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Audio, 
telemetry 
and 
low frequency 
oscillators 
Pictured here are six of the most widely used oscillators 
in electronics. All employ the highly stable, dependable, 
accurate resistance-capacity circuit. They require no zero 
setting. Output is constant, distortion is low and frequency 
range is wide. Scales are logarithmic for easy reading; all 
are compact, rugged and broadly useful basic instruments. 
Brief specifications are given below; call your e rep for 
demonstration or write direct for complete data on any 
instrument. 

Model Frequency 
Range 

Cali- 
hration 
Accuracy 

Output to 
600 ohms 

Recom-
mended 
Load 

Maximum 
Distortion 

Max. Hum 
& Noise , 

Input 
Power Price 

200AB 
20 cps to 
40KC 

(4 bands) 
±2% 1 watt 

(24.5 v) 
600 ohms 

1% 20 cps 
to 20 KC 
2% 20 KC 
to 40 KC 

,., ,,,,,, 
"-- ' ' 

70 
watts $150.00 

200CD 
5 cps to 
600 KC 

(5 bands) 
-±2% 160 mw 

10 volts 600 ohms' 

0.5% below 
500 KC 

1% 500 KC 
and above 

0.1% 75 
watts $170.00 

2001 
6 cps to 
6 KC 

(6 bands) 
--4-1%t 160 mw 

10 volts 600 ohms' 0.5% 0.1% 110 
watts 

$300.00 

2001 
250 cps to 
100 KC 

(5 bands) 
--I-1%t 160 mw 

10 volts 600 ohms' 0.5% 0.03% 160 
watts $450.00 

201C 
20 cps to 
20 KC 

(3 bands) 
4-1%1 3 watts 

(42.5 v) 
• ' 600 ohms 0.5%$ 0.03% 75 

watts 
$225.00 

202C 
1 cps to 
100 KC 

(5 bands) 
-1- 2% 

160 mw 
10 volts 600 ohms • 0.5%§ 0.1% 

75 
watts $300.00 

• Internal impedance is 600 ohms. Frequency and distortion unaffected by load resistance. 
Balanced output w.th amplitude control at 100. Use line matching transformer for other con-
trol settings. — In ernal impedance approximately 600 ohms with output attenuator at 10 db 
or more. Approximately 75 ohms below 5000 cps with attenuator at zero. +Internal, non-op-
erating controls permit precise calibration of each band. 10.5%, 50 cps to 20 KC at 1 watt 
output. 1.0% over full range at 3 watts output. §0.5%, 10 cps to 100 KC. 1.0%, 5 to 10 cps. 
2.0% at 2 cps. 3.0% at 1 cps. fMeasured with respect to full rated output. 

HEWLETT-PACKARD COMPANY 
1015A Page Mill Road • Palo Alto, California, U.S.A. 

Cable -FIEWPACK" • DAvenport 5-4451 

Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva, Switzerland 

Cable -HEWPACKSA - • Tel. No. (022) 26. 43. 36 

Field representatives in all principal areas 6036 

Ap 200AB 
Audio Oscillator 

if 200CD 
Wide Range 
Oscillator 

er 2001 
Interpolation 
Oscillator 

200T 

Ili Telemetry Oscillator 

hf 201C 
Audio 
Oscillator 

ly 202C 
Low Frequency 
Oscillator 

# pioneered the world-famous resistance-capacity oscillator circuit 
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THE RAW MATERIALS OF PROGRESS 

FLUOREL 2141 
BRAND ELASTOMER 

Its Mooney Scorch Rating is ideal for the fluorinated rubber 
processor because it makes possible fast, more economical cures 
with fewer defects, less scrap, fewer rejected parts. Material 
can be reprocessed with greater safety. 

A SIGNIFICANT BREAKTHROUGH in elastomer processing has been 

made possible by 3M research through development of its 
new FLUOREL 2141 Elastomer. 

This remarkable new product has a Mooney Scorch Rating 
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MOONEY SCORCH CURVE for FLUOREL 2141 
Brand Elastomer. 

outstanding among fluorinated elastomers. The range per-
mits the rubber processor to achieve fast, more economical 
cures with fewer defects, less scrap and fewer rejected parts. 
The inherent safety of FLUOREL Elastomer 2141 allows 

repeated reprocessing to produce high quality parts that 
meet military specifications or other critical end uses. 

At the same time, the outstanding physical qualities of the 
elastomer are retained. They include: non-combustibility, 
excellent resistance to corrosive chemicals, fuels, solvents 

and ozone, minimum compression set, rated for continuous 
service at 400° F., and the ability to tolerate 600° F. tempera-

tures for reduced periods under certain service conditions. 

If you use or work with elastomeric materials, it will pay 
you to examine the remarkable features of this new product. 
Examine, too, your present rubber products with an eye 
toward increasing their life and quality through use of 
FLUOREL 2141 Elastomer. For complete data, write today 
on your company letterhead to: 3M Chemical Division, 
Dept. KAX-60, St. Paul 6, Minnesota. 

FLUOREL 2141 "0" ring, bottom. Note freedom from defects 

because of the improved scorch characteristics of FLUOREL 
Elastomer "0" ring as opposed to elastomer at top of 
photograph. 

"FLUOREL" Is a reg. T.M. of 3i4 Co. 

CHEMICAL DIVISION 
M INNESOTA M INING AND M ANUFACTURING COMPANY I" 

... WHERE RESEARCH IS THE KEY TO TOMORROW CO MPANY 
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Practical load line indicates operation with optimum stability 

Hoffman design-aid series 

FOR THE HIGHEST 
0/1 VOLTAGE RATIO, 
SPECIFY HOFFMAN 

SILICON 
TUNNEL DIODES 

With a voltage ratio as high as 7.0, the 
Hoffman silicon tunnel diode outperforms 
all other tunnel diodes in high-speed switch-
ing ... as this table of valley-to-peak volt-
age ratios shows: 

Hoffman silicon tunnel diode 
6.3-7.0* 

germanium tunnel diode 
4.3-6.4** 

gallium arsenide tunnel diode 
3.8-4.5** 

*By actual test, — As advertised 

• HIGH TEMPERATURE STABILITY 
From —85°C to +200°C. 

• RUGGEDNESS 
Made to withstand severe shock, vibration, 

acceleration, nuclear radiation. 
• UNIFORMITY 

All characteristics carefully controlled by 
advanced manufacturing techniques. 

• RELIABILITY 
Not only are these silicon devices, they 

are made by Hoffman—the world's leading 
specialist in silicon semiconductor 

technology. 
Write for TIB 125-360-HT 

10 TYPES AVAILABLE IMMEDIATELY FROM 
DISTRIBUTORS OR FACTORY IN QUANTITY 

I loll man 
ELECTRONICS 

CORPORATION 

Semiconductor Division 

1001 Arden Onve. El Monte. California 

TWX: El Monte 9735 

Plants: El Monte, Califorma and Evanslon, Illinois 
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CROSS TALK 

MICROWAVES. Our Sept. 1935 issue carried a two-page report of a 
10-cm "mystery ray" system developed by Telefunken in Berlin that was 
capable of locating aircraft through fog, smoke and clouds. "Rumor 
indicates," the article continued, "that U. S. and Italian armies are 
experimenting with similar system, declared to revolutionize war tactics". 

Since this first brief discussion of the forerunner of radar, ELECTRONICS 
has kept its readers abreast of the growing microwave industry with 
reports of significant component and system developments. The Special 
Report by Associate Editors Carter and Solomon in this issue is intended 
to give you a picture of the state of the art and the trends in this dynamic 
field. 

MOSCOW MEETING. Next Monday the first congress of the Inter-
national Federation of Automatic Control gets underway in Moscow. The 
meeting will continue through July 7. Among those attending will be 
some 150 Americans. In all, 700 to 800 delegates from about 30 countries 
are expected. 
A total of 285 papers will be presented, including 81 by Soviet Union 

delegates and 73 by United States experts. About half of all the reports 
will be devoted to the theory of automatic control, the rest to the technical 
means and methods of introduction of automatic devices. Ernest Conine, 
chief of the McGraw-Hill World News bureau in Moscow, is keeping a 
close reportorial eye on this major international event, as you can see 
from his story on p 34. 

OCEANOGRAPHIC. Less is known about the bottom of the ocean than 
the surface of the moon. • In order to learn more about the ocean floor, 
underwater camera systems like those described by H. E. Edgerton and 
S. O. Raymond in our April 8 issue 1p 621 have been developed. In this 
week's issue, Edgerton describes the sonar pinger equipment used in 
positioning a camera at any distance from the bottom with a precision 
of approximately one meter. Edgerton, who is a professor of electrical 
measurements at MIT and vice president and chairman of the board of 
directors of Edgerton, Germeshausen & Grier, in Boston, has been con-
cerned with the problem of underwater flash photography and stroboscopy 
for several years. 

Coming In Our July 1 Isne 

SEMI-ANNUAL INDEX. In its role of authoritative technical and indus-
trial journal, ELECTRONICS publishes a huge amount of high-quality 
editorial matter each year. Most of this material is timely, yet it often 
retains its usefulness for months, even years after it appears. Until now, 
we've indexed it annually. 

Beginning with the July 1 issue, as a new service to our readers, *e 
are initiating a semi-annual index. We believe this will be an invaluable 
aid to researchers, busy engineers and industrialists, and we've tried 
make it the most complete and comprehensive ELECTRONICS index ever. 
Next week's index contains 136 topic headings and several thousand 

entries on articles that have appeared in our pages between January 1 
and June 24, 1960. Some of the topic headings have never appeared before, 
giving graphic evidence of the dynamic growth of our industry. New 
headings such as Magnetohydrodynamics, Biophysics, Oceanography, 
Superconductors, Meteorology and Information Retrieval indicate h w 
ELECTRONICS now ranges even farther afield to cover the industry in dep . 
The second half-year index will appear in our December 23 issue. 

Audited Paid Circulation 
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For Portable Communication... 

NEW RAYTHEON CK7246 

- 1.25 VOLT SUBMIN TRIODE 

OPERATES TO 500 MC. 

This Raytheon filamentary subminiature triode' 
was developed under U. S. Signal Corps contract, 
and is now commercially available for use in 
battery-operated communications equipment. 
Circuit applications include: 

• Superregenerative detector 

• High frequency oscillator 

• Class C amplifier 

• Frequency multiplier 

• Mixer 

TYPICAL OPERATING CHARACTERISTICS 
Class A Amplifier 

Filament voltage (dc) 1  25 V. 
Filament current 150 ma. 
Plate voltage 105 v. 
Plate current 4.5 ma. 
Grid voltage —2.5 v. 
Transconductance 2700 ilmhos 
Amplification factor 22 

TYPICAL OPERATING CONDITIONS 
420MC. Superregenerative Detector 

Filament Voltage DC 1.25 v. 
Filament Current 150 mA. 
Plate Voltage (5+) 105 v. 
Plate Current 4  5 mA. 
Sensitivity   5 to 10 1.N. 

TYPE 7246 — 420MC. SUPERREGENERATIVE DETECTOR 

*Adjust position of antenna for maximum sensitivity 

All Dimensions Are Approximate 

Small order and prototype quantities available directly from your local Raytheon electronic parts distributor 

RAYTHE DID Sales Offices: Boston • New York • Chicago • Los Angeles • Baltimore • Cleveland • Dallas • Orlando 

ON 

Government Soles, Boston • Dayton • Washington 

RAYTHEON COMPANY Industrial Components Division 55 CHAPEL STREET, NEWTON 58, MASSACHUSETTS 
electronics • JUNE 24, 1960 CIRCLE 5 ON READER SERVICE CARD 5 
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AIRPAX 
EXPANDED-SCALE 

FREQUENCY 
METERS 

TYPE 5907 for use on 

400 CPS supply sources 

TYPE 5908 used on 

60 CPS power source 

Se23 

C P S 

tiplir 

These highly accurate, dependable Frequency 

Meters by Airpax, are completely self-contained. 

Connection is simple. Two meter terminals pro-

truding from back of case connect directly across 

100 - 130 volt source. Airpax MAGMETER B. fre-

quency sensing circuit is insensitive to voltage 

variations, responding only to frequency changes. 

The 41/2 inch meter, with mirror scale and com-

bination pointer permits "quick look" indication 

at a distance and precise "close up" readings. 

Extension behind panel is approximately 21/2 

inches. Power consumption is less than 5 watts. 

Overall accuracy of frequency reading is 0.1% 

or .4 cycle in the 400 CPS model. 

Ask for Bulletin F-06 

AIRPAk 
ELECTRONICS 

P 

SEMINOLE DIVISION • FORT LAUDERDALE, FLA. 

Ions and Health 

Reference your article "Ions Af-
fect Health, Behavior" (p 45, Feb. 
26). These effects should be studied 
as a possible new tool in the field of 
medical electronics. With medical 
approval, the millions of hay-fever 
sufferers may soon have relief . 

C. B. HEFFRON 
WESTINGHOUSE ELECTRIC 
METUCHEN, N. J. 

I, too, was pleased to read your 
article "Ions Affect Health, Be-
havior." It is the most recent report 
I had read since an internal RCA 
report by C. W. Hausell about 1951. 
Your Comment column in the 

May 27 issue (p 6) convinced me 
that there are others also intrigued 
by this subject . . . 

L. W. FEREtER 
RADIO CORP. OF AMERICA 
PRINCETON, N. J. 

There certainly are. We've had 
a minor-league flood of mail, all 
from research groups, all asking 
for references and sources. We've 
tried to help, because—as we com-
mented on May 27—this subject, 
of such avid interest to so many, 
promises to be of positive benefit 
to mankind. 

Communications in Korea 

Appreciated . . . your most in-
formative article, appearing in the 
May 20 issue of ELECTRONICS, p 40 
and 41, on communications in Korea 
("Korea: On Guard 10 Years After 
Invasion"). 
I was wire officer in Osan, Korea, 

five years ago, and your article 
does much to explain current condi-
tions . . . 

S. T. THOMPSON 
AEROJET-GENERAL CORP. 
AZUSA, CALIF. 

Active Filters 

There appears to be an error (In 
"Selecting R-C Values for Active 
Filters," p 83, May 13), since te 
expanded form and the factored 
form for n = 3 in Table I do t 
correspond. It seems that the eix-

6 CIRCLE 6 ON READER SERVICE CARD JUNE 24, 1960 • electronics 



*NOW YOU CAN THINK 
SMALLER THAN EVER! 

1/4 Inch to be Exacts 
that's the Length of this 

NEW ELECTRA 1/10th WATT PRECISION 

Now you can think smaller 
than ever when it comes to resistors in your 

design plans. .250" long, .093" in diameter, 
yet this new 1/10th watt 

resistor carries a full wattage rating 
at 125° C. It has sturdy No. 22 

leads with silver plated compression 
caps, high temperature impact and 

moisture resistant epoxy coating and 
its diamond spiralled carbon 

resistance element offers exceptional 
reliability. Write today for full 

details on new Electra DC 1/10th 
watt precision carbon film 

resistor. Also available with 
extra molded jacket for extra 

protection against rough 
handling and other enemies of 

reliability. Just write . . . 

MANUFACTURING CO. 
4051 Broadway 

Kansas City, Missouri 
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,1 Punch Multiple Holes 
in One Operation 

with REUSABLE DI-ACRO 
ADJUSTABLE PUNCHES AND DIES 

Di-Acro Adjustable Punches and Dies offer you an 
inexpensive means of rapid tooling for multiple 
punching of holes of a variety of shapes and sizes. 
They will do the job in a fraction of the time it 
would take using a single station punch press and at 
a fraction of the cost of standard tooling. All tool-
ing can be arranged in a countless number of pat-
terns so that most multiple hole punching jobs 
can be accomplished in one operation. Tooling can 
be reused again and again. Holes can be as close 
together as U" on centers. A template locates your 
punches and dies accurately. All Di-Acro punches 
and dies are concentric, readily interchangeable. 
Standard rounds, squares, rectangles, ovals, D's 
and other shapes in a variety of sizes are available 
from stock. 

Di-Acro Adjustable Punch and Die catalog is com-
plete with detailed instructions and prices on all die 
sets, punches and dies. Consult the yellow pages of 
your phone book for the name of your nearest 
Di-Acro Distributor or write us for your free copy. 

cip.00r°  

PRECISION 
METALWORKING 

EQUIPMENT 

O'NEIL-IRWIN MFG. CO. 
321 Eighth Ave. • 

Pronounced die-ack-ro 

Lake City, Minn. 

panded form should read 

= s + + 2B2s + B8 . 

1/LT. MORRIS M. WILLIAMS 
MARINE CORPS BASE 
29 PALMS, CALIF. 

Reader Williams is right; of 
course the last term should be B` 
and not W. 

Miniature Microphone 

I have read the article about 
our miniature capacitor-microphone 
("Miniature Capacitor Micro-
phone," Research and Development, 
p 80, May 6) and found some errors 
in it. 
On p 82, third line, you have 

written (1/w) I, which has to be 
(1/co)l. 
The last sentence of the article: 

"The acoustical filter mounted in-
side the microphone acts like a 
damped resonant circuit, function-
ing like the slit filter" is perhaps 
not clear for the reader. 

Better would have been: "The 
acoustical filter mounted inside the 
microphone acts like a damped res-
onant circuit, in order to give the 
proper phase change for thdse 
frequency regions where the lit 
filter alone is not sufficient . . ." 

C. WANSDRONK 
PHILIPS RESEARCH LABORATORIES 
EINDHOVEN, NETHERLANDS 

The equations contained both 
el's and one's, which are the same 
on our typewriters, but not the 
same on reader Wansdronk's; our 
typesetter guessed wrong in this 
case. Also, we agree that reader 
Wansdronk's revised sentence is 
clearer than our original one. 

Electronics in Japan 

I am writing specifically to c - 
gratulate you for the excellent 
article "Electronics in Japan," 
which appeared in your May 27 
issue (p 53). I was astounded at 
the breadth of coverage of the 
article . . . 

HARPER Q. NORTH 
PACIFIC SEMICONDUCTORS INC. 
CULVER CITY, CALIF. 
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AVAILABLE NOW FOR ANY MOISTURE ENVIRONMENT 

Wherever water threatens an electrical connection, 

you can be sure of positive dry contact by choosing 

from Cannon's many types of weatherproof plugs. 

For rocket engine test stands ... ground support 

equipment ... buried or exposed cables ... under-

water research equipment ... or any wet weather 

condition ... Cannon has the right plug for you. 

• Moistureproof types maintain sealed characteris-

tics at high altitudes and over a wide temperature 

range. II Weatherproof types repel water under 

severe mud, ice, and water conditions. Ill Watertight 

types may be used underground and in swamps, lakes, 

and rivers ... may be submerged in water up to 550 

feet without leaking. Cannon's weatherproof plugs are 

another of many reasons why you should always con-

sult the first name in plugs ... why you should always 

consult Cannon for all your plug requirements. For 

information on Cannon weatherproof plugs, or any 

Cannon product, write to: Dept. 120. 

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

CANNON 
PLUGS 
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TRANSFORMERS 
YOU 
CAN 

COUNT 
ON* 

0111111111111E-

larly I I r 11111r 

le 44a_ik  IIP:1 

*with calculated reliability 

Reliability is much more than just a feature of Electro's transformers. It begins as an integral design consideration; and many bold 

design innovations have been pioneered by Electro to make transformers inherently more reliable. Among them: new developments 

in the use of epoxy resins for encapsulation and coil protection; thinner coils with greater exposed surface area for faster heat transfer; 

a unique terminal design that is much more rugged; special filling compounds for hermetically sealed transformers that eliminate the 

thermal expansion problem and provide better thermal conductivity. Reliability in Electro's transformers is also the result of pains-

taking testing and rigid quality control. Electro's complete facilities include in-plant equipment approved for qualification testing in 

accordance with MIL-T-27A. Environmental tests are conducted to assure resistance to humidity, temperature, shock and vibration. 

Electro reliability begins with the design, continues through development, manufacture and qualification, and results in a better product. 

