inc. 58 

*Acme Electric Corporation  137 'Dow Corning Corp.  55, 56, 57 

Aeronautical Communications *Driver Co. Wilbur B.  107 
Equipment, Inc.   16 

Aero Space Corp  78 

Air Express   50 

*Allied Control Company, Inc.   63 

*Alpha Wire Corp.  48 

•American Machine & Foundry Co. 
Potter & Brumfield Div.  

Ampex Instrumentations Products 
Co.   8 

•Amphenol-Borg Electronics Corp. 
Connector Division   9 2 

Anaconda Wire & Cable Co.  44, 45 

Applied Physics Laboratory, The  66 

Armour Research Foundation  125 

Astro Power, Inc.  46 

•Baird-Atomic, Inc.   54 

*Ballantine Laboratories, Inc.  9 

*Barnstead Still & Sterilizer Co  14 

Beattie-Coleman Inc.  148 

*Behlman Engineering Co.  27 

*Belden Manufacturing Co.  73 

Bell Telephone Laboratories  77 

*Bendix Corporation 
Eclipse-Pioneer Div.   122, 123 
Red Bank Tubes  2 
Scintilla Division   115 

Boesch Mfg. Co. Inc.  110 

*Borg Equipment Div. Amphenol-Borg 
Electronics Corp.   76 

Brand-Rex, William, Division Ameri-
can Enka Corp.   28 

Bressler Associates   130 

"Brush Instruments, Division of 
Clevite Corporation  17. 18 

C B S Electronics  53, 67 

California Technical Industries.... 21 

Cannon Electric Co.  59 

*Celco-Constantine Engineering Labs. 147 

*Centralab, The Electronics Div. of 
Globe Union Inc.  13 

Cetron Electronics Corp.  e 6 

Clare Transistor Corp., E. P.  103 

*Clevite Transistor, a Div of Clevite 
Corp.  34. 35 

Computer Equipment Corp.  126 

Conant Laboratories   64 

*Consolidated Resistance Company of 
America, Inc.   132 

*Constantine Engineering Laboratories 
Co.   1 17 

"E S C Corporation   

121 * Electro Motive Mfg. Co., Inc.  

*Electronics   

*Electronic Instrument Co., Inc. 
(EICO)   

Espey Mfg. & Electronics Corp • • • 

Eylet Tool Co.  

64 

119 

125 

127 

72 

58 

*FXR, Inc.   3 

*Fairchild Semiconductor Corp.  39 

Garrett Corporation, The  127 

"Genes al Electric Co. 
Apparatus   79 
Heavy Military Electronics Dept  43 
Semiconductor Pdts. Dept.....74, 75 

"General Magnetics. Inc   128. 129 

•Gudebrod Bros. Silk Co., Inc.  128 

Helipot Division of Beckman 
Instruments Incorporated   132 

*Hewlett Packard Co. 2nd Cover 

*Hill Electronics Inc.  124 

Hitachi, Ltd.   70 

Honeywell, Meter Division  37 

Institute of Radio Engineers  130 

*International Telephone & Telegraph 
Corp., Components Div.  109 

*Jettron Products Inc.  38 

Jones, H. B., Division Cinch Mfg. Co. 132 

* See Advertisement in the July 20, 1960 issue 

of Electronics Buyers' Guide for complete line of 

products or services. 

a spot is a spot 
is a high 

resolution spot 
with 

CELCO YOKES 
• Celt( YOKES 
keep spots smallest 

• taco YOKES 
keep spots roundest 

• Celt() YOKES 
keep spots sharpest 

BM/ 

Use a CELCO DEFLECTION YOKE for 
your high resolution applications. 

In a DISPLAY SPOT? call Celto! 

el•etcuttúte Effijei•teete«.9 
Zaecitatateed 

Main Plant: MAHWAH, N. J. DAvis 7-1123 

• Pacific Division - Cucamonga, Calif. - YUkon 2-2688 
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JUST 10 
SECONDS 
for Polaroid® Prints 

with this BEATTIE 

OSCILLOT 

Always FIRST 
with the Best in 

oscilloscope cameras 

FIRST with direct binocular view-
ing of CRT while recording with 
direct photography. No mirrors. 
Non-reversed image and non-
reversed viewing. 

FIRST split-image range finder. 
FIRST positive detent multiple. 

exposure spacing bar. Records 
10 traces on a single frame. 

FIRST snap-on ground glass focus-
ing panel. Locks in place. 

FIRST swing-out, lift-off mounting. 
FIRST lensette attachment. 
Adapts camera to table top 
photography. 

FIRST 115V AC shutter actuator. 
FIRST super-size viewing hood. 

Permits use with glasses. 
FIRST modular, building-block de-

sign. Adaptable to any 
requirement. 

Beattie Oscillotrons are industry's 
first choice because they've al-
ways led in advanced design and 
reliability. There's a model for 
every need. Write today for 
brochure. 

'Polaroid" by Polaroid Corp. 

BEATTIE-

COLEMAN 

INC. 

1000 N. OLIVE ST., ANAHEIM, CALIFORNIA 
BRANCH:437 FIFTH AVE., NEW YORK, N.Y. 

*Kay Electric Co   23 

Kewaunee Scientific Equipment  139 

*Kintel, A division of Cohu Electronics 
Incorporated  3rd Cover 

Kyoritsu Electrical Instruments  137 

L & R Manufacturing Co, Inc.   6 1 

Lesa of America  ris 

Lockheed 
California Division   1 1 3 

Missiles & Space Division .... 68, 69 

Mallory and Co., Inc., P. R.  117 

*Markem Machine Co.  112 

*McCraw-Hill Book Co.  148 

*Mico Instrument Co.   127 

*Microdot. Inc.   47 

*Micro Switch   111 

*Minneapolis-Honeywell Reg Co. 
Heiland Div.   69 

Minnesota Mining & Mfg. Co. 
Mincom Division   41 

Mitsumi Electric Co., Ltd.  139 

*Motorola Semiconductor Products, 
Inc.   6-, 

Mullard Ltd.   5 

*Panoramic Radio Products. Inc 71 

'Potter and Brumfield Div, American 
Machine & Foundry Co   121 

Precision Tube Company  138 

*Radio Corporation of America. .4th Cover 

,Raytheon Company   5 

Sarkes Tarzian Inc.  42 

Semiconductor Specialists, Inc 130 

Siegler Corp. The  31 

*Sierra Electronic Corp.   10 

*Sigma Instruments. Inc.  116 

*Southern Electronic Corp   149 

Space Technology Laboratories, Inc. 15 

Sprague Electric Co  20, 32, 33 

Stackpole Carbon Co   51 

Standard Electric Time  106 

*Sterling Transformer   140 

*Trio Laboratories, Inc   

Trygon Electronics, Inc.  

*Tung-Sol Electric, Inc.  

40 

135 

105 

* See Advertisement in the July 20, 1960 issue 

of Electronics Buyers' Guide for complete line of 

products or services. 

Just Out 

ADAPTIVE 
CONTROL SYSTEMS 

Edited by E. MISHKIN and L. BRAUN, Jr. 
Polytechnic Institute of Brooklyn 

Brings you valuable reference on 
important advances in feedback 
control systems—specifically in 
adaptive systems. Comprehensively 
treated are linear systems; analysis 
and design of nonlinear systems: 
adaptive and computer controlled 
adaptive systems; and digital tech-
niques, decision theory, and the 
analysis of competitive and queue-
ing systems. Prepared by a Staff of 
Experts. 555 pp., 379 illus., $16.50 

MODERN MATHEMATICS 
FOR THE ENGINEER 

Just Out. Mathematical topics that 
have new application in science and 
engineering. By E. Beckenbach, Univ. 
of Calif. Vol. II. 480 pp.. 57 illus., $9.50 

ELECTROMAGNETIC 
FIELDS AND WAVES 

Just Out. Explains mathematics and 
basic physics for solving electrical 
problems. By R. Langmuir, Calif. 
Inst. of Tech. 227 pp., 77 illus., $9.75 

LINEAR SYSTEM ANALYSIS 
Just Out. Treats fundamentals for 
analysis of discrete-parameter time-
invariant linear systems. By P. Pfeif-
fer, Rice Institute. 525 pp., 221 illus., 

$12.50 

ULTRASONICS 
Just Out. Practical guidance in to-
day's design techniques and applica-
tions of ultrasonics. By B. Carlin, Circo 
Ultrasonics Corp. 2nd Ed. 309 pp., 263 
Illus.. $11 -50 