If you need a more reliable transformer—talk to the Electro people. >2-7 X .BI X ;to «2» 

from microwatt to megawatt... high reliability transformers 

ELECTRO ENGINEERING WORKS / 401 PREDA STREET, SAN LEANDRO, CALIFORNIA 
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ELECTRONICS NEWSLETTER 
Japanese Push Color-Tv 

Production Plans 

JAPAN'S electronics industry is 
concentrating on the color-tv busi-
ness. Sparked in part by final gov-
ernment approval of NTSC color 
standards (ELECTRONICS, p 11, 
June 17), and in part by reduced 
radio-set revenue, nine big manu-
facturers are rushing to complete 
production lines—even at heavy 
financial loss—in order to start 
commercial production this sum-
mer. 

Officials of Ministry of Interna-
tional Trade & Industry told ELEC-
TRONICS last week that combined 
production will reach monthly level 
of 300 sets this summer, 1,000 by 
fall, 10,000 by yearend 1961. The 
sets—probably to be priced for 
the foreseeable future at about 
$1,400 for a 21-in. and $1,100 for 
a 17-in, set—are far out of reach 
of most Japanese consumers. Set-
makers figure they can effectively 
compete in the export market, pick 
up domestic sales as a sideline for 
the time being. 

Color-Tv System Uses 

Two Monochrome Tubes 

PRINCIPLES of non-Newtonian color 
optics elucidated within the last 
year by E. Land and others are 
being applied to color television. 
Frank G. Back, president of Zoomar 
Inc., recently demonstrated a sim-
plified color-reception system that 
uses two monochrome tubes before 
a regional meeting of the Society 
of Photographic Scientists and 
Engineers. 

Back's set—based, in his words, 
"on experiments which indicate 
that the eye is basically a two-
color mechanism, not a three-color 
one"—has a front end similar to 
conventional color sets, a middle 
equivalent to two monochrome sets. 
NTSC color is received, but the 
blue signal is dumped. Red and 
green chrominance signals are 
separately amplified and fed ulti-
mately to two monochrome tubes. 
Scan in one tube is actuated by the 
red signal, and in the other by the 
green; "part of the blue signal," 

Back told ELECTRONICS, "is used 
for blanking." 
The green tube is capped with a 

blue-green filter and the red with 
a yellow-red filter close to a deep 
blush-amber. The two tubes are 
arrayed vertically, one tilted 20 
deg and the other 110 deg, so that 
they are at right angles to each 
other. A semitransparent mirror— 
similar to cathedral glass—is placed 
in the plane where the axes of the 
tubes cross, perpendicular to the 
bisector of the right angle. 

RCA Prepares to Open 

Far East Research Lab 

RESEARCH LABORATORY to conduct 
fundamental studies in the physics 
and chemistry of solids will be 
opened soon in Japan by Radio 
Corp. of America. The lab is the 
second to be established by RCA 
overseas; the first, in Zurich, has 
been operating since 1955. Labs 
take advantage of international 
climate and attitudes toward basic 
research, draw swiftly on local 
research breakthroughs. 
Lab director at the Far Eastern 

site will be Martin C. Steele, who 
has been in Tokyo since early May 
formulating plans. Steele told 
ELECTRONICS that only basic studies 
in the general field of solid-state 
phenomena—including electrical, 
magnetic and optical properties— 
will be made. Initial staff will be 
"three or four" young Japanese 
fresh from the universities. 

Epitaxial Technique Cuts 

Transistor Switching Time 

TECHNIQUE for vapor-growing a 
high-resistivity collector film on a 
low-resistivity substrate, developed 
by Bell Telephone Laboratories and 
revealed last week at a joint IRE-
AIEE conference in Pittsburgh, 
may have far-reaching implications 
for both fabricating semiconductor 
devices and applying them. Using 
the epitaxial technique, Bell has 
made silicon transistors with col-
lector resistance and switching 
time both reduced by a factor of 
ten. 

Diffused-base transistors need 
high-resistivity collector regions 
for low capacitance, high voltage-
breakdown values; mechanical re-
quirements force manufacturers to 
make the collectors 30 times as 
thick as electrically required (about 
0.003 in.). 
The epitaxial technique—which 

can be introduced at the beginning 

of existing diffused-base production 
facilities—starts with lapped wa-
fers of heavily doped silicon or 
germanium. These are put in a 
furnace, into which is introduced a 
vaporized semiconductor compound 
with far fewer impurities. By 
gaseous deposition, a layer of cor-
rect resistivity forms on the base 
wafer as a film 0.0001 in. thick. 
The heavily doped wafer acts as a 
seed, and the lightly doped film 
grows onto it as an extension of 
the basic crystalline structure. 

Silicon transistors already pro-
duced epitaxially are useful as 
switches in the 2-Gc region. Ger-
manium epitaxials, according to a 
Bell Labs spokesman, will be usable 
at frequencies above 2 Gc as am-
plifiers. 

Advent Relay Satellite 

Should Hover by 1964 

TIMETABLE for the Advent active 
communications satellite, ELEC-

TRONICS learns, calls for the ad-
vanced space relay station to be 
in operation by the end of 1964. 
Test launches may be undertaken 
during 1962. 
A 22,000-mile-high orbit is 

planned for Advent. The critical 
altitude will put the relay satellite 
in a synchronous 24-hr orbit, so 
that it will hover over a single point 
and eliminate doppler problems. 
Three such satellites should be able 
to reach all but 2 percent of the 
earth's populated surface. 

Relay gear in the 2,000-Mc range 
is planned for the project, which 
is under control of the Advanced 
Research Projects Agency. Two 
configurations are under study, one 
a 625-lb repeater carrying 144 voice 
channels, the other a 4-ton station 
carrying 300 voice or 2 tv channels. 
Ground stations will beam 1,000-w 
signals at the repeater; the space-
borne gear will retransmit in real 
time at 20-w levels. 
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— LOAD 

For direct, accurate Microwave Measurements... 

AVAILABLE NOW 

REFLECTOMETER 
COUPLERS 

Microline Reflectometer Couplers provide a quick, simple and accurate 
means of measuring voltage standing wave ratios. Each is actually two 
couplers, and can do many of the jobs of two, yet is considerably more 
compact. 

The outputs of the coupler at the barretter mounts are incident power 
and reflected power respectively. These outputs may be coupled to the 
Microline 29A1 SWR Indicator through a 29A2 Input Switch; by noting 
differences in db, VSWR may be simply calculated. The Input Switch 
provides convenient audio switching between the barretter mounts. 

With one arm terminated (normally the "REFL" arm), the other can 
be coupled to a frequency meter. or to power measuring or other moni-
toring equipment, and used as any standard coupler. With both the 
"Load" and "REFL" arms terminated—using matched components such 
as Microline 42 or 43 series terminations—the coupler serves as an 
excellent fixed attenuation standard, unaffected by variations in tempera-
ture or humidity. Calibrated against primary attenuation standards, the 
coupling values of this circuit become the attenuation values at all 
frequencies over the range. 

Available for immediate delivery from stock, the Reflectometer 
Couplers are another in the Microline family of high quality, matched 
microwave instruments . . . the most complete, most dependable, most 
advanced line for today's high precision microwave applications. 

Frequency Range: 

SPECIFICATIONS: 

Recommended Recommended 
Waveguide Size: Barretter Mount Barretter 

Mod. 24S1 .. 2.60-3.95 kmc 3" x 11/2 " 33S2 821 
Mod. 24C1 .. 3.95-5.85 kmc 2" x 1" 33C2 560 
Mod. 24X1 .. 8.2-12.4 kmc 1" x 1/2 " 33X2 560 

Nominal Coupling: 10db 
VSWR of Primary Line: 1.05 
Coupling Variation Over Range: ± 0.5 
Tracking Between Arms: -± 0.05db 
Minimum Effective Directivity: 40db 

PRICES: Mod. 24S1, $600 
Mod. 24C1, $350 
Mod. 24X1, $175 

CONTACT: LOUIS A. GARTEN & ASSOCIATES: WEST ORANGE, N. J. 645 Eagle Rock Ave., REd-
wood 1-1800; NEW YORK, N. Y. Bowling Green 9-4339; PHILADELPHIA, PA. 730 Washington 
Lane, Jenkintown, WAverly 7-1200. 
TECHNICAL INSTRUMENTS, INC.: READING, MASS. 90 Main St., REading 2-3930; LIVERPOOL, 
N. Y. 916 Liverpool Rd., Oldfield 2-2535; BRIDGEPORT, CONN. 1115 Main St., FOrest 8-4582. 

POWER INPUT 

INCIDENT POWER 

REFLECTED POWER 

BARRETTER MOUNT 

TO SWR INDICATOR 

BARRETTER MOUNT 

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER, FLORIDA • DIVISION OF SPERRY RAND CORPORATION 
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Instruments 

IMMEDIATE DELIVERY 

29A2 

INPUT SWITCH 
• The Microline 29A2 Input Switch is an accessory for use with 

the SWR Indicator, providing audio switching between two 
inputs. In an appropriate circuit it will permit direct reading 
of insertion loss. A gain adjustment is provided on one of the 
inputs. This adjustment does not affect bolometer bias. Con-
nected as illustrated, the SWR Indicator, 29A2 Input Switch 
and a Microline Reflectometer Coupler with barretter mounts 
form a versatile reflectometer for impedance measurement. 

FROM REFLECTOMETER 
COUPLER 

111114.4„,, 
me, t 

29M 

1 $30 

SWR INDICATOR ..mmummi«.••••••«••1111). 

The ideal amplifier for measuring standing wave ratios and 
relative power in microwave systems . . . and the ideal indi-
cator in frequency measurement. It is the only instrument 
providing two bandwidth selections: Wide Band, 300-5000 
cps (fixed) ; or Narrow Band, 30-150 cps (variable), with 
resultant high stability, sensitivity, and freedom from modu-
lator drift error. 

The 29A1 incorporates an expanded scale and automatic 
compensation for increased accuracy in low VSWR measure-
ment. A "Plus 5 db" gain step facilitates accurate upper-scale 
readout on the meter. Many other advantages, such as a push-
button bolometer current reading . . . positive diode protec-
tion against bolometer burnout . . . "wide" position switching 
eliminating the tuned circuit . . . easy readability and oper-
ability . . . make the 29A1 the most desirable instrument of 
its kind. It is handsomely designed—a light blue case, brushed 
aluminum control panel, and contrasting gray sub-panel. 

Available for immediate delivery from stock, the SWR 
Indicator is another in the Microline family of high quality, 
matched microwave instruments . . . the most complete, most 
dependable, most advanced line for today's high precision 
microwave applications. 

CONTACT: LOUIS A. GARTEN & ASSOCIATES: WEST ORANGE, N. J. 645 Eagle Rock 
Ave., REdwood 1-1800; NEW YORK, N. Y. BOwling Green 9-4339; PHILADELPHIA, 
PA. 730 Washington Lane, Jenkintown, WAverly 7-1200. 

TECHNICAL INSTRUMENTS, INC.: READING, MASS. 90 Main St., REading 2-3930; 
LIVERPOOL, N. Y. 916 Liverpool Rd., OLdfield 2-2535; BRIDGEPORT, CONN. 
1115 Main St., FOrest 8-4582. 

Frequency: 
Sensitivity: 
Noise Level: 

Amplifier Bandwidth: 

Calibration: 
Range: 

Meter Scales: 

Gain Control: 
Input: 
Input Positions: 

Output: 

Power: 
Size: 
Weight: 
Price: 

$200 

- . 

swt lhottoot mobtt2ti, 
„..„ • 

e""ete4», 

SPECIFICATIONS: 

1000 cps, -± 1% 
0.1 uy at 200 ohm level for full scale deflection. 
Less than 0.03 uy referred to input, 
narrow-band position. 
Wide band position, 300-5000 cps; Narrow band 
position, continuously adjustable, 30-150 cps. 
Meter reads SWR, db, bolometer current. 
70 db. Input attenuator provides 60 db in 10 db 
steps. Accuracy 0.1 db per step. 
SWR 1-4, SWR 3-10, Expanded SWR 1-1.3,db 0-10, 
expanded db 0-2, bolometer current 0-10 ma. 
30 db. 
BNC female. 
High Bolo-8.4 ma bolometer position, 200 ohms. 
Low Bolo-4.3 ma bolometer position, 200 ohms. 
200-200 ohms for crystal rectifier. 
Hi-Z—high impedance for crystal rectifier. 
Jack provided for 0-1 ma recorder, 1 side 
grounded, 1500 ohm resistance. 
Jack for audio output. 
115 230 volts, 50-60 cps. 
Approx. 8 x 11 x 12. 
14 lbs. 
$200. 

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER, FLORIDA • DIVISION OF SPERRY RAND CORPOR.4TION 
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DEMINERALIZATION 
ALONE 

IS NOT ENOUGH 
TO PRODUCE 

ULTRA-PURE WATER 

1 D-8 
DENIINERALIZER 

THIS BARNSTEAD EQUIPMENT 
PRODUCES PUREST WATER 
IN PRODUCTION QUANTITIES 
FREE OF MINERALS, ORGANICS, 
BACTERIA AND 
SUBMICROSCOPIC PARTICLES 

ENTIRELY NEW PRINCIPLE ... By_com-
bining different types of Pure Water 
Equipment in series, Barnstead makes 
possible a new high standard of water 
purification for greater advances in 
Chemical, Electronic, and Nuclear fields 
— where water of the highest purity is 
needed. 

VERSATILE EQUIPMENT . . . The above 
combination of Barnstead equipment 
consisting of Water Demineralizers, 
Water Still, and MF® Submicron Filter, 
operating in series, produces 18,000,000 
ohm water ... free of organics, bacteria 
and submicroscopic particulate matter 
down to 0.45 microns . . . in production 
quantities . . . at temperature of 25° C. 
Whatever your Pure Water Problem ... 
come to Barnstead first .. . Pure Water 
Specialists Since 1878. 

Write for NEW 
DEMINERALIZER CATALOG 160 

f•Iel KS LI 1. /At <Of 

arnstea 
STILL AND STERILIZER CO. 
Si Lanesville Terrace, Boston 31, Mass. 

BOSTON NEW YORK CLEVELAND 
1Amaica KIngsbridge ACademy 
2-8490 8-1557 6-6622 
CHICAGO PHILADELPHIA WASHINGTON, D.C. 

ROgers Park LOcust District 
1-6173 8-1796 7-1142 

LOS AHGELES SAN FRANCISCO DETROIT 
Ryan TEmplebar ENterprise 
1-6663 2-5391 7422 

WASHINGTON OUTLOOK 
CONGRESS THIS WEEK goes into the last lap of the debate over the new 
defense budget, now running at $40.4 billion. Outlook in electronics is for 
increased spending on a number of major projects. But the probability 
is great that the overall Congressional increase will be far below the $2-
or $3-billion boost Senate leaders called for after the summit collapse. 
The Senate Appropriations Committee has approved a measure hiking 

the appropriation slightly more than $1 billion; the House has passed an 
appropriation with a net increase of only $122 million over the adminis-
tration's request. 

Final sum will probably be about $750 million greater than the original 
request. But the specific projects to be favored are still in doubt since 
there are important differences between the House and Senate committee 
versions. 

The Senate committee boosted the appropriations for B-70 development 
from $75 million to $360 million; the extra money would allow the Air 
Force to renew contract negotiations for major electronic subsystems. 
The committee also restored $294 million for Bomarc B missiles that 

was killed by the House, failed to go along with the House's additibn of 
$215 million for F-106 fighter-interceptor aircraft. 

Among the other major Senate committee additions: $200 million for 
jet transport planes (the House added $250 million) ; $241 million for 
extra Polaris submarines (the same amount added by the House); $83.8 
million for the Samos reconnaissance satellite (the House tacked on $54 
million extra for all military satellites). 

The Senate committee also restored $293 million for an aircraft carrier 
and $400 million for general procurement—sums previously knocked out 
by the House. It voted against the House's $20.7-million hike for the 
Minuteman ICBM and against the Air Force's post-summit proposal to 
jack up the Atlas program by two squadrons. It also trimmed back the 
increases voted by the House for antisubmarine warfare. 

MORE AMMUNITION has been poured into the fight to consolidate military 
electronic procurement. 
The General Accounting Office has released a critical report on its year-

long investigation into military electronic supply matters (ELECTRONIcs 
p 14, Apr. 29), recommends that the Pentagon unify electronic buying and 
other supply management functions. 

This is GAO's chief finding: "Inadequate coordination of electronics 
supply management" among military agencies results in "unnecessary 
purchases;" "costly duplication and overlap" of functions and organiza-
tions; and "unnecessary administrative costs." 

GAO claims it found a case where one service was about to buy $20-

million worth of major equipment another service considered surplus, 
another case where $2.5-million worth of equipment was being repaired 
at high cost while similar equipment was available in another agency's 
surplus stocks. 

The accounting agency wants a single military electronic bureau to do 
these things: (I) monitor entry of new equipment into the military supply 
system; (2) review, coordinate, and consolidate requirements; (3) do all 
buying; (4) determine "depth and range of initial supporting spare parts 
for new items;" (5) be in charge of "wholesale stocks including mobiliza-
tion and production reserve stocks;" (6) control and manage maintenance 
programs; (7) store and distribute supplies; and (8) dispose of surplus 

equipment. 

So far the Pentagon is cool to the establishment of a new agency with 
such broad and powerful authorities. But it is making its own review 
of electronic supply management, is expected to consolidate selected man-
agement functions for a limited number of electronic stock items. 

• 

-• 
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Building 

Strength 

Upon 

Strength... 

the 

USAF 

Ballistic 

Missile 

Program 

The strength and prestige of this 

nation depends upon many 

things ... important among these are 

the successes of the Air Force 

Ballistic Missile Program and related 

advanced space projects. 

In turn, these programs depend upon 

the continuing flow of new ideas 

and inventions. All of these are part of 

a common pool of knowledge and 

know-how which are drawn upon for today's 

capability and tomorrow's advances. 

In building strength upon strength in the race for 

space technology leadership, the knowledge 

and experience gained from Atlas, Thor, and Titan 

ballistic missile systems developement is 

being applied to advance Minuteman. For these 

programs, under the management of the Air 

Force Ballistic. Missile Division, Space Technology 

Laboratories has had the direct responsibility 

for over-all systems engineering and technical direction. 

As these ballistic missile and related space programs 

go forward, STL continues to contribute technical 

leadership and scientific direction. 

In this capacity STL offers unusual opportunities for creative 

work in the science and technology of space systems. To 

those scientists and engineers with capabilities in propulsion, 

electronics, thermodynamics, aerodynamics, structures, 

astrophysics, computer technology and other related fields and 

disciplines, STL now offers immediate opportunities. Please 

address your inquiries and/or resumes to: 

SPACE TECHNOLOGY LABORATORIES, INC. 
P. 0. Box 95004, Los Angeles 45, California 

Los Angeles • Santa Maria • Cape Canaveral • Washington, D. C. 

Manchester, England • Singapore • Hawaii 
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Seasoned microwave 
designers 

and builders 
Specialists in microwave receivers, researched and 

designed to individual specification, fabricated from 
Melabs-manufactured components, proved in 

laboratory and field operation. 

Designers and manufacturers of microwave 

components—calorimeters, choppers, couplers, filters, 
isolators, mixers, multiplexers, radiometers, 

switches—offering maximum reliability and depend-
able performance. 

R&D specialists in microwave physics—application 
of ferrites in microwave electronics, circuit develop-

ment in countermeasures and radio reconnaissance. 

In a new facility in Stanford Industrial Park, Melabs' 180-member 

staff daily ventures into new areas of microwave research. 
More than 75 qualified engineers and physicists supported by a 

large technical and -manufacturing staff stand ready to 
solve unique electronic problems. 

Employment opportunities at Melabs are 
exceptional for ambitious engineers 

and physicists; 

write in confidence. 

'file/4e 

-48 

Alle% r4e1 

Youthful vigor in an academic climate of re-
search and development has led Melabs to 
delivery, under military and private contract, 
of a unique array of advanced microwave 
instrumentation: 

Model SGS-2 Swept Signal Generator, S-band 
BWO microwave signal source offering con-
stant power output to within 1 db. 

Model X-127 400 MC Circulator, compact three-
port instrument with a 10% bandwidth at 
400 MC. 

Model AN/GLA-10 memory-display group for 
use with radio reconnaissance receivers. 