ELECTRONICS AND 
NUCLEONICS DICTIONARY 

Just Out. Defines over 13,000 terms in 
electronics and nucleonics. By N. 
Cooke, Cooke Engrg. Co., and J. Mar-
kus, McGraw-Hill Book Co. 542 pp. 
452 illus., $12.00 

NAB ENGINEERING HANDBOOK 
Pacts and practices that help you 
handle virtually any problem in broad-
cast engineering more effectively. 
Edited by A. Walker. NAB. 5th Ed. 
1728 pp., 1306 illus., $27.50 

Free Examination Coupon 
McGraw-Hill Book Co.. Dept. L-I-I3 
327 W. 41st St., New York 36. N. Y. 
Send me book(s) checked below for 10 days' ex-
amination on approval. In 10 days I will remit 
for book (s) I keep plus few cents for delivery costs. 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 
imam privilege.) 

Mishkin & Braun—Adaptive Con. Sys.—$16.50 
O Beckenbach—Modern Math, for the Eng.—$9.50 

Languatir—Elec. Fields & Waves-89.75 
Pfeiffer-1_1n. Sys. Anal.—$12.50 

O Carlin—Ultrasonics-811.50 
13 Cooke & Markus—Elec. 8. Nucl. DIct.—$12.00 
13 NAB—NAB Engrg. Hdbk.—$27.50 

Name   

Address   

City   Zone. State  

Company   

Position   
For price and terms outside U. S. 
write McGraw-Hill Intl., N.Y.C. 36 L-1-13 
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first 
choice of 

all 4 

research 

design 

production 

management 

Because the 
BUYERS' GUIDE 
satisfies the 
buying and specify-
ing needs of all 
four segments of the 
industry! Gives more 
information in less 
space. Easier to use. 
Only the 

BUYERS' GUIDE 
has been screened for 
usefulness over a 20 year 
period ... comes to you 
compact, complete 
and accurate. 

gives more to all 4! 

electronics 
BUYERS' GUIDE 

and REFERENCE ISSUE 

United Shoe Machinery Corp..... 3.1, 1 0 1 

Unitek, Weldmatic Division  131 

*Vitramon, Inc.   7 

*Western Devices. Inc.   129 

*Westinghouse Electric Corp..... 6 0. 61 

Weston Instrument   4 9 

Worklon   140 

*See Advertisement in the July 20, 1960 issue 

of Electronics Buyers' Guide for complete line of 

products or services. 

CONTRACTS 
Lifschultz Fast Freight  140 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT 
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ADJUSTABLE 
PRECISION POLYSTYRENE 

CAPACITORS 

.01% accuracy 

hermetically sealed 

SOUTHERN ELECTRONICS hermetically 
sealed precision adjustable capacitors 
are finding many applications in analog 
computers, network tuning circuits, 
differential analyzers and similar electronic 
circuitry that requires the utmost in 
accuracy and reliability. 

SEC has pioneered in the design and 
manufacture of hermetically sealed 

adjustable capacitors, and this experience 
has resulted in a .01% accuracy standard, 
and a degree of in-circuit-reliability 
not previously available at any price. 

SEC adjustable capacitors incorporate 
features proven to be years ahead of any 
comparable product now available. 

GENERAL SPECIFICATIONS 

Available from .01 mfd. to 10 mfd. 
Accuracy: .01% 
Long Term Stability: 0.03% 
Temperature Coefficient: —100 PPM per °C 
Temperature Range: —40°F to +140 F 

Write today for complete specifications 
and general catalog. 
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We Do Our Part 

Our reader service cards are intended to be 
exactly that—a service to our readers. At the 
same time they facilitate the seller-buyer re-
lationship of advertiser and engineer. 
Now and then we receive a letter from an 

ELEcrizox (.›, reader complaining that his re-
quest for information has not resulted in a 
reply from the manufacturer concerned. This 
we genuinely regret, and at the same time 
hasten to point out that we forward readers' 
names and addresses to manufacturers daily, 
provided cards are received within sixty days 
of the issue date. 
The balance of the responsibility rests 

with the manufacturer concerning whose 

product or service you may have enquired. 
We urge manufacturers to process inquiries 

promptly and efficiently. Nevertheless, with 
the large bulk of mail involved, there can be 
an occasional and unintentional omission. 
Therefore, if you do not receive a reply within 
a reasonable time we urge you to write di-
rectly to the manufacturer. 