Model RSS-3 frequency-sweeping imageless 
superheterodyne receiving system, operating 
in the microwave region. 

Model M-3 Broadband Mixer (0.5 to 11 KMC) 
untuned coaxial instrument, offering unusual 
conversion efficiencies. 

ivieLABS jrts 
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ELECTRON TUBE NEWS 
...from SYLVANIA 

• HIGH RESOLUTION 

• SIMPLIFIED CIRCUITRY 
• IMAGE BRILLIANCE 

with 2 new Sylvania C. R.T.'s for photo-recording applications 
Sylvania SC-2809, SC-2782 utilize precision guns, fine 

grain Pli phosphor, aluminized screens, clear nonbrown-
ing optical faceplates. Result: remarkably high resolution 
and excellent brilliance. SC-2809 has a line width of 
.0008", a resolution of 6000 lines. SC-2782 has a .001" 
line width and a 3000-line resolution. Both tube types 
feature conventional magnetic focusing and deflection, 
simple beam-centering magnets, no ion traps. They sim-
plify external circuitry requirements, offer potential sav-
ings in equipment costs. Minimum useful screen area is 
41/4 ". Deflection angle is 50°. Use of an integral encap-
sulated high-voltage connector minimizes possibility of 

corona at high altitudes. Screens other than Pl! are avail-
able if desired. For further information and complete tech-

nical data, contact the Sylvania Field Office nearest you. 

KEY CHARACTERISTICS SC-2809 SC-2782 

Anode Voltage 25,000 Volts <lc* 25,000 Volts dc* 
Anode Current (E.i=0) 3 µA dc* 

Grid No. 2 Voltage 2,500 Volts dc* 2,500 Volts dc* 
Grid No. 2 Current (E0i.=0) 2,000 µA dc* 

Screen Current 2 isA dc 5 µA dc 
Line Width 0.0008" 0.001" 
Face Diameter 5" 5" 
Over-all length 163/4 " 16" 

*Absolute Max. Ratings 



NEW SYLVANIA C.R.TS FEATURE 

LOW HEATER POWER 
HIGH RELIABILITY 
"COOL' OPERATION 
for battery-powered, 
portable 'scope applications 

o 

Sylvania 3BGP1, 3BGP2, 3BGP7, 3BGP11 ... feature direct-view rectangular faces, 
electrostatic deflection and focus, high deflection sensitivity. 

KEY CHARACTERISTICS 

Anode No. 2 Voltage 
Anode No. 2 Input 
Anode No. 1 Voltage (Focusing Electrode) 
Heater Ratings 
Line Width (Light output of 20 ft. Lamberts) 
Face Dimension 
Useful Screen Area 
Over-all Length 
*Absolute Max. Ratings 

2,750 Volts dc* 
6 Watts* 

1,100 Volts de 
1.5V/140mA 

0.026" 
1I/2" x 33e, 
11/2" x 23/4" 

The 3BGP-family of 'scope tubes is typical of the continuing 
work of Sylvania to advance the "state of the art." Combining 
modern C. R.T. technology and powder metallurgy techniques, 
Sylvania has produced a heater-cathode assembly requiring 
only 1.5V (ci 140mA — less than 7% of the power normally 
needed. Reduced power demands result in much lower tube 
operating temperatures and low drain from battery or flyback 
heater supply. The heater-assembly has a relatively low mass 
which makes it virtually impervious to vibration of portable 
equipment. Clear, pressed faceplates are utilized for improved 
glass quality, greater uniformity of thickness resulting in mini-
mized distortion. Complete information and technical data 
can be obtained from your local Sylvania Field Office. 

The new Sylvania low power heater-cathode assembly holds vast 
promise for picture tubes for portable, battery-operated TV 
receivers. This concept is currently under investigation at Sylvania. 
Your inquiry is welcome. 

4 NEW "BONDED SHIELD" TV PICTURE TUBES 

all available with new reflection-diffusing, treated caps 
Sylvania continues its leadership in "Bonded Shield" 
picture tubes with an expanded line to help you meet 
the demand for squared-corner TV. Now, you can 
offer broad-angle and low-reflection viewing with the 
specially treated laminated cap. The treated surface of 
the tube cap can diffuse up to 70% of reflected light 
without appreciable loss in resolution—eliminating the 
old problem of mirror images. 

Bonded Shield eliminates front-of-the-cabinet safety 
glass • Reduces front-to-back cabinet dimensions • 
Reduces danger of implosion • Reduces production-
line rejects significantly • Offers squared-corner screen 
• Simplifies mounting with integral mounting lugs • 
Offers potential savings in set manufacture. 

If your industrial or military design demands specialized Cathode Ray Tubes, call on the creative experience and production capabilities of Sylvania. 
Electronic Tubes Division, Sylvania Electric Products Inc., 1740 Broadway, New York 19, New York. 

Sylvania pioneered the quantity pro-
duction techniques of bonding cover 
panels to the face of a picture tube. 
These same techniques hold excit-
ing possibilities for application in 
industrial and military cathode ray 
tubes. You may have a C. R.T. 
application that can benefit from 
Sylvania Bonded Shield "know-
how." Sylvania Engineers will be 
pleased to work with you. 

SYIVANTA 
GIN 
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Engineering hints from Carborundum 

SEALING KOVAR AUDY TO GLASS 

I. PREPPern ON OF METAL 
2. PRET31RATION) OF GLASS 

3 PRocEgsma ALLOY 
+GLASS' se-ALiwo mereos 

5: ANNEALING 
6. INSPECTION TESTS 

6 steps to better glass-to-metal seals 
with KOVAR® Alloy 

KOVAR® is the original iron-nickel-cobalt alloy with correct 
thermal expansion characteristics for making seals with sev-
eral hard glasses. Procedures for obtaining a satisfactory seal— 
with optimum production yields—will vary according to the 
nature of the end product. This may range from large electron 
tubes to the smallest semi-conductor devices. The following 
hints typify recommendations for the more critical electron 
tubes; they can be modified for other products according to 
need. 
1. KOVAR should be scratch-free. Polish with 180-grit alu-
minum oxide cloth, followed by 260-grit—never emery or 
carbide. Round edges of edge-type seals with a radius of 
about half metal thickness. Sand-blasted matt finish, using 
pure alumina, is preferable for butt type seals. 

2. REMOVE DUST FROM GLASS with lint-free cloth. Rinse in 
10e/( hydrofluoric acid solution, then in running tap water, 
finally in distilled water. Dip in methanol and hot air dry. 

3. CLEAN KOVAR prior to sealing by trichlorethylene vapor 
degreasing, immersion in concentrated HCl, followed by 
rinses in tap and distilled water. Methanol dip and hot air 

For permanent vacuum and 
pressure-tight sealing ... count on 

dry. Heat treat in wet hydrogen atmosphere. 
4. SEALING EQUIPMENT includes gas-oxygen burner and glass 

lathe. Oxidize surfaces by heating metal and glass to 850° 
C in air. Bring parts together by pressure. For strong seal, 
glass edge should approach 90° angle where it meets 
KOVAR alloy. 

5. ANNEAL SEAL using flame or furnace program, advancing 
to annealing temperature for 30 mins. Reduce to 50° C 
below strain point at 1° per minute, then 10° per minute 
to room temperature. 

6. INSPECTION may include stress analysis by polariscope 
viewing or other method. Examination under 10x to 15x 
magnification should show that glass is free from excessive 
bubbles. Glass color should be grayish or mouse brown. 

FIND OUT ABOUT KOVAR— 

WHERE IT IS USED AND WHY 

Bulletin 5134 gives data on composi-
tion, properties and applications of 
KOVAR Alloy. For data on sealing pro-
cedures, ask also for Technical Data 
Bulletin 100-EB6. Write Dept. E-60, 
Latrobe Plant, Carborundum Co., 
Latrobe, Pa. 

CARBORUNDUM® 
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Bourns Trimpot® 
Puts the Proof in Humidity-Proof 
Plunging a potentiometer into near-boiling water is just one of 
the ways Bourns puts the proof in humidity-proof. Every Trim-
pot unit made takes this 60-second bath with the water sim-
mering at 90 -C. Air expanded by the heat creates four pounds 
of pressure inside the potentiometer—enough to cause bubbles 
—if it leaks. Only if the unit is completely leak-free does it pass 
the test. 

Bourns humidity proofing starts at the beginning—with original 
design and selection of materials. The plastic chosen for Trim-
pot cases, for example, displays the unusual properties of high 
insulation resistance and extremely low moisture absorption. 

NUMBER 5 —RELIABILITY SERIES 

Further protection against humidity results from manufacturing 
procedures, such as internal potting of the resistance element 
and sub-components. Finally, Bourns samples all production 
for compliance to MIL-STD-202A, Method 106 as a routine part 
of a Reliability Assurance Program. As a result, Trimpot does 
more than "resist" moisture; it keeps moisture out. 

For more information about the industry's largest selection of 
humidity-proof adjustment potentiometers—wirewound and 
carbon in a variety of sizes, power ratings, operating tempera-
tures, etc.—write for new Trimpot summary brochure and list 
of stocking distributors. 

MOURNS. INC.. TRIMPOT DIVISION 
6135 MAGNOLIA AVE , RIVERSIDE, CAL . F 

PLANTS: RIVERSIDE, CALIF. AND AMES, IOWA 

Exclusive manufacturers of Trimpot®, Trimit®, and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration, 
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FINANCIAL ROUNDUP 

Accelerator Companies Merge 

High Voltage Engineering Corp., 
Burlington, Mass., reports acquisi-
tion of all the stock of Applied 
Radiation Corp., (ARCO), Walnut 
Creek, Calif. The transaction was 
made on the basis of one share of 
HVE stock for every 101 shares 
of ARCO. The California firm will 
continue to operate as a separate 
corporation under its present ad-
ministration, but will have close 
management and technical affilia-
tion with its new parent company. 
ARCO sales in the fiscal year 
ended Sept. 1959 were $1,648,516. 
HVE's 1959 sales were $7,087,916, 
with a Dec. 31 backlog of more 
than $9 million. 

Diversa, Inc., Dallas, Tex., an-
nounces acquisition of 80 percent 
of the stock of Texas Electronic 
Products Corp. in the same city 
for an undisclosed amount. TEPC 
specializes in design and manufac-
ture of automated equipment for 
the quality control field. Equip-
ment presently being readied for 
market includes an automatic 
quality control computer and a 
system for production line control 
of package weights. Diversa has 
eight subsidiaries in the fields of 
banking, liquid petroleum, geo-
physical exploration and others. 

United Control Corp., Seattle, 
Wash., reports acquisition of Elec-
tro Development Corp. in the 
same city, by a stock purchase for 
an undisclosed amount. Electro 
Development, employing about 115 
persons, is presently working on 
contracts related to the Polaris 
and Minuteman projects. Its 
equipment is also used in the 707, 
DC-8 and 880 jet transports. Pro-
jected figures for the fiscal year to 
end Sept. 1960 indicate that sales 
will exceed $1 million. United 
Control, employing more than 800 
persons, had sales of $11,680,000 
in 1959, $5,847,000 during the first 
six months of this year. 

Varian Associates, Palo Alto, 
Calif., announces plans to acquire 
Semicon Associates, Inc., through 

Gen Tel & Elec 
Intl Tel & Tel 
Standard Coil 
Gen Electric 
Du Mont Labs 
Collins Radio 

Resistance 
Ampex 
Lear Inc 
RCA 
Westinghouse 
Gen Inst 
Raytheon 
Zenith 
Avco 
Western Union Tel 
Cohn Electronics 
Univ Controls 
Varian Assoc 
Burroughs 
Phi'co 
Gen Precision Equip 
Barnes Engnr'g 
Transitron 
Amer Electronics 

an exchange of stock. Varian will 
acquire Semicon's outstanding 
shares in exchange for a maximum 
of 30,000 Varian shares. The 
smaller firm consists of two com-
panies bearing its name in Lexing-
ton, Ky., and Watsonville, Calif. 

Cain & Co., Los Angeles-based 
electronics sales engineering or-
ganization, announces acquisition 
of Memo, Inc., New York, also an 
electronics sales organization, op-
erating in New York. 

25 MOST ACTIVE STOCKS 
WEEK ENDING JUNE 10 

SHARES 
(IN 100's) HIGH LOW CLOSE 

1,939 313/4 355/a 305/e 
1,265 461/e 421/4  451/4  
1,256 193/4  161/4  183/4  
934 953/4  903/4  951/2  
867 101/4 91/4 10 
812 651/4 62 631/4 
811 393/e 341/4  351/4 
754 367/s 351/2  357/8 
717 203/8 185/e 18% 
676 773/4  743/4 77 
625 65 595/8 65 
598 42 381/4 38Va 
586 441/4  403/e 431/4 
499 1223/4 113 119 
484 133/8 121/4  121/4  
467 503/a 473/4 49 
445 121/4 111M 113/a 
440 161/4 153/e 151/4  
427 60 545/a 60 
420 393/8 373/4  383/a 
401 331/4  311/4  311/4  
346 615/s 58 60 
343 521/4  46 49 
325 501/4 473/4  501/4  
278 603/4  14% 15314 

The above figures represent sales of electronics 
stocks on the New York and American Stock 
Exchanges. Listings are prepared exclusively for 
ELECTRONICS by Ira Haupt & Co., investment 
bankers. 

DIVIDEND ANNOUNCEMENTS 

Barry Controls 
Collins Radio 
Collins Radio 4% pfd 
Fisher Porter 5% pfd 
RCA 
RCA pfd 

NEW ISSUES PLANNED 

Briggs Assoc 
Control Data Corp 
Electronic Specialty 
Franklin Corp 
Garrett Corp 
Pacotronics 
Skaevitz Engineering 
Vector Mfg. 

• To be amnestied 

Amount 
per Share 
.10 
4% 

.50 

.12,/a 

.25 

No. 
Shares 
44,470 

125,000 
150,000 

1,000,000 
100,000 
150,000 
100,000 
25,000 

Date 
Payable 
July 28 
Aug. 15 
July 1 
July 1. 
July 25 
Oct. 1 

Price 
per Share 
$5.00 

10.00 
n. 

4.00 
3.00 

iliFf -7/ 
/e 
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I now means top quality rare earth ! 
1 and related products for I 

I • ELECTRONICS 1 

1 • NUCLEAR ENERGY I 
I 
i • METALLURGY I 

1 How can these help your produc- I 
ition and R&D efforts— I 

I C I CERIUM CHEMICALS  
1 i 
1 a THORIUM- I 
II MAGNESIUM 

I ' MASTER ALLOY I 
Iu SCANDIUM 

CHEMICALS 
ci GADOLINIUM OXIDE I 
Li EUROPIUM OXIDE 
I ri YTTRIUM PRODUCTS I 
I a ORGANIC -SOLUBLE I 
I RARE EARTHS I 1-
Li RARE EARTH- I 
I MAGNESIUM ALLOYS 

THORIA 
IFor further information, check I 
items of interest, and clip this ad. I 

IIf you'd like industry's newest tech- I 
nical brochure on rare earth metals, I 

chemicals and alloys, cheek here E 

IYour Name  

I Position  

ICompany  

i Street  

• City and State 

I CLIP THIS AD and SEND TO: I 
DEPT. 36 

VITRO CHEMICAL COMPANY 
A SUBSIDIARY OF VITRO CORPORATION OF AMERICA 

342 MADISON AVENUE 

NEW YORK 17, NEW YORK 
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Chart new paths in printed circuits with Panelyte® 
As new uses for printed circuits are developed, and 
new, more demanding designs are specified—count on 
Panelyte Copper-Clad Laminates for consistently su-
perior quality. 

At present, you can choose from a wide range of prop-
erties in four different grades. But St. Regise Panelyte 
is working to perfect structural qualities which will 
meet your future needs, as well. 

Whether you're looking for better machinability and 
adhesion, superior chemical resistance, closer thermal 

tolerances or any special combination of characteristics, 
bring your copper-clad laminate specifications to 
Panelyte. We can supply Panelyte in the following 
grades : Paper Phenolic Base —XP, XXP, XXXP ; Glass 
Melamine — G5 ; Glass Silicone —G7 ; Glass Epoxy — G10, 
G11. For complete infor-
mation and the address of 
your nearest Panelyte dis-
tributor, write Dept. EL-
624, St. Regis Paper Co., 
150 E. 42nd St., N.Y., N.Y. 

• 
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Daniel P. Bryant, President of Bekins, reviews global operations with company executives, Andreson, Holt, Robison, Shaw and Bekins. 

NEW YORK CHICAGO 
BOSTON KANSAS CITY 

êt. BALTIMORE DALLAS 
-- WASHINGTON, D.C. HOUSTON 

NORFOLK PHOENIX 
- ATLANTA ----US ANGELES 

-).f.4>•;"2--SAN FRANCISCO 
• ;-•e- - — ."`-111,miituLu _ 

Offices atieegents in ali-maior U.S. cities 
and throughout the world. ;7 

Bekins is Everywhere 
Across the United States from east to 
west and around the world, Bekins is 

keeping apace with the ever-increasing 

demand for family and for corporate 
moving services. 

Certified Service, the modern concept 
which has made Bekins the largest 
moving and storage company in the 

world, is now available in more than 

80 North American localities and in 

key cities throughout the world. 
Today 2,000 families as well as many 

of the nation's greatest corporations 

from New York to California 
use Bekins every day for 

Certified Service. You'll 

find Bekins listed in 
the Yellow Pages. 

Certified Electronics Moving Write for new free brochure which explains why leading 
U.S. manufacturers rely on Bekins for skilled handling of delicate equipment. 

Bekins Electronics Division 
1335 South Figueroa Street 
Los Angeles 15, California 
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C.E.C. has 
for years 
been 
engaged 
in the 
design and 
production 

of quality 
components 
and 
systems for both military and 
industry. A member of our 
engineering group will be happy to 
meet with you on any microwave 
problems you now face, 

MICROWAVE 
COMPONENTS 

ROTARY VANE 
FIXED 

ATTENUATORS 

C.E.C. 
offers resistive 

attenuators that cover an 
entire waveguide band. 

These attenuators maintain a flat attenuation 
charactertistic over their entire waveguide band. 
ATTENUATION: 3 db, 10 db or 20 db are 
offered as Standard. Other attenuation values 
can be preset to your specifications. 

INSTRUMENTS 

VHF-UHF FREQUENCY 

CALIBRATOR MODEL 121 

Range: 50 mc to 11.000 mc in crystal 
controlled steps of 50 or 100 me. 

Obtput Level: In excess of —70 dbm 
minimum for all markers. 
Accuracy: -±0,005% at any frequency. 
unaffected by temperature or power 
input variations. 

HARMONIC MULTIPLIER 
AMPLIFIER ADAPTER 

Output Waveform: CW or Pulse. 
Output Level: increases amplitude 
to —30 dbm in frequency range 
from 1,000 to 11,200 me with marker 
spacing of 1.600 mc. Lower amplitude 
(-60 dbm) markers are generated with a 
spacing of 400 mc. 

BROADBAND ANTENNA 

Designed for use with the Harmonic Adapter, 
this broadband antenna covers the entire 
range from 1,000 mc through 11,200 mc. 
Used in combination, the three units provide 
a fast go-no go. remote calibration check 
on aircraft radar receivers, without the need 
for connecting cables to the aircraft. 

CONTROL ELECTRONICS CO., INC. 
Ten Stepar Place, Huntington Station, N.Y. 

MARKET RESEARCH 

PLASTIC PARTS PRODUCTION BY ELECTRONICS INDUSTRY 

1957 

1958 

1959 

FUTURE 

POTENTIAL 

VALUE— 

MILLIONS 

OF 

DOLLARS 

$ 50 $100 $150 $200 $250 

Plastic Parts Production Doubles 

PLASTIC PARTS produced by the elec-
tronics industry were worth $250 
million in 1959, said Ralph L. Mon-
dano, manager of Raytheon's 
plastic plant in Maynard, Mass., in 
a talk before The Society of the 
Plastics Industry. 
Mondano says value of produc-

tion doubled in each of the past 
three years, indicating approximate 
volumes of $125 million in 1958 
and $63 million in 1957. Only 25 to 
30 percent of the plastics potential 
for the electronics industry has 
been reached, he says, predicting a 
future annual volume of $1 billion. 