To our foreign subscribers a further sug-
gestion: As you know, our postage-free cards 
are not usable beyond the continental limits 
of the U.S.A. and possessions. Therefore, a 
stamp MUST be affixed. Why not use an Air 
Mail stamp? It will hasten the receipt of the 
information you seek. 
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BRUCE A. WINNER, 

Advertising Sales Manager 

R. S. QUINT, Assistant Advertising Sales Man-
ager and Buyers' Guide Manager; FRED 

STEWART, Promotion Manager; RICHARD J. 
TOMLINSON, Production Manager; GEORGE 

E. POMEROY, Classified Manager; HUGH J. 

QUINN, Circulation Manager. 

ADVERTISING REPRESENTATIVES: NEW YORK 

Donald H. Miller, Henry M. Shaw, George F. 
Werner; BOSTON William S. Hodgkinson, 

Donald R. Furth; PITTSBURGH David M. 

Watson; PHILADELPHIA Warren H. Gardner, 

William J. Boyle; CHICAGO Harvey W. 
Wernecke, Martin J. Galley; CLEVELAND 

P. T. Fegley; SAN FRANCISCO T. H. Carmody, 
R. C. Alcorn; LOS ANGELES D. A. McMillan, 
Marshall Freeman; DENVER J. Patten; 

ATLANTA M. Miller; DALLAS Robert T Wood; 

LONDON Edward E. Schirmer; FRANKFURT 
Stanley R. Kimes; GENEVA Michael R. Zeynel. 

BRANCH OFFICES: National Press Bldg., Wash-

ington 4, D.C.; McGraw-Hill Bldg., Copley 
Square, Boston 16; Four Gateway Center, 
Pittsburgh 22; Six Penn Center Plaza, Phila-

delphia 3; 520 North Michigan Avenue, Chicago 
11; 55 Public Square, Cleveland 13; 68 Post 

Street, San Francisco 4; 1125 West Sixth St., 
Los Angeles 17; 1740 Broadway, Denver 2; 1301 

Rhodes-Haverty Bldg., Atlanta 3; 901 Vaughn 
Bldg., Dallas 1; McGraw-Hill House, London 

E.C.4; 85 Westendstrasse; Frankfurt/Main; 2 
Place de Port, Geneva. 
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(picture of a KIN TEL differential amplifier at work) 

6 volts of 60% common-mode noise and 

6 millivolts of signal in here 

‘ er 

2 microvolts of 60% noise (equivalent input) 

and 6 volts of signal out here 

If you measure the output of thermocouples, and the thermocouples are 
bonded to a rocket engine or almost any other grounded object, and the 
distance between thermocouples and amplifiers is more than a few 
feet, you should consider the above illustration carefully. While we'll 
admit your thermocouples probably aren't producing square waves, nine 
chances out of ten you do have a problem with 60-cycle common-mode 
noise. Nearly everybody does. 
What can be done about it? Well,KIN TEL differential amplifiers reject 

ruinous 60-cycle common-mode hum and noise by a factor of 3,000,000 
to 1 with any unbalance up to 1000 ohms in series with either side of the 
input, 1,000,000 to 1 with 10,000 ohms unbalance. Rejection for DC is 
practically infinite and both input and output can be floated up to ± 300 
volts DC or peak AC. The secret of this exceptionally high common-mode 
rejection in the presence of high input unbalance is isolation. Input signal 
terminals are isolated from chassis ground by 10,000,000 megohms and 
0.6 micromicrofarads. Input and output signal terminals are completely 
isolated from each other. Output signal terminals are isolated from 
ground to almost the same extent as the input.With this virtually perfect 
isolation, you can rescue microvolt level signals from volts of common-
mode noise, regardless of whether load and transducer are floating or 
grounded, balanced or unbalanced. 

Before you send us that letter...the input scope photo is a double exposure. The 
square wave input signal was taken with the scope connected across points 1 and 2 

(see drawing below) with 5 my/division sensitivity. To show the noise, the scope 
was connected between points 2 and 3, and sensitivity was 1 y' division. The scope 

on the output was set for 1 y/division sensitivity and, of course, no noise is evident. 