Rapid rate at which use of plas-
tics has been growing has been 
largely influenced by military 
spending. The government has 
been the primary support of re-
search which developed such appli-
cations as the all-plastic radar re-
flector, reliable miniature gyros 
and liquid therosetting resins with 
co-efficients of thermal expansion 
to match metal. 
Growing use of plastics by our 

industry has resulted in parallel 
growth in importance of plastic 
specialists. Today, all sizeable elec-
tronics companies have competent 
plastic engineering and develop-
ment sections, says Mondano. 
Some electronics firms have seen 

that by merely expanding their 
present plastic departments they 
can sell to others and add a fast-
growing product to their lines. 
Some have taken the step already, 
others are getting ready to do so. 
Firms thinking of entering this 

field should bear in mind that the 
government is the big ultimate elec-
tronics customer, he adds, and they 
should have the following: Govern-
ment contract negotiators, good 
quality control and inspection pro-
cedures, means of attaining and 
holding certificates of material 
compliances and bookkeeping pro-
cedures satisfactory to contracting 
agencies. 

Th"'"d' FIGURES OF THE WEEK of Units 

450 

400 

350 

300 

250 

200 

150 

100 

50 

Radio 
Sets 

Total 

Auto 
Sets 

1959 

Production 
Week of 6-3 

SOURCE: (IA 

259 

'107 

1 Ii 

J J AS ONDlfhlAM 

LATEST MONTHLY SALES TOTALS 
(Source: EIA) 
(Add 000) 

Mar. Feb. Change From 
1960 1960 One Year Ago 

Rec. Tubes, Value $31,751 $27,881 —10.0% 
Rec. Tubes, Units 36,382 32,734 — 8.7% 
Pic. Tubes, Value $15,654 $14,495 +13.4% 
Pic. Tubes, Units 794 741 +10.7% 
Transistors, Value $28,700 $24,832 +58.4% 
Transistors, Units 12,022 9,528 +90.5% 

 1960 1 —I I  

JUNE 
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PORTABLE 

AND 

PR 

that'sthe 
rA AMPORTATIC! 

If your production problem puts you 

squarely in the middle of not ready 

and not yet—quotas too high for 

hand tool crimping yet not high 

enough to justify installation of AMP 

automatic machinery—you'll find a 

minimal investment, speed-up 

answer in the AMPORTAMATIC Tool. 

The AMPORTAMATIC Tool is 

designed for continuous use to 

precision crimp a variety of AMP 

terminal types in a wide wire size 

range. For volume, bench production 

or for hard-to-reach locations— 

anywhere along the production line 

—the AMPORTAMATIC Tool delivers 

a single crimp or a fast series of 

crimps with complete reliability. 

Think there's room for this versatile 

performer in your lineup? Then you'll 

want to know more about the 

portable AMPORTAMATIC Tool. 

Send for the full st 

AMP INCORPORATED 
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
AMP products and engineering assistance are available through subsidiary companies in: Australia • Canada • England • France • Holland • Italy • Japan • West Germany 
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Burroughs 

z# 
Iii it Ifï 

40118134,., 

P. 

reOaltà 01111 

t. 

BEAM-X APPLICATIONS • 

W! 
COUNTING 

SAMPLING 

lu 

CODING • 

PRESETTIN 

FIRST OF A FAMILY 
MULTIPOSITION SWITCHES 

11‘ 

• SIZE - 
1.1" x 3" 

• LOWEST 
COST 

• WEIGHT - 
1.8 OUNCES 

• ELIMINATES 
90 TRANSISTORS, 

DIODES AND 
RESISTORS 

• RUGGED SHOCK 
AND VIBRATION 

T1: i1 il I 1 1 
DISTRIBUTION • CONVERTING • MULTIPLEXING • SWITCHING • TIMI 

• MATRIXINI: DECODING • DIVIDING • ,GATING • MEMORY 

.,411k 

toral 
It 

• OSCILLATING 



OUTPERFORMS ALL ELECTRONIC SWITCHL 

01) wk) 
• 10 CONSTANT CURRENT OUTPUTS 

• MEMORY AND AUTOMATIC LOCKING 

• TOTAL POWER — 1.2 WATTS 

• HIGH TEMPERATURE 

• LONG LIFE 

• SPEEDS FROM DC TO 10 MEGACYCLES 

• ANY NUMBER OF POSITIONS 

• OPERATING VOLTAGE FROM 12 V TO 200 V 

• PRESETTABLE TO ANY POSITION 

• OPERATES NIXIE - TUBES AND PRINTERS 

• IMMEDIATE DELIVERY 

Detailed theory, circuit design and 
application data contained in Brochure 

BX-535 . . . Write for your copy today. 

Trademark of Burroughs Corporation 

ANOTHER ELECTRONIC 
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.02-2.6 kmc 

2.6-3.95 kmc 

5.85-8.20 kmc 

7.05-10.0 kmc 

18.0-26.5 kmc 

26.0 40.0 kmc 

Noise 
Generators 

For Precise Measurement of Noise Figure 
at all frequencies from 12 mc to 40 kmc. 

The AIL Type 70 Series of Noise Generators pro-
vide: 

• Most complete frequency coverage available 

• Secondary standard of relative excess noise 
temperature 

• Useful for both automatic and manual meas-
urements 

Broad Selection 

• Eight waveguide units covering 2.6 to 40 kmc 
• One coaxial unit covering 0.2 to 2.6 kmc 
• Two Diode Units each covering 12 to 250 mc 
• Relative excess noise temperature: 15.3 db 
• Accuracy: -± 0.25 db: 50 ohm output 
• Hot-Cold Body Standard available 

All gas discharge types utilize an argon tube and 
have an output of 15.28 ±- 0.25 db. 

Maximum Usability . . . As your frequency require-
ments vary, your high standard of quality control 
may be maintained by merely adding to your selec-
tion of AIL Type 70 Noise Generators to cover the 
additional ranges. This is possible because of the 
common power and connector requirements on all 
models. 

With the exception of the Type 70 Hot-Cold Body 
Standard Noise Generator, all models may be pow-
ered by the Type 74 Automatic Noise Figure Indi-
cator for continuous automatic measurements or by 
the Type 71 Power Supply for manual measure-
ments. 

Write for complete descriptive literature. 

AIRBORNE INSTRUMENTS LABORATORY 

DEER PARK, LONG ISLAND, NEW YORK 

A DIVISION OF CUTLER-HAMMER INC. 
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Immediate Local Deliveries 
for small runs, production 
emergencies or design needs . . . 
from over 30 strategically located 
parts distributors . . . At factory 
prices in lots up to 1000 of a value. 

Would you buy 
fixed resistors 

just because they're the 

easiest to solder? 

Of course you wouldn't! 
But when you add the highest degree of "solderability" of any resistors on 

the market to top-notch reliability in other physical and electrical charac-

teristics —  well, that's something else. Like a lot of other cost-conscious 

producers, you'll then be using Stackpole Coldite 70+ Resistors! 

Stackpole Coldite 70+ "solderability" saves time and money in your 

production. It assures perfect connections that eliminate a lot of pos-

sibilities for costly field service later on. 

Coldite 70+ performance fully matches the "solderability" of the 

leads. They're designed to meet or excel MIL-R-11 in every respect. 

And they're tops in load life, humidity and moisture tests! 

Electronic Components Div.—STACKPOLE CARBON CO., St. Marys, Pa. 

STACKPOLE 
amioeoef 

fixed composition resistors 

CERAMAGe FERRITE CORES • VARIABLE COMPOSITION RESISTORS • SLIDE & SNAP 
SWITCHES • CERAMAGNETe CERAMIC MAGNETS • FIXED COMPOSITION CAPACITORS 
BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT • ELECTRICAL CONTACTS 
GRAPHITE BEARINGS, SEAL RINGS, ANODES • HUNDREDS OF RELATED CARBON & 

GRAPHITE PRODUCTS. 
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NEW FROM FXR 

the 

Latest 

iIi 

Precision. 

Microwa•-v-e 

Com.porients 

••••11•MMIMI 

FIXED COAXIAL 

ATTENUATORS 
Model 180 

• Operation from 1 — 12.4 KMc. 
(2 to 12.4 KMc for 20 db) 

• Attenuation Values 3, 6, 10, 20 db. 

• Low VSWR and frequency sensitivity. 

• Type N connectors. 

FERRITE ISOLATORS 
Model 157 

• Waveguide Sizes from 3.95 to 26.0 KMc. 

• Coax from 2.0 to 4.0 KMc. 

db Full bandwidth operation. 

• Isolation 10 to 30 db depending on fre-
quency range. 

• Insertion loss 1 db max. 

• VSWR 1.15 max. waveguide; 1.2 max. coax. 

"Promises may get thee friends; but non-performance will 
turn them into enemies." 

The growth of FXR in tie microwave industry is ample 
proof that product performance has fully supported 
product promises. 

This holds true for the specifications of these fine new 
components, which represent the latest advances in their 
respective types. 

Prompt deliveries are also a promise. 

STANDARD STEP ATTENUATOR 
Model X176 

• Step loss (by pushing rod) 40 db. 

• Calibration and frequency sensitivity 
±0.4 db max. 

• Full waveguide operation from 8.2 to 
12.4 KMc. 

• Stability dependent only on coupling throUgb 
holes in waveguide. 

• VSWR 1.1 max. 

• Insertion loss 0.5 db ma* 
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e. 

• COAXIAL BROADBAND 
BIDIRECTIONAL COUPLERS 

Model 616 and 617 

• Operation over a two octave freq. range. 

• Model 616 — 250 to 1000 Mc. 
61 7 — 1 000 to 4000 Mc. 

• Coupling 20 db, frequency sensitivity 
1.5 db 

• Directivity 20 db min. 

• Attached individual calibration curves. 

FIXED PRECISION 
ATTENUAT ORS 

Model 175 

• Operation over full waveguide frequency 
ranges. 

• Full range of sizes from 2.6 to 40 KMc. 

• Stability dependent only on locked mechanical 
setting. 

• Frequency sensitivity ± 0.3 db to 20 db. 
0.5 db 20 to 30 db. 

• VSWR 1.15 max. 

• Factory set values from 0.5 to 30 db. 

WAVEGUIDE SWITCHES 
Model 641 

• Operation over full waveguide freq. ranges. 

• Full range of sizes from 2.6 to 40.0 KMc. 

• Crosstalk 60 db min. 

• VSWR 1.10 max. 

• Manual or solenoid operation. 

• High power, capacity, 

FrICR. R.MPRMSE1•1111.ATIVMS 
in all principal cities) 

Export & Canada 

FXR REGIONAL SALES OFFICES 

New England Area: P.O. Box 92 • South Lincoln, Mass.: CLearwater 2-8162 

West Coast Area: •4I34 Del Rey Avenue • Venice. California: EXmont 1-7141-2 

Contact local representative 
in your area 

Design • Manufacture • Development 

25-26 50th Street e RA. 1-9000 
Woodside. 7.7; N. Y. TWX,NY 43745 

Precision Microwave Equipment • High-Power Modulators. Radar Components • Electronic Test Equipment 
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New tool for microminiaturization 

Now Build Your Own Micromodules 
with RCA's Basic 

Micromodule Laboratory Kit 
RCA's new Basic Micromodule Laboratory Kit provides 
a revolutionary new way to meet the challenge of micro-
miniaturization. It places full facilities for building and 
encapsulating experimental Micromodules directly in the 
hands of your own design group. From breadboard to 
finished Micromodule, you can evaluate your own circuits, 
assemble and encapsulate to your own specifications. 

COMPLETE KIT 
The new kit provides all of the tools and instructions 
needed to convert many of your existing electronic-
circuit designs into Micromodule equivalents: encap-
sulants, encapsulating mold, curing oven, cleaning 
materials, special microscope, special jigs, special air-
abrading tools and automatic-control equipment—all are 
supplied with your Basic Micromodule Laboratory Kit. 
The only additional equipment you need to build your 
own sample Micromodules in your own laboratory is a 
tank of nitrogen and ten feet of workbench. 

STEP-BY-STEP INSTRUCTIONS 
The Design Manual and Instruction Manual supplied 
with the kit give the step-by-step procedures for con-
verting to Micromodular form and for building your 
own micromodules. The Design Manual shows, for ex-
ample, how to divide circuits into units to suit Micro-
module requirements—how to determine the positions 
of microelements in the assembled Micromodule—how 
to lay out the wiring for interconnections between 
Micromodules—how to make mechanical layouts. The 
Instruction Manual clearly explains and illustrates all 
of the techniques for building and testing experimental 
Micromodules. The stock of microelements and other 
components provided in the kit can be used for a wide 
range of circuit designs. 

DESIGN ADVANTAGES 
Give your equipment designs the inherent advantages of 
microminiaturization now, with the RCA Basic Micro-
module Laboratory Kit—component densities to several 
hundred thousand parts per cubic foot, greater reliabil-
ity through redundancy, room to improve accuracy, pre-
cision, control, sensitivity, and selectivity. 

AVAILABLE NOW 
Your RCA Field Representative is ready to give you the 
details on the new RCA Basic Micromodule Laboratory 
Kit. He also has complete information on standard 
Micromodules available from stock for application in 
your new or existing designs. Remember, micromodu-
larized end-equipment is probably your number one goal 
today—and it's ready for you now with RCA Micro-
modules. Give your local RCA office a call today! 
For your copy of RCA's new, complete Micromodule 

Design Manual, send $2.00 today to RCA Semiconductor 
and Materials Division, Commercial Engineering Sec-
tion F19-NN-Z, Somerville, N. J. 

With RCA's easy-to-use new Basic Micromodule Laboratory Kit you 
design and assemble your own experimental Micromodules ...mini-
mize time lag between design and testing ...eliminate outside engi-
neering costs ... maintain internal control of your new designs. 
Air-abrading technique illustrated makes it possible to tailor Micro-' 
modules to your own requirements from a minimum stock of "uni-
versal" microelements. 

X • k • bt • lit • 

The Basic RCA Micromodule Laboratory 
Kit is furnished with all components, 
equipment and manuals necessary for 
designing, assembling and encapsulat-
ing your own experimental Micro-
modules from worksheet to finished 
Micromodule. 

Microelement ce-
ramic capacitor 
(magnified) with 
"universal" multiple 
terminations (top) 
can be abraded to 
give custom tailored 
capacitance values 
and provide the ter-
minal arrangement 
you want (bottom). 

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES 

EAST: 744 Broad St., Newark, N. J., HUmboldt 5-3900. NORTHEAST: 162 Second 
Ave., Needham Heights 94, Mass., HIlIcrest 4-7200. EAST CENTRAL: 714 New Center 
Bldg., Detroit 2, Mich., TRinity 5-5600. CENTRAL: Suite 1154, Merchandise Mart 
Plaza, Chicago, Ill., WHitehall 4-2900. WEST: 6355 E. Washington Blvd., Los 
Angeles, Calif., RAymond 3-8361 • 1838 El Camino Real, Burlingame, Calif., OXford 
7-1620. SOUTHWEST: 7905 Empire Freeway, Dollas 7, Texas, FLeetwood 7-8167. 
GOV'T: 224 N. Wilkinson St., Dayton, Ohio, BAldwin 6-2366 • 1725 "K" Street, 
NW., Washington, D. C., FEderal 7-8500, 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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PACEMAKER LINE 

Seven full waveguide bandwidths are each 
covered by a separate meter in this 532 series 
of nine reaction-coupled frequency meters, 
extending over the complete range from 3.95 
to 40.0 kmc/s. 
These frequency meters consist of a TEin 

mode cavity resonator tuned by a non-
contacting plunger. Ruggedness for long 
trouble-free life is assured by the all-metal 

housing. Maximum readability, resolution 
and accuracy to ±-0.08% are the result of 
an optimized design distinguished by a 

drum type spiral scale more than 8 feet long. 

Type Na. 
Frequency Range Waveguide 

(kmc/sec) (Size in Inches) 
Accuracy 

Flange Price 
(%) 

532 3.95 to 5.85 2 x 1 UG-149/U ±.08 $380 
533 5.85 to 8.2 11/2  x 3/4  UG-344/U ±.08 $295 
534 7.0 to 10.0 11/4  x % UG-51/U ±.08 $290 
535 8.2 to 12.4 1 x 1/2  UG-39/U ±-.08 $175 
536 12.4 to 18.0 .702 x .391 UG-419/U --t"..1 $285 
537 18.0 to 26.5 .500 x .250 UG-425/U $290 
537-F1 18.0 to 26.5 .500 x .250 UG-595/U $290 
538 26.5 to 40.0 .360 x .220 UG-381/U --t:.2 $300 
538-F1 26.5 to 40.0 .360 x .220 UG-599/U $300 

BROADBAND 
DIRECT READING 

FREQUENCY METERS 
Most Complete Line... 

For Every Purpose, Every Budget 
High Precision, Direct Reading Meters (0.015%) 
Series 555 to 579 consists of 30 different types covering from 
0.925 to 39.0 kmc/s. Representing highest state of the art, 
these frequency meters fully qualify as transfer or second-
ary standards for exacting laboratory or production service. 
Features include: hermetically sealed invar cavity, temper-
ature-compensation, high Q, optimum cavity geometry, high 
conductivity plating. Price range: $1200.-$1500. 

Precision Heterodyne Frequency Meter (0.002%) 
PRD 504, for 100 to 10,000 mc/s with accuracy of 0.002% at 
crystal check points every 5 mc/s and 0.03% or better 
between check points. Automatic interpolation by unique 
patented spiral-scale dial. Beat indication by both external 
earphones and built-in CRT. Meter is self-contained and 
portable. Price: $695. 

Inexpensive, Direct Reading Meters (0.08%) 
Series 585-A to 590-A affords excellent accuracy at lowest 
cost from 5.1 to 10.0 kmc/s. Ideally suited for panel mount-
ing and systems use. Price range: $150.-$350. 

Direct Reading UHF Meter (±0.2%) 
PRD 587-A, covers range 250 to 1000 mc/s. Spiral drum 
scale 60 inches long enables precision direct reading. May 
also be used as a tunable narrow band filter. Price: $275. 

PRD ELECTRONICS, INC. A Subsidiary of Harris-Intertype Corporation 

Formerly Polytechnic Research & Development Co.. Inc. 

202 Tillary Street, Brooklyn 1, New York, ULster 2-6800 
2639 So. La Clenega Blvd., Los Angeles 34, Calif., UPton 0-1940 

electronics • JUNE 24, 1960 CIRCLE 33 ON READER SERVICE CARD 33 



AUTOMATIC CONTROLS 

CONFERENCE 

OPENS IN 

MOSCOW 
NEXT WEEK 

Some 150 Americans are among 700 
experts gathering to exchange notes 

Moscow University's main auditorium, where plenary sessions will 
be held. Control instruments will be exhibited in foyer outside 

'r 
le 

amedee......-
- --

4 _ - •----

Night view view of centuries old Kremlin. Excursions 
on Moscow River, shown here, are available 

By ERNEST CONINE 
McGraw-Hill World News 

Moscow (McGraw-Hill World 
News)—Hundreds of automation 
experts from both the Communist 
and non-Communist worlds gather 
here next week to exchange notes— 
and get at least a limited look at 
the progress of automatic cootrol 
in the Soviet Union. 
The first congress of the litter-

national Federation of Automatic 
Control, founded in Paris in 1957, 
opens June 27 in the main audito-
rium of Moscow University's 32-
story "wedding cake" skyscraper in 
the Lenin Hills section of the Scviet 
capital. 

In addition to a "substa tial 
number" of Soviets, the meeting is 
expected to be attended by 700 to 
800 delegates from almost 30 other 
countries, including some 150 
Americans. 
The host committee, composed of 

prominent Soviet scientists, has 
been at work for months making 
arrangements for the congress and 
choosing the 285 papers to be pre-
sented. 

Discuss Theory 

To quote one Soviet scientiit's 
joking remark: "We have been so 
busy preparing for this meeting 
that you Americans will pass us up 
in automation." 
About half the reports will be 

devoted to the theory of automatic 
control, and the rest to the technical 
means and methods of introduction 
of automatic devices. 
The greatest contributions, 4u-

merically speaking, will be made by 
Soviet and American delegates— 
presenting 81 and 73 papers, re-
spectively. 

In addition to contributions from 
western industrial powers, papers 
also will be presented by delegates 
from India, Red China, Poland, 
Rumania, Hungary, East Germany, 
Czechoslovakia, Yugoslavia a n d 
Japan. 
The main sessions will be pre-

sented in English, Russian, French 
and German. English and Russian 
will predominate in the smaller 
technical sessions. All papers will 
be printed in these two languages, 

Alexander M. Letov, Soviet auto-
mation theorist and president of 
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IFAC, thinks "the papers will con-
tribute very valuable scientific in-
formation about modern problems 
of automatic control. They should 
give the participants a basis for 
good scientific discussions." 

Letov expects nine technical ses-
sions in the field of theory (his own 
pet field), five in components and 
six in applications. 

Russian and English translations 
of all papers are being distributed 
in advance of the meeting. 
About 100 scientists and engi-

. neers from different countries will 
preside at the sectional meetings, 
supply comments on and sum up the 
debates and prepare written reports 
on the results. A general report on 
the work of all sections will be read 
at the final plenary meeting. 
The hosts also expect that sys-

tematic exchanges of automation 
information between federation 
members from different countries 
will be set up. This will be the 
province of scientific-technical com-
mittees, multinational in character, 
organized along the lines of theory, 
technical means, application, termi-
nology, personnel training and 
bibliography. 
The congress' program also in-

cludes exhibition of literature on 
problems of automation, remote 
control and computing machines; 
exhibition of automation instru-
ments and techniques "of the latest 
type"; showing of some 30 scien-
tific-technical films on automation 
produced in the Soviet Union, the 
U. S., Great Britain, France, Italy, 
Belgium and other countries; and 
visits to Soviet industrial establish-
ments utilizing automatic control. 

Industrial Excursions 

The business sessions at Moscow 
University will last seven days; 
then, delegates who wish will make 
industrial excursions to Leningrad 
or Kiev. (Earlier excursions will 

' be available in the Moscow area.) 
Visits to the Institute of Automa-

tion and Telemechanics in Moscow, 
and the Ukrainian Institute of 

. Automation at Kiev definitely are 
on the list. But the Soviets have 
been chary of specifying in advance 
what plants will be open for inspec-
tion. 

"However," promises organiza-
tion committee member Ivashin A. 

Grigorivich, "there will be enough 
of them, I assure you." 

Demonstrati,ons are expected to 
include automatic lines in the fields 
of metallurgy, chemical processing, 
machine building, and instrument 
construction; application of digital 
computers in controlled industrial 
processes and some self-adaptive 
control systems. 
The Soviets have said that dele-

gates may arrange individual in-
dustrial visits outside the frame-
work of the IFAC congress. 

Friendly Welcome Expected 

The recent political troubles be-
tween the U. S. and the Soviet 
Union, climaxed by the failure of 
the summit conference at Paris, do 
not appear to have dampened the 
Soviet interest in technical ex-
change programs—programs from 
which they presumably have been 
getting a net benefit. Westerners 
living in Moscow can notice little 
or no change in Soviet citizens' atti-
tude of friendliness to Americans. 
Automation and mechanization 

are at the heart of the Soviet 
Union's plans to increase its work-
ers' productivity (now only half 
that in America) and overtake U. S. 
industry within 10 or 12 years. 
The Soviets plan to put at least 

1,300 automatic lines into service 
during the current Seven Year 
Plan, which began with 1959. The 
Soviet press has told of automated 
copper mills, steel mills, oil fields, 
power stations and machine tools. 
But it has also told of problems: 
slowness of economic planners and 
factory managers to adapt auto-
matic control techniques, a tendency 
to automate individual operations 
in a plant but not an integrated 
production process, etc. 

Delegates to the IFAC meeting 
will have an opportunity to check 
their own impressions against those 
of Communist Party leaders within 
days after the congress ends—when 
the Central Committee of the party 
holds its meeting in Moscow in July. 
High on the agenda is a review 

of progress in the effort to mecha-
nize and automatic Soviet industry. 
If past history is a guide, the meet-
ing will produce much praise for 
various jobs well done—and some 
very hard and specific criticism of 
abject failures. 

'59 Parts Sales Up, 
Profit Margin Steady 

COMPONENT manufacturers say 1959 
was the best year in their history, 
according to the National Credit 
Office, which recently completed a 
survey of operating results among 
31 large firms in the field. 

Total sales of the group were up 
23 percent for the year; profits 28 
percent. Altogether, they racked up 
$633.5 million of sales and $24.8 
million in profits. 
But the profit picture was not as 

good as it looks at first glance. 
Despite big dollar increases in sales 
and profits during 1959—$129 mil-
lion and $6 million respectively— 
profit margin (net profits as a per-
centage of sales) advanced only 
from 3.7 percent in 1958 to 3.9 per-
cent in 1959. 

Moreover, this slight improve-
ment compares unfavorably with 
the 4.1 profit margin earned in 1957 
on sales which were 18 percent less 
than 1959. 

Increased labor, material and 
overhead costs in 1959 were the 
chief reasons for limiting profit 
margin growth, survey reports. 

Computer Will Advance 
Submarine War Training 

LARGE-SCALE digital computer is 

destined to be the core of a $3.6-
million nuclear-submarine training 
center. The computer, a Honeywell 
800, will permit the Navy facility 
to achieve a high degree of realism 
in waging mock undersea battles 
using modern tactics, weapons. 
The trainer will be installed by 

Minneapolis Honeywell at the 
Navy's Submarine School in New 
London, Conn. Computer will be 
used to compute ship movements 
and performance, calculate damage, 
keep track of tactical situation. 
Within the three-story trainer 

building, attack centers of three 
nuclear submarines will be accu-
rately duplicated. Radar and sonar 
presentations will show trainee 
commanders the situation in detail. 

Periscopes will be connected by 
closed-circuit tv to models of tar-
gets on a mock sea, automatically 
positioned for correct aspect and 
distance. 
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Only EX-CELL-0 Contour 
Projectors* Give You ALL! 

LARGEST WORK AREA—Constant eight 
inches of work space from lens to 

focal plane regardless of magnification. Plenty 

of room for large objects. 

UNSURPASSED ACCURACY—Famed 
Kodak Ektare lenses guarantee re-

liable measurements with clear accurate images 

over entire screen. 

BRILLIANT SURFACE ILLUMINATION — 
Original design, "direct-on" built-in 

surface illuminator gives extra bright image and 
full work clearance at all magnifications. 

ERECT—UNREVERSED IMAGE—Correct, 
normal appearing images at all mag-

nifications, eliminate confusion, simplify opera-

tion and save time. 

COATED LENSES AND MIRRORS—Pro-
duce clear sharp images characteristic 

of Ex-Cell-0 Contour Projectors. Have been 
standard on e models for many years. 

BRIGHT, GLARE-FREE SCREEN—The 
"Fresnel" lens is exclusive with Ex-

Cell-O, permits operator to see entire screen 
evenly illuminated from normal position. No 

"hot spots". 

TRUE MEASURING PRECISION—AU 
Ex-Cell-0 Contour Projectors not 

only read to tenths—they measure to tenths. 

FINGERTIP CONTROLS—a-Cell-0 
Contour Projectors are designed for 

maximum convenience and comfortable all day 
operation. Easy-to-reach controls. 

n RUGGED CONSTRUCTION—The long 
established reputation of Ex-Cell-0 

for precision and quality assures years of trou-

ble free operation. 

El
YOUR OGP REPRESENTATIVE—Will 
help you make sure you get the right 

Ex-Cell-0 Contour Projector to fit your optical 

gaging requirements. Call him today! 

Write for new edition of 
EX-CELL-0 Contour Projector 
Booklet —Available 

'Manufactured by EX-CELL-0 Corporation at Detroit, Mich. 
SOLD AND SERVICED BY 

OPTICAL GAGING PRODUCTS, INC. 
26 FORBES STREET ROCHESTER 11, N. Y. 

(A subsidiary of EX-CELL-0 Corporation) 
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Tung-Sol/Chatham 6336A lets HUGHES 
shave size of vital power supply 

This is Hughes' 9-in-1 powerhouse. It's doing a 
mighty turn in the national defense effort at 
Hughes' El Segundo plant. There the Integrated 
Power Supply is serving as a comprehensive power 
source for testing fire control systems. It supplies 
9 DC voltages and delivers up to 2 kilowatts with 
the kind of accuracy that makes these systems 
perform with split-second precision. 

Hughes selected the Tung-Sol 6336A's to handle 
the all-important voltage regulation function. A 
34-tube bank is used. Hughes' reasons for selecting 
the 6336A were twofold. High efficiency to keep 
wasted power heat low was half the story. The 
other half — superior power handling ability in 
a small "bottle". These attributes, combined with 
mounting flexibility, helped Hughes come up with 
a small package size and a minimum cooling sys-

tem. Hughes also enjoys the reduced downtime 
and maintenance requirements resulting from the 
6336A's long life and high electrical stability. 

Why don't you get the benefit of Tung-Sol's 
components know-how, too? Whether it's tubes or 
semiconductors — and there's a premium Tung-Sol 
Unit for virtually every military and industrial 
need — you'll be designing only the best com-
ponents into your circuit. Like Hughes you'll be 
getting quality units that have made the name of 
Tung-Sol synonymous with the finest componentry. 
Tung-Sol Electric Inc., Newark 4, New Jersey. 
TWX: NK193 

Technical assistance is available through the following sales 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
Dallas, Tema; Denver, Colo.; Detroit, Mich.; Irvington, N. J.; 
Melrose Park, Ill.; Newark, N. J.; Philadelphia, Pa.; Seattle, 
Wash. Canada: Toronto, Ontario. 

TUNG-SOL 

84L TUNG-SOL 
CHATRC 

441Yroirimosel' e 
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FREQUENCY CONFERENCE: 

Atomic Clocks and Quartz Crystals 

Today atomic clocks are being packaged for industrial, laboratory 

and missile use; research continues on quartz crystals 

By GEORGE J. FLYNN 
Associate Editor 

QUARTZ CRYSTALS and atomic clocks 
were the subjects of major interest 
at the fourteenth annual Frequency 
Control Symposium. The confer-
ence, attended by an estimated 500 
engineers and scientists from in-
dustry and government, was held 
recently in Atlantic City and was 
sponsored by the U. S. Army Signal 
Research and Development Labora-
tory, Ft. Monmouth, N. J. 

N. F. Ramsey of Harvard Uni-
versity reported on progress toward 
a stored beam atomic clock that will 
use atomic hydrogen. Hydrogen is 
directed into a chamber whose sides 
have been coated with a special par-
affin. The hydrogen atoms are not 
allowed to emerge from the box di-
rectly but must bounce off the walls 
numerous times before they acci-
dentally strike the small exit hole. 
The result is that the beam is stored 
inside the chamber for a longer 
time than is possible with typical 
beam clocks. The longer the beam 
can be stored, the greater the ac-
curacy of the clock. The illustra-
tion shows how the beam is made to 
bounce around inside the chamber. 

First tests were made with 
cesium—because of availability and 
ease of use—in a relatively small 

chamber. About 190 collisions were 
obtained between the walls and in-
dividual atoms and an emerging 
beam was formed. With the op-
erating principle verified with 
cesium, experiments are being 
made with hydrogen in a chamber 
approximately 1 meter on a side. 
The number of bounces is expected 
to be on the order of 2,000. If the 
tests are successful, an atomic clock 
with an accuracy of 1 part in 10" 
should be possible. This is approxi-
mately two orders of magnitude 
better than available clocks, would 
amount to 1 second in 320,000 
years. 

Quartz Crystals 

Approximately half the confer-

OSCILLATORY FIELDS 

ATOMIC 
HYDROGEN 

BEAM 

EAU STORAGE 

EMERGING 

BEAM 

By holding the atoms for a longer 
time in the area between the two os-
cillatory fields, measurement of the 
precession rate can be done more ac-
curately, thus allowing a more accu-
rate clock 

LEAK TEST OF HERMETICALLY SEALED CRYSTALS 

Test Temperature, 

Degrees C 

Number 

Tested 

Small Large 

Leaks Leaks 

Total No 

Leaks Leaks 

25 
85 
125 

Totals: 
Percent: 

230 
196 
143 

569 
100 

158 
150 
87 

395 
69.5 

23 
19 
35 

77 
13.6 

181 
169 
122 

472 
83 

49 
27 
21 

97 
17 

ence papers were on quartz crystals. 
Significant data comes from tests 
being made by R. B. Belser and his 
associates at the University of 
Georgia. Under a contraqt from 
USASRDL, commercial gra e, her-
metically sealed crystals ha 'e been 
undergoing tests for several years. 
Shown in the table are the results 
of leak tests on almost 600 units. 
Leaks were found in 83 percent of 
the units tested. The most 
leak points were at the pi 
tube, at the base seal, arm 
socket pins and where identi 
marks were stamped in the cover. 
The most significant par4meters 

causing aging—evident a fre-
quency drift—are various ianges 
in the metal film on the qua z sub-
strate. The film is affected y cor-
rosion, diffusion, adsorption alloy-
ing if overplating is used and stress 
relieving actions. Corrosien and 
adsorption are believed to be the 
major and most frequent c4use of 
aging but these processes can be 
stopped by meticulous cleaning and 
true hermetic sealing. Glass seems 
at present to be in favor over metal 
as the crystal container, pnobably 
because it is easier to insp4ct for 
cleanliness. 
A summary of the effects of nu-

clear radiation on quartz crystals 
was presented by J. M. Stanley of 
USASRDL. Tests are being con-
ducted by Admiral and Bendix. 
Crystals are generally not greatly 
affected by radiation and unils with 
a precision • of 0.005 perce t will 
probably not be harmed by j radia-
tion of the level found in t e Van 
Allen belts in outer space. However, 
units projected for future use, with 
stability specifications of 3 parts in 
10', may be affected. The teats are 
being continued, with particuaar at-
tention directed at the transient ef-
fects of radiation. 

typical 
nch-off 
nd the 
cation 
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Talking Grapefruit 

Analog recorder at Florida Minitrack 
station translates signals 4 times a day 
from still-busy Vanguard I 

Firms Plan to Hire 

44% More New EEs 

U. S. FIRMS plan to hire 44 percent 
more electrical engineer graduates 
this year than in 1959. Last year, 
1,148 new EEs were hired. This 
year companies aim to obtain 1,656. 

There will be more job offers in 
1960 for college graduates in all 
fields and for engineers in general. 

Information comes from the De-
partment of Labor which has sur-
veyed intentions of 211 firms who 
actively recruit university and col-
lege graduates, and who are con-
sidered representative of large and 
medium-sized firms active in re-
cruiting. 

Starting Salaries 

Average monthly starting sala-
ries this year for engineers is $504, 
survey shows, as against $489 in 
1959. But separate salary informa-
tion on electrical engineers was not 
obtained. 
The average starting salaries are 

probably somewhat higher in actual 
practice because past experience 
has shown that salaries offered in 
the spring tended to be higher than 
intentions indicated in November, 
when poll was taken. 

Companies report this year they 
will offer at least $80 a month more 
on the average to engineers than to 
general business graduates. This 
differential has been increasing in 
past five years. In 1955 it was $32. 

EYEFUL of technical data on precision resistor and potentiometer wire 

Two new catalog-manuals containing complete information on 

Mal  

TWO NEW HOSKINS 

800 OHM ALLOYS 

PMPI 

If you make potentiometers or precision wire wound 
resistors, these manuals are meant for you! They're 
loaded with helpful technical information—show all 
physical properties and electrical characteristics, list 
bare and enameled wire specifications. And they con-
tain much useful application data compiled especially 
to help you produce more and better control compo-
nents with these two new performance-proved alloys: 

Chromel-R: A modified 80-20 type nickel-chromium 
alloy possessing electrical resistivity of 800 ohms per 
cmf at 20° C., low temperature coefficient controlled 
within 0 ± 10 ppm per °C.—plus exceptional linearity 
and stability from —65° to +150° C. 

Alloy 815-R: A lower density, higher resistivity fe-cr-al 
material that gives you 14% more ohms per pound. 
Has good strength and ductibility, excellent resistance 
to wear and corrosion. Resistivity is 815 ohms per 
cmf at 20° C., temperature coefficient 0 ± 10 ppm 
per °C. in the range from —65° to +150° C. 

Send for copies today—plus samples of both alloys! 

HOSKINS MANUFACTURING COMPANY 
4451 Lawton Avenue • Detroit 8, Michigan 

In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 

Producers of Custom Quality Resistance, Resistor and Thermo-Elecfric Alloys since 1908 
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New temperature controlled MICROSTACK  meets 

-55°C to +85°C 

4096 x 8 module. Unit 
can be stacked for any 
wordL red. 

I N DIANA 

GENERAL 

MILITARY REQUIREMENT 

!CTrrtruitu; 

1%-fflisiiiesüttrumettottrims 

The General Ceramics MICROSTACK, one of the most 
important advances in memory core packaging, now 
operates in a temperature range of from —55°C to 
+85°C. Core characteristics remain constant. By main-
taining temperature stability inside the MICROSTACK 
unit, General Ceramics engineers have developed a 
memory core package that is smaller, more rugged, 
requires no external cooling or heating, and meets MIL 
shock and vibration specifications. 

For additional information, please write on company 
letterhead. Address inquiries to Section E. 

APPLIED LOGIC DEPARTMENT 

GENERAL CERAMICS 
KEASBEY, NEW JERSEY, U.S.A. 

TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS 
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OHMITE 
RESISTORS 
4ivvvvvy 

THE EXACT RESISTOR YOU NEED-WHEN 
YOU NEED IT-FOR EVERY INDUSTRIAL 
AND MILITARY REQUIREMENT 

Fixed ... adjustable ... tapped ... noninductive ... precision 
metal film and encapsulated wire-wound . . . thin type . . . 
high-current—practically any resistor you need, you can find 
in the Ohmite line. 

W ORLD'S LARGEST STOCK. FOR IMMEDIATE DELIVERY—Chances 
are Ohmite's huge stock of several million resistors in 

more than 2000 sizes and types contains a unit that fits your 
requirements. Many types are also available through Elec-
tronic Parts Distributors located across the Nation. 

OUR CUSTOMERS KNOW THE VALUE OF OHMITE QUALITY— 
When a purchaser sees Ohmite resistors in a piece of 

equipment, he knows that equipment is designed and built 
for dependability. 

HMITE ENGINEERING ASSISTANCE ASSURES THE RIGHT UNIT-

Selecting the right resistor for the job is sometimes a 
tough problem. Why not call on Ohmite application engi-
neers to help out. Take advantage of their specialized skills 
and background. 

Write on Company Letterhead for 
Catalog and Engineering Manual 58 

AXIAL 

FIXED RESISTOR:', 

POWRL,P3' 

ENCAPSU LA TED • 
•". PRECISION BROWN 

OURS'. 

DIVIDOlif" 
ADJUSTABLE 
RESISTORS 

/11IN RESISTORS 

ENCAPSULATE; 
PRECrilLTN 

METAL 

TPErCileOL: if? 

ire MOLDED 
POWER 

PRECISION, 

OriMITE Quality Components 
OHMITE MANUFACTURING COMPANY 

3610 Howard Street, Skokie, Illinois 

RHEOSTATS • RESISTORS • TAP SWITCHES 

RELAYS • R.F. CHOKES • TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS • GERMANIUM DIODES 
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AVNET ELECTRONICS CORP 

BLACK IS BLACK and 

When you ask for BLACK you should get BLACK. Not WHITE. Not GREY. LACK, 

When you ask Avnet for o specific group of components, to be delivered 
to a certain place, at a certain time, we are sure that's exactly 
what you mean. And that is exactly what Avnet gives you. 

In addition, Avnet's Sales Engineers are on call anytime, anywhere 
in the U.S. Their primary job is to assist you in solving tough Engineering 

problems. Just call the Avnet Office closest to you. 

Service Centers and Stocking Facilities in: 

Los Angeles, Col Sunnyvale, Cal. Chicago, Ill. Dayton, Ohio Westbury, L. I. Burlington, Mass. 