8 
Square 
Wave 
Gen. 

60" Common 
Mode Voltage 

Source 

 •  
Ampldier Case 

(Chess. Ground) 

Specifications other than common-mode rejection 
are equally impressive. Linearity is 0.01% of full 
scale (10 volt) output for either polarity, 0.02% 
of full scale for plus-to-minus or minus-to-plus 
polarities. Equivalent input drift is less than 2y.v; 
noise at full amplifier bandwidth is less than 6gv. 
Input impedance is 30 megohms, output imped-
ance less than 0.25 ohms. Standard bandwidth is 
less than 3 db down at 80 cps, and the amplifier 
settles to within 99.9% of final value within 50 
milliseconds for an output change of 5 volts. Plug-
in input and output filters allow bandwidth op-
tions from 3 cps to 120 cps, transient response 
as good as 25 milliseconds. Gain is 10 to 1000 in 
5 steps. A front panel vernier control provides 1 
to greater than 3.3 times continuous adjustment of 
each gain step. Gain stability is -± 0.05%. Output 
capability is 10 volts at 10 milliamps. Amplifiers 
have integral power supplies. Enclosures include 
six-amplifier and single-amplifier 19-inch rack 
modules, and portable single amplifier cabinets. 

To meet your exact requirements at minimum cost, two 
models are now available: the 114A at $775, and the 114C 
(described) at $875. Delivery on both models is currently 
from stock. Write for detailed technical data or a demon-
stration. Engineering representatives in all major cities. 

KIN TEL 
ets cos, Slc=leM ow 

COHU 
EL-ECTIRCDIVICS, 

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



New Ultra-High-Speed Ferrite Core 
For Simplified Memory Plane Construction 
Now RCA Offers TWO Memory Cores for 
Impulse Switching to 0.2 Microsecond 

New RCA memory core XF4930 joins the RCA 400M1 ni adding new flex-

ibility to memory system design. Specifically developed for operation under 

impulse switching conditions in magnetic memory systems. XF4930 switches 

in 0.25 microsecond and provides excellent discrimination at relatively low 
driving currents. 

The larger size of the XF4930. providing more than twice the effective 

aperture size of the RCA 400M1, permits simpler and more economical fabri-
cation of memory planes. 

Systems Engineering Servire: Your local RCA field representative is pre-

pared to furnish a completely coordinated application service. covering tran-

sistors and other semiconductor devices. ferrites, and memory systems. Call 
him today. 

S.? 

Thc Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

r. MOIlY SYSTEMS 

Nominal Operating 
Characteristics At 25 C 

Type 
XF4930 

Type 
400M1 Units 

Read Driving Current (10 570 380 ma 

Full Write Current (kw) 255 280 ma 

Impulse Write Current (liu) 130 180 ma 

Digit Write Current (I'm ) 125 100 ma 

Read Pulse Rise Time lta 0.1 0.1 ¿*sec 

Full and Impulse Write 
Current Rise Time (ta 0.1 0.08 µsec 

Digit Write Pulse Rise Time 0.1 0.15 IÁSSIC 

Switching Time (il 0.25 0.2 13513C 

Response: 
-Undisturbed Read•1". luVii. / 100 50 mv 

"Disturbed 0" (dVo 15 8 mv 

Size .050..030x.015 030s.018x.010 inch 

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES 

EAST. 764 brood Street. Nara. N. J., MUrn bold. 3 3900 • 731 Earner Street. Room 402. 54... 

3. New York. GRamre 5591 • NORTHEAST: 64 Street. Needham Ple:ghtt 94. Akan. 1111krest 

4.7200 • EAST CENTRAI: 714 New Ceoter $ldg. Clanx., 2. Mich, Iltinity 5.5600 • CENTRAL: 

Suile 1154, Merchondike Mori Plena. Chicago. IIl. WHitehall 4.2900 • P.O. lloa 6406, Si teuis 

Pork Branch, Eninneopolik, mine.. Meta 9.1249 • WEST. 635$ E. Wothington *yd.. let Angeles. 

RAymond 3-8361 • 1838 El CorninO geol. Buri.noome.CoI,l. Oklord 7-1620 • SOUTH: 

Colmar Building, In° Edgourornr Sede I. Orlando, Florid, GA... 1.1768 • SOUTHWEST: 

7905 Empire heaves. Doll. 7, Tem. fleet.00d 7 8167 • GOVT.: 224 N. Wilkie., $in 

Dayton, Ohio, 8Aldmin 6.2366 • 1725 "K- Street. N.W.. Wahine., D.C., Moroi 7.8500. 
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