AVItilef dittdbieet from Its stocking facilities: BENDIX SCINTILLA CONNECTORS, SPERRY SEMICONDUCTORS, SHEEM SEMICONDUCTORS, ELECTROSNAP 
and HETHERINGTON SWITCHES, GREMAR CONNECTORS, CLARE RELAYS, ROBERTSON SPLICE & CONNECTOR CASES, BABCOCK RELAYS, 
V1IIREX FASTENERS by GENERAL TIRE & RUBBER CO., U. S. SEMCOR SEMICONDUCTORS, SANGAMO CAPACITORS, SPRAGUE CAPACITORS 
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Model Perceptron Makes Debut 
Nondigital self-organizing machine identifies objects or patterns 

By WILLIAM E. BUSHOR, 
Associate Editor 

A WORKING MODEL extension of the 
basic perceptron concept — previ-
ously simulated on high-speed digi-
tal computers—was publicly demon-
strated for the first time this week 
by Cornell Aeronautical Labora-
tory. 

This experimental nondigital 
self-organizing machine — dubbed 
Mark I—is capable of being trained 
to automatically identify objects or 
patterns, such as letters of the 
alphabet. 

Sensory Units 

Basically an electronic-electro-
mechanical device, the machine con-
sists of photocell sensory units 
which view the pattern, association 
units which contain the machine's 
memory and response units which 
visually display the machine's pat-
tern recognition response. 

During the demonstration, the al-
phabet from a single type face was 
shown to the machine and it cor-
rectly identified the letters without 
error. (A featured article describ-
ing the machine's operation and 
performance will appear in ELEC-
TRONICS' July 22 issue.) 

Dr. Frank Rosenblatt, who origi-
nated the perceptron theory, 
stressed that unlike some pattern 
recognition machines, the Mark I 
does not recognize forms by match-
ing them against an inventory of 
stored images or by performing a 
mathematical analysis of character-
isticts. He said the machine's recog-
nition is direct and almost instan-
taneous since its memory is in the 
form of altered pathways through 
the system rather than a coded 
representation of the unique 
stimuli. 
The perceptron research pro-

gram, underway since 1956, is un-
der sponsorship of the Information 
System Branch of the Office of 
Naval Research, with assistance of 
the Air Force's Research and De-
velopment Command. 

Operator sets response unit on perceptron during forced-learning experiment 

The machine is a limited capacity 
version of what eventually may be-
come a family of efficient pattern 
recognition machines. CAL scien-
tists emphasize that the present 
equipment is intended for research 
purposes only, and has not been 
designed for particular applica-
tions. Currently it performs only 
the simplest pattern recognition 
tasks and is of scientific interest be-
cause of its use of new principles, 
rather than its present level of per-
formance. 

Variety of Inputs 

Perceptrons might eventually be 
used in many situations which now 
require human operators to dif-
ferentiate between patterns. Such 
machines would be larger than the 
Mark I, although constructed on the 
same principles. A variety of inputs 
would be handled. For example, 
they would be able to receive audio 
as well as visual stimuli. 
A CAL physicist thinks it is pos-

sible that future large-capacity per-
ceptrons could be used to read print 
of various type faces and recognize 
spoken words. Similar machines 
might also be used to extract salient 

features from photographic infor-
mation. 

Considerable research and devel-
opment effort lies ahead before per-
ceptron-type machines can be de-
signed for such applications, and it 
remains to be demonstrated that 
their use will prove economically 
feasible. 
M. C. Yovitz, of ONR, points out 

that the fundamental significance 
of machines like the perceptron for 
eventual uses in the solution of 
many scientific, engineering and 
military problems is recognized by 
the military services, particularly 
for the processing of non-numerical 
information. 
He also says that ONR and 

RADC are sponsoring a research 
program with Ford's Aeronutronic 
division to simplify the design of 
perceptron association units by us-
ing small magnetic components. 
Warren Dunn, of RADC's Direc-

torate of Intelligence and Elec-
tronic Warfare, commented that his 
people are convinced that develop-
ments such as the Mark I percep-
tron could represent a significant 
breakthrough in the field of intelli-
gence data processing. 

electronics • JUNE 24, 1960 43 



weigh 
measure 
check 
test 

automatically 

Testing processes can be time consuming and are 
subject to human fatigue factors and human error. 

Any process that involves measurement, weight, 
counting, computation or the evaluation of known 
positive factors can be reduced to automatic 
testing. 

North Electric Company has, for years, led the 
field in designing, engineering and manufactur-
ing such "test" equipment. 

North equipment is performing such varied 
functions as automatic weighing and price com-
putation in food processing, coin collection and 
axle count at super-highway toll gates, circuit 
and cable testing, automatic sequential produc-
tion line testing and evaluation, even fault simu-
lation and check-out on missiles. 

Automatic testing is faster, completely accu-
rate, can be remotely controlled and frees skilled 
manpower for other work. 

If you have any process that involves testing, 
in the broadest sense of the word, North 
Electric's system-concept-minded engineers can 
"automate" it. 

North Electric's engineering team has devel-
oped, engineered and built over 5,000 system 
complexes, many of which have been in contin-
uous service for decades. 

To learn exactly what NORTH CAN DO FOR 
YOU — write, wire or phone 

ELECTRONET/CS DIVISION 

NORTH ELECTRIC COMPANY 
646 S. MARKET ST. GALION, OHIO 

60-8-2 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 
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custom made to your needs 

GENERAL INSTRUMENT 

PACKAGED 
ASSEMBLIES 

Silicon Rectifiers 

Silicon and Germanium 
Diodes 

in any shape... in any circuit configuration 

Want semiconductors in a special package? General Instrument 

will make up rectifiers and diodes in any packaged assembly 

needed to fit your specific requirements. Units can also include 

resistors, capacitors, etc. to produce complete circuit packages 

if you desire. 

Let us accept the shrinkage and other technical problems — it's 

our business and we have the experience and facilities to do a 

superior job. Result will be a compact package virtually unlimited 

in Ply, with all the reliability General Instrument semiconductors 

are noted for. Total cost? Even less than if you developed your 

own package. Write or call today for further information. 

Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 

65 Gouverneur Street, Newark 4, N. J. 
Midwest ioffice. 5249 West Diversey Ave., Chicago 39 

Western office. 11982 Wilshire Blvd., Los Angeles 25 

GENERAL INSTRUMENT CORPORATION INCLUDES F W SICKLES DIVISION. AUTOMATIC 

MANUFACTURING DIVISION SEMICONDUCTOR DIVISION RADIO RECEPTOR COMPANY INC 

THE HARRIS TRANSDUCER CORPORATION MICAMOLD ELECTRONICS MANUFACTURING 

CORPORATION AND GENERAL INSTRUMENT F W  SICKLES OF CANADA LTD ISUEISIDIARIER1 
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British Show Industrial Gear 
TWO OUTSTANDING 

HIGH-TEMPERATURE 

a 
te:* 

FOR CONTINUOUS OPERATION AT 

HOTTEST SPOT TEMPERATURES 
UP TO 

FOR CONTINUOUS OPERATION AT 

HOTTEST SPOT TEMPERATURES 

UP TO 

For continuous operation at hot-
test spot temperatures up to 
200°C (392°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 silicone 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-
tins 405 (Tetroc Wires)and 
400A (Ceroc Wires). 
SPRAGUE ELECTRIC COMPANY 

35 Marshall Street, North Adorns, Mass, 

SPRAGUE® 
THE MARK OF RELIABILITY 

Instruments, controls, electron microscopes, 

advanced communications in New York exhibit 

THE BRITISH EXHIBITION—Still run-
ning this week at New York's Coli-
seum—contains a number of ex-
amples of advanced electronic de-
sign. Stress in British electronics 
as demonstrated at the big show is 
on commercial and industrial gear. 

Item: Molins' Mark 8 cigarette-
making machinery, which uses elec-
tronic weight-analyzing and record-
ing equipment to ensure uniform 
filling of the cigarette and accurate 
unit weight. The system can be 
hooked up to as many as 35 ma-
chines, each capable of turning out 
1,500 cigarettes a minute. 
The Pye group's exhibit at the 

show lays stress on a 20-line all-
electronic telephone switchboard be-
ing offered for export. In the tv 
field, Pye's exhibit includes a 3-D 
(stereoscopic) television system, a 
long-nosed closed-circuit tv camera 
specifically designed for internal in-
spection of nuclear reactors, and an 
underwater camera that has been 
proved out in various submarine 
salvage jobs. 

Ferranti is showing a viscosity 
meter with automatic flow-curve re-
corder designed to study anomalous 
behavior in complex fluids. Other 
industrial instruments in the com-
pany's exhibit are a portable vis-
cosity meter and a peak accelerom-
eter. 

Kelvin & Hughes demonstrates a 
rapid-processing photographic pro-
jector designed to capture oscillo-
scope traces continuously on 35-mm 
film, produce a finished copy in six 
seconds, and project the images on 

an 18-ft screen in continuous se-
quence as rapidly as they are taken. 
Units similar to the one on display 
are already in use in this country's 
defense establishment, 48 of them 
in the SAGE system alone. 

Associated Electrical Industries 
is conducting a series of demonstra-
tions of the use of electron micro-
scopy in physical and biological 
research. In the AEI exhibit, image-
intensifier gear permits the passer-
by to watch submicroscopic plant 
and animal activity, and see such 
phenomena as thin gold films evap-
orated on salt, on two large line-
monitor sets. For tv transmission, 
the selenium plate on which the 
magnified image appears is scanned 
by an electron gun synchronized to 
the receiver raster. 
ITT affiliate Standard Telephone 

& Cables is demonstrating a trian-
gulation system that enables control-
lers on the ground to pinpoint air-
craft position by direction-finding 
techniques from two or more points. 
D-f gear includes a stationary cir-
cular antenna array of 12, 18 or 24 
antennas (depending on frequency 
band and accuracy requirements). 
Antennas are sampled in rapid se-
quence for 0.001 sec; relative am-
plitudes of received signal from 
each antenna are measured to de-
rive bearing. Fix data are remoted 
for presentation on tv-type con-
trollers' display. 
STC is also exhibiting an all-elec-

tronic telegraph switching system 
dubbed STRAD (signal transmitting, 
receiving and distributing) which 

Sound and Physiology Studied 

Loudspeaker array made by Stromberg-Carlson is a keystone of Air Force 
studies of high intensity sound and its relation to human physiological reactions 
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(Adverti r molt) 
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can take messages from a number 
of incoming circuits, store them 
temporarily on a magnetic drum, 
sort them by destination, and re-
transmit to correct outgoing circuit 
in order of time of arrival and pri-
ority. System can handle 83,000 
words a minute. 

Hi-fi and stereo gear are also on 
display at the exhibition, as are 
a broad spectrum of components. 
Components range from high-fig-
ure-of-merit tubes through semi-
conductor diodes and conventional 
transistor types to zener reference 
diodes, silicon photocells and double-
diffused mesa transistors. Tape.. 
handling equipment for computer 
systems is also on display. 
The show concludes Sunday. 

Gas Chromatography 
Highlights Meeting 

MONTREAL (McGraw-Hill World 
News) —Instrument Society of 
America met in this city recently 
for a symposium on instrumental 
methods of analysis. 

Featured topic of interest to in-
dustry was gas chromatography. 
As in the past, this continues to be 
main contribution of analytical in-
strument men to process control. 
New developments and broader ap-
plications of this approach were 
discussed in 14 papers, highest 
number devoted to any topic. 
Two hot new developments ap-

peared to be NMR (nuclear mag-
netic resonance) and EPR (elec-
tronic parametric resonance) as 
principles of analytical instrumen-
tation. Said F. A. L. Anet, asso-
ciate professor of chemistry of 
the University of Ottawa: "High-
resolution NMR, particularly of 
protons . . . is assuming an im-
portance rivaling that of ultraviolet 
and infrared spectroscopy." 

Said of Herbert Rubin of Schum-
berger Well Surveying Corp.: 
"(NMR) is a form of radiofre-
quency spectroscopy in which a 
given nuclear isotope absorbs a 
characteristic electromagnetic radi-
ation in the r-f band. The energy 
absorbed is converted to a signal 
which is proportional to the nuclear 
concentration. The instrument used 
. . . employs a permanent magnet, 
a square-wave modulated magnetic 
field, and an electronic integrator 
and strip chart recorder." 

New 

Wrap-and-endfill' 

Film Capacitors 

Based on Extensive 

Life Test Data 

Sprague Electric Company has re-
cently announced an improved ver-
sion of its Yellow-Jacket Filmite 
"E" Capacitors for military and in-
dustrial applications. The most 
reliable "wrap-and-endfill" film 
capacitors made to date, Type 158P 
Yellow-Jackets are based on the 
most exhaustive life test studies 
ever made on polyester film capaci-
tors. They will withstand a 250 
hour accelerated life test of 150 % 
of the 85 C rated voltage impressed, 
or the equivalent derated 125 C 
voltage. Company standards re-
quire that there be no more than 1 
failure in every 25 samples tested. 
Type 158P Yellow-Jacket Capac-

itors are ideal for applications 
in military electronics, computers, 
and industrial controls, being 
particularly well-suited for potting 
or encapsulating in electronic sub-
assemblies, filters, etc. 
For complete engineering data 

on Military-Grade Yellow-Jacket 
Film Capacitors (Type 158P) write 
for Engineering Bulletin 2301. 
Data on Sprague's Commercial and 
Entertainment Grade Yellow-Jacket 
Film Capacitors (Types 148P and 
149P) is given in Bulletin 2063A. 
Both bulletins are available from 
Technical Literature Section, 
Sprague Electric Company, 35 
Marshall St., North Adams, Mass. 

more ratings ... 

more data ... 
more styles... 
for 

STYRACON® 
FILM 
CAPACITORS 
Sprague Styracon Polystyrene Capac-
itors are now available in an 
expanded list of standard catalog 
ratings in both subminiature metal-
clad tubulars and drawn bathtub 
cases. In addition, large threaded 
neck tubular cases have been added 
in order to meet more severe military 
vibration requirements. 

The new ratings and styles will be 
of special interest to electrical circqit 
designers working in the field of 
digital computors, precision timing 
circuits, high-Q tuned audio circuits, 
low frequency filters, bridge meas-
urements, and similar applications. 
The special electrical qualities of 
polystyrene film permit the design of 
capacitors with virtual freedom from 
dielectric absorption, extremely high 
leakage resistance, extremely low 
power factor, and excellent capaci-
tance reliability and retrace. The tem-
perature coefficient of capacitance, 
approximately —120 ppmr C, is 
practically linear over the full operat-
ing range of —55 C to 85 C, and is 
almost entirely independent of fre-
quency. 

For complete technical data on 
Styracon Film Capacitors, write for 
Bulletin 2510A to Technical Litera-
ture Section, Sprague Electric Com-
pany, 35 Marshall St., North 
Adams, Aitassachusetts. 

SPRAGUE 
THE MARK OF RELIABILITY 

electronics • JUNE 24, 1960 CIRCLE 47 ON READER SERVICE CARD 47 



80,000.mile-high prominence of the sun 

APW 1/2 
Y2 dia. 

APH 1/2 
W' dia. 

for the 
space age 

Want watertight and airtight miniature precision potentiometers which seal out the major 
causes of pot failure? WATERS APH! 2' maintains a hermetic seal behind the panel and is 
itself sealed against outside atmosphere and moisture by means of a double "0" ring shaft 
seal. Model APH! (2 HT, a high temperature version (to 150°C), is also available. WATERS 

offers watertight construction and the utmost dependability. Completely unaffected 
by humidity and water vapor, a common problem in 
aircraft and missiles, this potentiometer is so 
watertight and heat-resistant it operates reliably 
in hot water! Both potentiometers meet MIL-E. 
5272A immersion specifications. The APIA 1 ex-
cluding the shaft, also passes the Mass Spectrom-
eter Test, with leak rate less than 10-7 CC/sec. 
N.T.P. Special features optional with both pots. 
Write for bulletins APH-560 and APW-359. Why 
take pot luck? Specify WATERS ... and be SURE! 

MANUFACTURING, INC. 

WAYLAN D, MASS. 

• 

POTENTIOMETERS • COIL FORMS • POT HOOK'ii, PANEL MOUNTS • TORQUE WATCH® GAUGES • CTROL® METER/CONTROLLER • INSTRUMENTS 
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In One Instant... 

*SUPERPOWER TRANSMITTERS 
by Continental Electronics include: 

23 Voice of America transmitters 
U. S. Air Force's most powerful radar 

U. S. Army's most powerful transmitter 
High power commercial transmitters 

/ Two million watts will blast the U. S. Navy's radio signal 

anywhere in the world... even to a submerged sub-

marine on the other side of the earth! 

This new 2,000,000 watt VLF transmitter being built by 

Continental Electronics will be the most powerful in the 

world. With this transmitter the Navy can communicate 

dependably with any spot on earth. It is being built by 

the specialists in b-i-g power transmitting equipment.* 

Again, the Navy knows it is getting the very best 

available — another Continental Electronics transmitter. 

MANUFACTURING COMPANY 

4212 South Buckner Boulevard • Dallas 27, Texas • Evergreen 1-1136 

A SUBSIDIARY OF LING-ALTEC ELECTRONICS, INC. 



RAYTH EON Preferred Reliable Tubes 
for all Industrial and Military Applications 

Approved Miniatures and Subminiatures for guided missile, com-
puter, communication, radar, radiation measuring, instrument 
and other military applications requiring Reliability Plus. 

S
U
B
M
I
N
I
A
T
U
R
E
 

l
 

TYPE DESCRIPTION 
Spec. 
Number 
MIL.E.1/ 

Vibration 
Output 

(maximum) 
mVac 

Heater Plate Grid Volts 
or 

Rh 

Screen 

Y 

Sm 

umhos Volts mA. Volts mA. Volts mA. 

5639 Video Amplifier Pentode 169C 1001 6.3 450 150 21 10011 100 4 - 9000 
5639WA Video Amplifier Pentode - 409 250,; 6.3 450 150 21 100It 100 4 - 9000 
5643 Thyratron 7510 - 6.3 150 epx = 500 v max; ip 100 ma max; I p = 16 mAdc max. 

5702 WA Video Amplifier Pentode 82C 50t 6.3 200 120 7.5 200 12 120 2.6 - 5000 
5702 WB Video Amplifier Pentode 1069A 501 240* 6.3 200 • 120 7.5 20011 120 2.6 - 5003 
5703 WA High Frequency Triode 293C 10t 6.3 200 120 9.4 220 St - - 25.5 5100 
5703WB High Frequency Triode 1070A 10t 50* 6.3 200 120 9.4 22011 - - 25.5 5000 
5744 WA High Mu Triode 84C 257 6.3 200 250 4.2 50011 - - 70 4000 
5744WB High Mu Triode 1073A 15t 75* 6.3 200 250 4.2 50011 - - 70 4000 
5783 WA Voltage Reference 87C 201 Operates at approximately 85 volts between 1.5 and 3.5 rnA. 

5784 WA RF Mixer Pentode 090 1001 6.3 200 120 5.5 2302 120 4.1 - 3200 
5784WB RF Mixer Pentode 1096A 75'1 300* 6.3 200 120 5.5 23012 120 4.1 - 3200 
5787 WA Voltage Regulator 898 201 Operat s at approximately 98 vo is between 5 and 25 mA. 

5829 WA Dual Diode 292A - 6.3 150 Max. lo = 5.5 mA. per plate. 
5902 Beam Pwr. Pentode 1750 1001 6.3 450 110 30 2706 110 2.2 - 4200 
5902 WA Beam Pwr. Pentode - 30) 200. 6.3 450 110 30 27022 110 2.2 - 4200 
6021 Medium Mu Dual Triode 1886 50t 6.3 300 100 6.5 15017 - - 35 5400 
602 1 WA Medium Mu Dual Triode - 209 125! 6.3 300 1170 6.5 1502 - - 35 5400 
6088 Output Pentode 694A - 1.25 20 45 0.65 -1.25 45 0.15 - 625 
6111 Medium Mu Dual Triode 189B 51:ft 6.3 300 100 8.5 22011 - - 20 5000 
6111 WA Medium Mu Dual Triode - 20t 1251 6.3 300 100 8.5 22021 - - 20 5000 
6112 High Mu Dual T'Iode 190C 251' 6.3 300 100 0.8 1500 u - - 70 1800 
6112WA High Mu Dual Triode - 20t 75a 6.3 300 100 0.8 150011 - - 70 1800 
6418 Power Pentode - - 1.25 10 22.5 .240 -1.2 22.5 .06 - 300 

6533 Low Microphonic Triode 975 1.09 6.3 200 120 0.9 1500 u - - 54 1750 
6533WA High Mu Triode 1104A 15.0* 6.3 200 120 0.9 150022 - - 54 1750 
6611 High Freq. Pentode 1101 (5.C) 1001 1.25 20 30 1.0 0 30 .35 1000 

6612 High Freq. Pentode 1102 (SC) 125f 1.25 80 30 3.0 0 30 1.0 3000 

7576 High Mu Triode - 300f 6.3 450 200 15 15011 - - 44 10,500 

6832 Medium Mu Dual Triode 1082B 101 6.3 400 100 .8 3000 it - - 26 1050 
_ 
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0A2WA Voltage Regulator 2908 100 Operat sat approximately 150 volts between 5 and 30 mA. 

OB2WA Voltage Regulator 940C 100* Operates at approximately 108 volts between 5 and 30 mA. 

6AH6WA Video Pentode. 1130A 1000 6.3 450 300 10 16011 150 2.5 - 9000 

GAN5WA Power Pentode 839A 1000 6.3 450 120 33 

I 

12517 120 II 8500 

5517 Cold if Rectifier 6906 - Peak Inverse =- 2800 volts lo = 12mAdc. 

5651 WA Voltage Reference 825A 5 Or Operates at approximately 85 volts between 1.5 and 3.5 mA. 

5654 6AK5W RF Ampl. Pentode 4C 200." 6.3 175 120 7.5 -2 120 2.5 - 5000 

5670 Medium Mu Dual Triode 5C 1301"• 6.3 350 150 8.2 24011 - - 35 5500 

5687WA Low Mu Dual Triode 7798 1000 6.3 880 120 36 -2 - - 18.5 11,500 

58I4A Low Mu Dual Triode 12C 1001'• 6.3 350 250 10.5 -8.5 - - 17 2200 

5842 Medium Mu Triode 466 5000 6.3 300 150 25 6017 - - 43 25.000 

5847 RF Pentode 467 500' 6.3 300 150 13.5 11012 150 4.0 - 13,000 

6414 Medium Mu Dual Triode 1092 300" 6.3 450 180 8.0 -2.0 - - 42.5 5550 

7044 Medium Mu Dual Triode - - 6.3 900 120 35 -2.0 - - 21 12,500 

•2.5g, 25 cps. fixed frequency 

/Peak to Peak, 15g 70 to 2,000 cps. *Peak to peak, 15g, 30 to 1000 cps. 

:Sections in parallel 

AYTH E)0 N RAYTHEON COMPANY Industrial Components Division 
55 CHAPEL STREET, NEWTON 58, MASSACHUSETTS 

R  

All ratings for dual tubes are for e ch section 

••100 40 cps frequency 

1158. 40 cps. fixed frequency 

(S-C) Signal Corp 

Sales Offices: Boston • New York • Chicago • Los Angeles • Baltimore • Cleveland • Dallas • Orlando 
Government Soles: Boston • Dayton • Washington 
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There are Standard CAMBION Coils and Chokes (new LS-9 
Coil shown below) to satisfy a wide variety of r.f. applications. 

Proved around the world ... and out of it 

The advanced electro-mechanical 
characteristics of CAMBION w Stand-
ard Wound Coils and Chokes cover a 
tremendous range of modern circuit re-
quirements. Designed, manufactured, 
and tested to critical quality standards, 
they can be relied upon even when ex-
posed to today's most severe operating 
conditions. Two typical examples illus-
trate their unusual capabilities. 

1. Highly stable CAMBION 2060 
Coils are widely used for non-shielded 
applications — in amplifying stages, 
IF stages — wherever a "standard" of 
superior quality is needed. These ce-
ramic coils cover a range from 2.0 ph to 
800 ph in overlapping, easily-adjust-
able stages — can be used at tempera-
tures up to 85°C. Perma-Tore locking 
devices keep coils in tune even under 
extreme shock and vibration while still 
allowing tuning. 

2. Rugged CAMBION Epoxy-En-
capsulated 2350 Chokes provide a 

superior seal against moisture as well as 
solid protection against mechanical 
breakage. For qualification they are 
temperature-cycled from —50°C to 
+85°C; repeatedly cycled in saturated 
sodium chloride solution and rechecked 
electrically and physically. In addition, 
they are given a terminal twist-and-
pull test and checked for dielectric 
strength at simulated altitudes up to 
80,000 feet. They are color-coded in 
preferential values ranging from 1.1 
ph to 120.0 ph. 

All CAMBION Standard Coils and 
Chokes are rugged and versatile . . . 
completely reliable. Get complete de-
tails from CAMBRIDGE THERMIONIC 
CORPORATION, 437 Concord Avenue, 
Cambridge 38, Massachusetts. 
New CAM IIION LS-9 
Wound Coils are com-
pletely shielded, elec-
trostatically and 
electromagnetically. 
Available from stock 
in 10 different operat-
ing ranges from .5 ph at 
25 mc to 1 ph at 250 kc. 

CAMBRIDGE THERMIONIC CORPORATION 

rip) 30(C M ° 

The guaranteed electronic components 
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General Electric's C. G. Lloyd 
brings you up-to-date on the 
revolutionary 

• Silicon Controlled Rectifier 

• 
The Controlled Rectifier picture changes so rapidly, in-
formation you may have obtained six months ago is 
now out-of-date. For this reason, C. G. Lloyd, General 
Manager of General Electric's Semiconductor Rectifier 
organization, answers here some of the questions most 
frequently asked — questions about a device many au-
thorities consider the most revolutionary development 
since the transistor itself. 

Q. Last year I looked into the SCR and found it too ex-
pensive. Has this situation changed? 

'Lloyd. Indeed it has. The C35B (16 amps, 200 volts) was 
originally introduced at $160 in 1958, was priced at $65 
a year ago and has just now been reduced to $20. 

Q. How does the SCR compare with similar devices in 
prices? 

Lloyd. SCR's are in the same price bracket as many ger-
manium power transistors and actually cost less than sili-
con power transistors, magnetic amplifiers, many relays, 
thyratrons and other devices the SCR has replaced. 

Q. What about associated circuitry? Doesn't that bring 
up the cost? 
Lloyd. The drive circuits for SCR's are generally simpler 
than for the other devices, and in particular, protection 
against overvoltage and current is easier to accomplish 
than for power transistors — making the SCR-equipped 
device more reliable and much less expensive over-all. 

Q. But your C35 is still too high-priced for my applica-
tion, and the current rating is more than I need. What 
would you suggest that I do? 

Lloyd. Perhaps you could use the C 1 OB. It's rated at 4.7 
amperes single phase and 6 amperes d-c and costs as low 
as $11.10. Lower rated units go down to $5.00. 

Q. What else should I know about the C10? 

Lloyd. Well, it has a more sensitive gate trigger and lower 

leakage current. And surprisingly, even though it's smaller, 
it can operate at a higher temperature. 

Q. The CIO sounds like it might be in the right range. 
How is it on power? 

Lloyd. Two ClOB's will control over 1 kw on 117 volts 
for about $25. Compare this with any other method — 
power transistors, saturable reactor or thyratron. 

Q. Do you have any other types? 

Lloyd. We sure have! The C50 Series is a high-current 
unit that performs up to 50 amperes. It also has a 1000-
amp. surge current rating. Then there's the C40 Series, 
with high-speed turn-off for inverter applications. That's 
an important field for the SCR. 
And also there's the C36 Series. It goes to 10 amperes. 

Q. General Electric has talked a lot about the SCR in the 
past couple of years. Have your customers brought SCR-
equipped devices to market? 

Lloyd. They've been doing so for a year or more and the 
pace of conversion to SCR devices keeps stepping up all 
the time. Our customers are now selling many types of 
SCR-equipped products. The applications are numerous. 
Some of the prominent ones are regulated power supplies, 
light dimmers, static switches, inverters, power-control 
circuits, radar modulators and ultra-sonic generators. 
And I'm sure there are many that haven't been reported 
back to us as yet. 
Even at last year's prices many of these people found the 
SCR the best solution to their problems. We believe our 
new prices will bring in hundreds of new users. 
Q. What about General Electric? Do you use the SCR? 

Lloyd. Some 40 departments of General Electric are now 
using the SCR. Why we even use SCR's to make SCR's. 
Our ovens, furnaces and test fixtures are equipped with 
controlled rectifiers to provide very precise, reliable and 
low-maintenance temperature control for our processes. 

To bring you completely up-to-date on the SCR, contact your General Electric SPD Sales 
Representative, or write Section S2560, Semiconductor Products Dept., General Electric 
Company, Electronics Park, Syracuse, N. Y. In Canada, 189 Dufferin St., Toronto, 
Ontario. Export: International General Electric, 240 East 42 St., N. Y. 17, N. Y. 

GENERAL ELECTRIC 
For fast delivery at factory-low prices, see your General Electric Semiconductor Distributor. 
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WHICH JOB WOULD YOU TAKE? 
If you're like most of us, you'd take the 
job with the more tempting salary and 
the brighter future. 
Many college teachers are faced with 

this kind of decision year after year. In 
fact, many of them are virtually bom-
barded with tempting offers from busi-
ness and industry. And each year many 
of them, dedicated but discouraged, leave 
the campus for jobs that pay fair, com-
petitive salaries. 
Can you blame them? 
These men are not opportunists. Most 

of them would do anything in their power 
to continue to teach. But with families 
to feed and clothe and educate, they just 
can't make a go of it. They are virtually 

egg» 

%%see 

forced into better paying fields. 
In the face of this growing teacher 

shortage, college applications are ex-
pected to double within ten years. 
At the rate we are going, we will soon 

have a very real crisis on our hands. 
We must reverse this disastrous trend. 

You can help. Support the college of your 
choice today. Help it to expand its facili-
ties and to pay teachers the salaries they 
deserve. Our whole future as a nation 
may depend on it. 

It's important for you to know more about what 
the impending college crisis means to you. Write 
for a free booklet to: HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, N.Y. 

Sponsored as a public service, 
in co-operation with the Council for Financial Aid to Education 

- HICIHER EDUCATION 

KEEP IT BRIGHT 
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ELECTRICAL 
INDUSTRIES 

Specifications on 
all standard seals — 

E-1 Short Form 
Catalogs 

Bulletin SCT-59 
on Single Lead 
Terminals 

Bulletin TCT-59 
on Tubular 
Terminals 

- in commercial equipment and vital military programs 

For proven reliability in severe environments, select your seals 
from the E-I standard line of application tested hermetic ter-
minals. E-I offers designers the complete flexibility and econ-
omy of standardized production on all types of seals ... from 
single lead terminals to sub-miniature closures. Proof of their 
reliability is the fact that leading manufacturers specify E-I 
for every type of seal application. Request catalog on standard 
types, or send drawings on seals for special requirements. 

SINGLE LEAD 
TERMINALS 

PLUG-IN 
CONNECTORS 

CUSTOM 
SEALING 

TRANSISTOR 
CLOSURES 

THREADED 
SEALS 

END 
SEALS 

A Division of 
Philips Electronics 
CE Pharmaceutical 
Industries Corp. 

e MURRAY HILL, N.J. 
Patented in Canada, No. 523,390; 
in United Kingdom, No. 734,583; 
licensed in U.S. under No. 2561520 

MULTIPLE 
HEADERS 

MINIATURE 
CLOSURES 
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measure 
dissipation 
factor and 
capacitance 
of 
electrical 
insulating 
materials 

Schering Bridges are used 
to measure power factor and capaci-
tance of electrical insulating materials 
while subjected to high voltage stress. 
From these measured values and the 
physical dimensions of the sample 
and test electrodes, dielectric constant, 
loss factor and other values may be 
calculated. Units are self •contained 
and easy to operate and service. Avail-
able as a General Purpose Bridge and 
also as a Cable Test Bridge. 

FEATURES: 

• Wide capacitance range--General Pur-
pose Bridge from 0.0000025 to 1.0 
mfd. Cable Bridge from 0.0000025 
to 2.0 mfd. 

• Built-in shunts for testing large 
capacitances without additional 
equipment. 

• High Accuracy .. ±.0.2% capaci-
tance accuracy and 2.0% or better 
tangent accuracy. 

DISSIPATION 
FACTOR and 
CAPACITANCE 
STANDARD 

External checking standard 
in Schering Bridge opera-
tion. Usable up to 10KV. 
Consists of vacuum air ca-
pacitor with guard ring with 
a nominal capacitance of 
100 µµf; 3 metal film re-
sistors of nominal values of 
3.3K, 33K and 300K, which 
can be selectively switched 
in series with the vacuum 
capacitor. Capacitor can 
also be used without series 
resistance. 

Write for complete 
technical details... 

Indus/fiat 
Instr11171eills Inc. 

89 Commerce Road Cedar Grove Essex County . N 1 

Mobile Unit to Check Interference 
MOBILE UNIT from the Boulder 
Laboratories of National Bureau of 
Standards will travel across the 
country this summer to measure 
manmade interference caused by 
generators, power lines, sparkplugs 
and other electrical gear. 

Goal is to get information that 
will lead to methods for cutting 
down noise that interferes with 
communication, radio navigation, 
missile control and so forth. 
A panel truck will be equipped 

with antennas, recording instru-
ments and the like, will carry two 
Boulder Labs noise experts. Meas-
urements in particular areas will 
study noise in relation to popula-
tion density, industrial activity, 
and power consumption. Small 
towns and rural areas will be 
checked as the truck travels; a 
three-day stopover is planned for 
Chicago. The five-week journey will 
loop through the midwest to 
Pennsylvania and Washington D.C., 
return through Tennessee, Arkan-
sas and Oklahoma. 

Diesel generator and engine are 
used on the truck to eliminate 
sparkplugs; special suppressors will 
filter out static from the tires. 

Instrument Production 
Triples In India 

INSTRUMENT MANUFACTURE in India 
has more than trebled in value in 
the last three years. In 1956, 
production of industrial process 
instruments—pyrometers, tempera-
ture recorders, controllers, thermo-
couples, multipoint recorders—was 
$1.3 million, and by 1958 had risen 
to $3.15 million. Last year, esti-
mates of production reached close 
to $4.5 million. Local manufacture 
of X-ray equipment will soon be 
begun. India needs such instru-
ments for her burgeoning indus-
trial plant, prefers to manufacture 
her own rather than spend pre-
cious rupees for imports. 
The New Delhi government has 

also decided to mass-produce cheap 
radio receivers (under $25) in 
hopes of attracting buyers in the 
nation's 500,000 villages. Manu-
facturers, being propelled by the 
government, have agreed to devote 

25 to 30 percent of production 
capacity to the low-cost sets, which 
will be capable of receiving both 
medium- and short-wave broad-
casts. Initial production goal is set 
at 60,000 sets. 

2 Strong Piezoelectric 
Materials Discovered 

HIGH DEGREE of piezoelectricty in 
zinc oxide and cadmium sulfide has 
been discovered by A. R. Hutson of 
Bell Telephone Laboratories. 

In studying unusual conductivity 
properties of the two materials— 
expecially the large phonon-drag 
effect observed in thermoelectric 
power measurements, and the tem-
perature dependence of this effect 
—Hutson decided that a large 
piezoelectric constant could explain 
the anomalies. By doping zinc oxide 
with lithium, he succeeded in 
quenching its conductivity. 
A series of resonance-antireson-

ance and direct squeeze measure-
ments were made on vapor-phase 
grown single crystals of both ma-
terials and flux-grown platelets of 
zinc oxide. The measurements dis-
closed that the piezoelectricity of 
doped zinc oxide is about four 
times that of quartz, and that of 
cadmium sulfide about twice as 
great. 

Sun-Powered Car 

Detachable "fuel" panel on top of car 
consists of more than 10,000 silicon 
solar cells made by International 
Rectifier Corp. 

52 CIRCLE 52 ON READER SERVICE CARD JUNE 24, 1960 • electronics 



NEW ... FROM ESC 

MIN iATU RE 
MODULAR coMpuTER 

DELAY LINES 
... designed for printed board mounting 

Module No. Delay Size 

15-89 100 musec. 3/4 " x 1/2 " x 33/4 " 

15-90 75 musec. 3/4 " x 1/2 " x 33/4 " 

15-91 20, 10, 10, 5 musec. 3/4 " x 1/2 " x 33/4 " 

15-92 50 musec. 3/4 " x 1/2 " x 2116" 

15-93 20, 20 musec. 3/4 " x 1/2" x 2Vis" 

15-94 10, 5 musec. 3/4 " x 1/2 " x 21/,‘" 

As a group these miniature, modular, lumped constant 

delay lines constitute an adjustable delay line. They 

offer great flexibility in design by providing adjustable 
delays ranging from 5 musec. to 335 musec. or greater, 
if additional units are employed. 

¡in pedance — 9,3 ohms with a maximum pulse atten-

uation of .5 db and pulse rise time of 30 musec. 
(max.) for any module. 

Modules with variations of rise time, delay or im-
pedance can be supplied upon request. 

WRITE TODAY FOR COMPLETE TECHNICAL DATA. 

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

CORPORATION 534 Bergen Boulevard, Palisades Park, New Jersey 

Distributed constant delay lines • Lumped constant delay lines • Variable delay networks • Continuously variable delay lines • Step variable delay 
ries • Shift registers • Video transformers • Filters of all types • Pulse-forming networks • Miniature plug-in encapsulated circuit assemblies j 
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• Provided with internal calibration voltages. 

• Provided with a 12.5 cm linear scale with 

anti-parallax mirror reading. 

• Protected against overloads. 

• For all normal mains supplies (110-245 V, 

40 cls-100 cis). 

• Suitable for use under tropical conditions. 

GM 6020 

I1, I p$ electronic measuring 
Sold and serviced by Philips Organizations all over the world 

Further information will gladly be supplied by: 

N.V. Philips' Gioellampenfabrieken, EMA-Department, Eindhoven, the Netherlands 

for Canada: Philips Electronics Ind. Ltd., Leoside, Toronto 17, Ont 
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meters 
DC Microvoltmeter, type GM 6020 

Input I 
Measuring, ranges 100 pV (f.s.d.) 

10 V in 11 steps 

Input impedance: 1 M O (± 1.5°10) 

in parallel with 

2Opp F 

Overall accuracy with respect to full scales 3°Ie 

Pre-deflectionr< 5 pV 

Drift < 1 p V per hour after 1 hour of warming-up 

Automatic polarity indication doubles the effective 
scale length with respect to centre-zero instruments. 

DC currents may be measured directly with this instrument 

due to the high accuracy of the input resistance. 

Measuring- range: 100/1/IA (f.s.d.) • 10 /IA 

Accuracy'? < 3.5% 

Input II 

10 mV (f.s.d.) 

1000 V in 11 steps 
100 MO (± 1.5°1s) 

in parallel with 

loeupF 

instruments 

PHILIPS 

Broadband Millivoltmeter, type GM 6012 

Frequency range: 2 c's - 1 Ws 

Measuring range: 1 mV (f.s.d.) - 300 V in 12 steps 

dB scale: -80 dB up to +52 dB (0 dB = 1 mW into 600 0 ). 

Input impedance: 4 M O in parallel with 20 F (up to 3 V) 

10 MO in parallel with 10 /1/1 F (in the other ranges). 

Overall accuracy with respect to full sealer 

within ± 2,5°10, 5 cis - 100 kc,s 

within ± 5°10; 2 c s - 1 Mc s 

Pre-deflection: < 100p V 

High Frequency Millivoltmeter, type GM 6014 

Frequency range: 

Measuring ranges 

dB scaler 

Damping at I lee/s 

I Helot 

30 Mc 

Without 

pre-attenuator 

1 kc s • 30 Mcis 

1 mV (f.s.d.) - 

300 mV in 6 steps 

-80 dB up to -8 dB 

1 MO 

700 k0 

SO k 

With 

pre-attenuatcur 

10 kris • 30 Mcis 

100 mV (f.s.d.) 

- 30 V in 6 steps 

-40 dB up to +32 dB 

50 M 

10 MO 

2 MO 

Input capacitance: 7 /1/11F 2p/IF 

Pre-deflection:Compensated by electrical zero setting 

Variations of the frequency characteristics: 

<5 °10 over the whole range, with respect to the response st the 

frequency of the calibration voltages. 

Overall accuracyr< rlo with respect to full scale and with 

zeference to the frequency characteristic. 

GM 6014 

quality tools for industry and research 
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PRECISION TRIMMER POTENTIOMETERS by TIC 

are standard in twelve different styles and each in a wide range of 

resistance values. The extensive use of trimmers in such applica-

tions as airborne, shipborne and ground based military electronic 

equipment for navigation, flight control, fuel control, radio trans-

mission and reception, telemetering, computers, fire coritrol and 

many others demands reliability and stable operation under 

severe environmental conditions. TIC quality-control procedures 

and environmental testing assure the user of the ultimate in de-

pendable trimmer potentiometers. 

TWELVE IMPORTANT CHOICES — six box type and 

six rotary type multiturn and single iurn with wirewound or 

metallic film resistance elements, high temperature-

resistant construction, varied mounting methods, and 

sizes ranging from micro-miniature 

to the size of a quarter in diameter, 

permit the design engineer optimum 

freedom to select the unit best 

suited to his application. Special 

designs may be readily accommo-

dated by TIC engineers. 

TECHNOLOGY INSTRUMENT CORPORATION 

Technology Instrument Corp. of Calif. 
North Hollywood, Calif. 
Acton Laboratories, Inc., Acton, Mass. 
Tucson Instrument Corp., Tucson. Ariz. 
Seryotrol, Inc., Chicago, 
Altomac Corp., Canton. Mass. 

569 MAIN STREET 
ACTON, MASS. 

MEETINGS AHEAD 

June 22-24: Standards & Electronic 
Measurements, NBS, AIEE, IRE, 
NBS Laboratories, Boulder, Colo. 

June 23-24: Solid-State Electronics 
Workshop, IRE, ASEE, Purdue 
University, Lafayette, Ind. 

June 26-29: New England Elec-
tronic Conf., ERA, the Balsams, 
Dixville Notch, N. H. 

June 26-July 1: Materials Sciences, 
ASTM, Chalfonte-Haddon Hall, 
Atlantic City, N. J. 

June 27-29: Military Electronic l, 
National Convention, PGME of 
IRE, Sheraton-Park Hotel, Wash-
ington, D. C. 

June 27-July 7: Automatic Control, 
International Conf. of IFAC, 
AACC, ISA, ASME, AIEE, IRE, 
AIChE, Moscow, Russia, contact: 
R. Oldenburger, Purdue Univ., 
Lafayette, Ind. 

July 4-7: British Computer Society 
Conf., Leeds University, Sun Pa-
vilion, Harrogate, Yorkshire, 
England. 

July 21-27: Medical Electronics, 
International Conf., Inst. of Elec-
trical Engineers, Olympia, Lon-
don. 

Aug. 1-3: Global Communications 
Symposium, PGCS of IRE, U. S. 
Sig. Corps, Statler Hilton Hotel, 
Wash., D. C. 

Aug. 8-11: American Astronautical 
Society, Western National, Olym-
pic Hotel, Seattle, Wash. 

Aug. 9-12: American Institute of 
Electrical Engineers, Pacific 
General, San Diego, Calif. 

Aug. 15-19: High-Speed Photog-
raphy. Stroboscopic Light Lab-
oratory, MIT, Cambridge, Mass. 

Aug. 23-26: Western Electronic 
Show and Convention, WESCON, 
Memorial Sports Arena, Los An-
geles. 

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

56 CIRCLE 56 ON READER SERVICE CARD JUNE 24, 1960 • electronics 



RECENT RAYTHEON DEVELOPMENTS 

IN MICROWAVE FERRITE DEVICES 

FERRITE DEVICES FOR HIGH-POWER RADAR 
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TYPICAL SPECIFICATIONS 

ILH15 ISOLATOR CLH2 CIRCULATOR 

Frequency range (mc) 

Power, average 

Power, peak 

Isolation, min. 

Isolation, max. 

Insertion loss, min. 

Insertion loss. max. 

VSWR, min. 

VSWR, max. 

Weight, lbs. 

Length, in. 

Flanges 

Waveguide (liq. cooled) 

1250-1350 

2.5 KW 

2 MW 

22db 

24db 

.7db 

.9db 

1.28 

1.30 

60 

22 

1/2 ht. L-band 

1/2 ht. L-band 

1280-1350 

5 KW 

6.5 MW 

26db 

32db 

.65db 

.8db 

1.04 

1.12 

140 

691¡e 

mates with UG418/U 

WR 650 

RAYTHEON ISOLATORS AND 

CIRCULATORS IN IMPROVED L-BAND 

"FLIGHT TRACKER" SYSTEM THAT BOOSTS 

OUTPUT TO MORE THAN 5 MEGAWATTS 

With an output of more than 5 megawatts at 1,280 to 
1,350 mc., the improved FAA "Flight Tracker" radar 
system has ten times the power of its predecessor. In 
the microwave generator and amplifier circuits, 
Raytheon isolators and circulators help achieve this 
power level by providing the required broadband match 
between magnetron and Amplitron®... and between 
Amplitron and antenna. The isolator also aids in main-
taining frequency stability during the 5 megawatt pulse 
peaks by acting as a buffer between magnetron and 
Amplitron. 

The L-band ILH15 isolator and CLH2 circulator in 
the "Flight Tracker" are part of Raytheon's line of 
L-band devices with ratings from 1.5 to 10 kilowatts 
average and peak power capabilities as high as 6.5 
megawatts. 

On Massachusetts' Route 128 in the Waltham Indus-
trial Park, Raytheon has recently opened the most 
modern facility devoted exclusively to microwave fer-
rite device and materials development, testing and pro-
duction. To learn more about the work now underway 
at these new facilities, or for information on your par-
ticular microwave ferrite problem, please write to the 
address below. 

RAYTHEON COMPANY 

SPECIAL MICROWAVE DEVICE OPERATIONS 

WALTHAM INDUSTRIAL PARK 

WALTHAM 54, MASSACHUSETTS 

Excellence in Electronics 
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Here is an important new advance in microwave communications—NEC's High Sensitivity Reception 
system. By combining high sensitivity reception, parametric amplifier, low feeder loss design, and 
the high antenna gain possible at 2000 mc, this system improves S/N ratio by more than 20 db. 

This permits hops at 1/100 of the power required for conventional links. For example, a 400 W 
OH-2000 using a 33-ft. dish is capable of a 300-mile hop at 99.0% reliability with quadruple di-
versity and reliability of 99.9% at 260 miles. Other systems would require a 40 KW transmitter for 
the same hop. 

The OH-2000 is drastically reducing installation and maintenance costs of over-the-horizon links in 
capacities up to 60 voice channels. A descriptive brochure is available on request. 

Components / Systems 
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OH-2000 in military communications 

First major OH-2000 installation will 
be a 17-station system for the 
United States Air Force linking radar 
sites on the three main islands of 
Japan. The system contains no 
active repeaters. Longest hop is 
145 miles at 100 W output. Guar-
anteed reliability is a character error 
of no more than 1:10,000 for 99.9% 
of a year's hours. 

Neon Electric Company limited 

OH-2000 

The compact 100 W 
transmitter uses eco-
nomical planar tubes 
in the final stage. A 
quadruple diversity 
station requires a 
radio room of only 
100 Sq. ft. NEC can 
also supply complete-
ly transistorized car-
rier equipment. 

Tokyo, Japan 
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BORG-WARNER and EMCOR 
unite to better serve you! 
Back in 1954 a totally revolutionary concept in metal cabinetry was intro-
duced bearing the trademark EMCOR. Comprising a group of over 600 basic 
frames and a versatile line of components, this modular system of enclosures 
utilizing "erector set" simplicity provided the design engineer with never 
before dreamed of flexibility. Almost immediate acceptance with engineers 
throughout the fields of electronics, instrumentation and electro-mechanics 
was the result. Over the years the EMCOR trademark has gained a reputa-
tion for engineering ingenuity, quality craftsmanship and dependability. 
Today, the EMCOR trademark holds even greater promise for the plants 

and people we serve as a result of the recent merger of EMCOR with the 
Ingersoll Products Division of the Borg-Warner. Corporation. 
The Ingeroll Products Division brings to EMCOR three quarters of a 

century of manufacturing "know-how," serving the fields of national defense, 
oil, steel, chemicals, agriculture, industrial machinery, aviation, the automo-
tive industry and home equipment and now electronics. 
Thus, giving and receiving, the two have reinforced each other. From the 

world-wide prestige of Borg-Warner, EMCOR draws increased strength. 
From the proven acceptance of the EMCOR Modular Enclosure System, 
Ingersoll Products Division inherits a quality line of metal cabinetry. 
We of EMCOR are proud indeed to join ranks with the 42 divisions and 

subsidiaries of Borg-Warner in a continuing quest for better products to 
better serve industry and people everywhere. 

EMCOR INGERSOLL PRODUCTS DIVISION serving the needs of electronics, instrumenta-
tion and electro-mechanical engineers coast to coast with nationwide representation 
NORTHWESTERN: 
N. R. SCHULTZ COMPANY 

Seattle Office: 
4227 Airport Way 
Seattle, Washington 
Telephone: MAin 4-8650 
TWX: SE 383 

SOUTHEASTERN: 
W. A. BROWN & 
ASSOCIATES, INC. 

Indian River City Office: 
201 Capron Road 
P.O. Box 286 
Indian River City, Florida 

WEST COAST: Telephone: AMherst 7-0411 
J. C. VAN GROOS COMPANY Titusville, Florida 

Los Angeles Office: Huntsville Office: 
21051 Costanso Street 3405 Lookout Drive, S. E. 
P.O. Box 425 Mount Sano 
Woodland. Hills, California Huntsville, Alabama 
Telephone: Diamond 0-3131 Telephone: JEfferson 6-8393 
TWX: Canoga Park, Cal. 7034 

San Francisco Office: Orlando Office: 
1178 Los Altos Avenue 104 East Gore 
Los Altos, California Orlando, Florida 
Telephone: WHitecliff 8-7266 Telephone: GArden 5-5682 

TEXAS, OKLAHOMA: 
JOHN A. GREEN COMPANY 

Dallas Office: 
7118 Envoy Court 
Dallas 7, Texas 
Telephone: Fleetwood 1-9947 
TWX: DL 1182 

Houston Office: 
Room 110 
3400 Montrose 
Houston 6, Texas 
Telephone: JAckson 6-2959 
TWX HO 1056 

Tulsa Office: 
Post Office Box 911 
Tulsa 1, Oklahoma NORTH CENTRAL: 
Telephone: Riverside 2-4657 HUGH W. MARSLAND CO. 

Washington, D.C. Office: 
3610 Mount Vernon Avenue 
P.O. Box 5007 
George Washington Substation 
Alexandria, Virginia 
Telephone: TEmple 6-1800 

Winston-Salem Office: 
1707 Princeton W 
Winston-Salem, North Carolina 
Telephone: PArk 5-5384 

Baltimore Office: 
110 E. Pennsylvania Ave. 
Towson 4, Maryland 
Telephone: VAlley 8-6744 

Chicago Office: 
6699 Lincoln Avenue 
Chicago 45, Illinois 
Phone: ORchard 6-1100 
& 6-1101 
TWX: SKOK 531 

Indianapolis Office: 
6730 East 19th Street 
Indianapolis 19, Indiana 
Telephone: FLeetwood 6-4249 

Minneapolis Office: 
231 N. Edgewood Avenue 
Minneapolis 27, Minnesota 
Telephone: Liberty 5-4481 

KANSAS - MISSOURI: 
HARRIS-HANSON CO. 

St. Louis Office: 
2814 S. Brentwood Blvd. 
St. Louis 17, Missouri 
Telephone: Mission 7-4350 
TWX: WEB 237 

Kansas City Office: 
7916 Paseo Avenue 
Kansas City 30, Missouri 
Telephone: Highland 4-9494 
TWX: KC 448 

MICHIGAN, OHIO, 
WESTERN PENNSYLVANIA: 

S. STERLING COMPANY 

Detroit Office: 
15310 West McNichols Road 
Detroit 35, Michigan 
Telephone: BRoadway 3-2900 
TWX: DE 1141 

4808 Bergenline Avenue 
Union City, New Jersey 
Telephone: UNion 7-3204 
TWX: UN CY NJ 797 ROCKY MOUNTAIN AREA: 
New York Telephone: HYTRONIC 
OXford 5-0082 MEASUREMENTS, INC. 

Philadelphia Office: Denver Office: 
101 North 33rd Street 1295 South Bannock Street 
Philadelphia 4, Pennsylvania Denver 23, Colorado 
Telephone: EVergreen 6-3130 Telephone: PEarl 3-3701 
TWX: PH 1012 TWX: DN 863 

NEW ENGLAND STATES: Albuquerque Office: 
TECHNICAL INSTRUMENTS, INC. 211 Sierra, S. E. 
Boston Office: 
90 Main Street 
Reading, Masachusetts 
Telephone: REading 2-3930 
TWX: Reading Mass. 700 

Bridgeport, Connecticut: 
1115 Main Street 
Bridgeport, Connecticut 
Telephone: FOrest 8-4582 

Cleveland Office: 
5827 Mayfield Road 
Cleveland 24, Ohio 
Telephone: 1-1111crest 2-8080 
TWX: CV 372 

Dayton Office: 
363 West First Street 
Dayton 2, Ohio 
Telephone: BAldwin 8-8794 

Pittsburgh Office: 
4024 Clairton Boulevard 
Pittsburgh 27, Pennsylvania 
Telephone: TUxedo 4-5515 

METROPOLITAN NEW YORK 
CITY, NEW JERSEY AND 
EASTERN PENNSYLVANIA: 
KENNETH E. HUGHES COMPANY Syracuse Office: 

6 East Bayberry Drive 
Liverpool, New York 
Telephone: HOward 3-8301 

UPPER NEW YORK STATE: 
J. A. REAGAN CO., INC. 

Albany Office: 
45 North Lake Avenue 
Albany, New York 
Telephone: HEmlock 6-9649 
TWX: AL 352 

Buffalo Office: 
145 Millbrook Drive 
Williamsville, New York 
Telephone: Plaza 2727 

Binghamton Office: 
52 B Crestmont Road 
Binghamton, New York 
Telephone: RAymond 3-9661 

Box 8394 
Albuquerque, New Mexico 
Telephone: ALpine 5-0669 
TWX: AG 193 

Salt Lake City Office: 
2022 South Main Street 
Salt Lake City, Utah 
Telephone: INgersoll 6-4924 
TWX: SU 563 

WRITE YOUR LOCAL REPRESENTATIVE FOR CONDENSED CATALOG 106 

Originators of the Modular Enclosure System 

Ingersoll PRODUCTS DIVISION 
BORG-WARNER CORPORATION 

630 Congdon • Dept. 1242 • Elgin, Illinois 
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"HEAVY DUTY" 

SPECIFICATIONS 

POWER FACTOR: 1.5% Max. @ 1 KC 
(initial) 

POWER FACTOR: 2.5% Max. @ 1 KC 
(after humidity) 

WORKING VOLTAGE: 1000 V.D.C. 

TEST VOLTAGE (FLASH): 2000 V.D.C. 

LEADS: No. 22 tinned copper (.026 dia.) 

INSULATION: Durez phenolic—vacuum 
waxed 

INITIAL LEAKAGE RESISTANCE: Guaran-
teed higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RESISTANCE: 
Guaranteed higher than 1000 meg-
ohms 

DISCAPS® 

Type B DISCAPS meet or exceed all EIA 
RS-198 specifications for Z5U ceramic capaci-
tors. Designed for by-passing, coupling, or 
filtering applications, Type B DISCAPS are 
manufactured in capacities between .00015 
and .04 MFD. 
A heavy ceramic dielectric element provides 

a safety factor where steady or intermittent 
high voltages occur. Type B DISCAPS show a 
minimum capacity charge between +10°C and 
+85°C (see curve). 
Type B DISCAPS are rated at 1000 working 

volts and cost no more than ordinary lighter 
constructed units. 

20 

—10 

—40 

TYPICAL 
CAPACITY VS. TEMPERATURE 

TYPE-B-DISCAPS 
25 TO 85°C 

TEMPERATURE *C 

40 4 00 SS 60 45 70 70 MO 

DISCAP 

CERAMIC 
CAPACITORS 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY & CO., INC. 

GENERAL OFFICE: 3325 N. California Ave., Chicago IS, III. 

Two RMC Plants Devoted Exclusively to Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

electronics • JUNE 24, 1960 CIRCLE 61 ON READER SERVICE CARD 61 



§ SOLID STATE announces 
T„VIBRACHOPPER 

DC DRIVEN ADJUSTABLE FREQUENCY 

First all-transistor modulators with a self-contained drive 
...completely encapsulated...operates entirely on DC! 

The VIBRACHOPPER is an all-electronic 
solution to an electronic design problem. Its exclusive self-
excitation circuitry embodies an entirely new and unique 
approach to low level chopper design. High linearity and 
temperature stability are basic characteristics that have 
been achieved. Four models are available in both germa-
nium and silicon for SPDT and DPDT operation. 

Model 80 

SPDT 
- 

—55°C to +90°C 

solid state 
electronics ce-

MODEL 80 
VIBRACHOPPER 

SPDT 

solid state 

electronics co. 

MODEL 81 
8RACNOPPE8 

DPO 

ACTUAL SIZE 

Model 81 

DPDT 

,V0`15" 
*tiler/. 

DESCRIPTION 

The solid state VIBRACHOPPER embodies 
a new and unique approach to low level chopper design 
which eliminates the necessity of supplying an AC driving 
source at a fixed frequency. A self-contained adjustable-
frequency solid state vibrator acts to drive a transistorized 
chopper under the most optimum of conditions. Activation 
is induced merely by supplying a DC voltage with low 
power drain. The Models 80 and 90 are equivalent to 
single-pole double-throw, break-before-make switches. The 
Models 81 and 91 are double-pole double-throw versions 
of the 80 and 90 respectively and may be used for synch-
ronous modulator-demodulator applications. 

The physical nature of the VIBRACHOPPER makes it im-
mune to many of the most important weaknesses of 
electro-mechanical choppers. Having no moving parts it is 
not subject to wear, contact bounce, pitting or arcing. 
Being an inertialess device, VIBRACHOPPERS are virtually 
unaffected by shock, vibration and acceleration. 

Model 90 

SPDT 

ºQ;" 
:11 

—55°C to +150°C 

solid state 
electronics se. 

MODEL 90 
VIBRACHOPPI 

Sit ICON 
SPDT 

Solid state 
electronics al' 

MODEL 91 
SILICON 

VIBRACHOPPE R 
DPDT 

Model 91 

DPDT 

k 4004 i o 9 ° 

enrn 

High linearity and temperature stability are evident 
over a wide dynamic signtil range extending from a frac-
tion of a millivolt up to a nominal ± 15 volts for the 80 
and 81 and up to a nominal -1- 7 volts for the Models 90 
and 91. The chopping frequency is externally adjustable 
by varying the DC drive voltage. This provides an additional 
design freedom heretofore unattainable with electrome-
chanical type choppers. The Models 80 and 81 have a 
frequency range from 1.5 to 6.5 kcps, while Models 90 and 
91 range from 1.8 to 4.4 kcps. 

The Models 90 and 91 employ silicon transistors and are 
especially suited to high temperature applications up to 
a rated 150 ° C. 

SPECIFICATIONS Signal input voltage: from fraction of 
a millivolt to ± 15 volts DC for Models 80 & 81; to ± 7 volts DC for Models 90 & 91. 
Chopping frequency: 1.5 to 6.5 kcps for Models 80 & 81; 1.8 to 4.4 kcps nominal 
for Models 90 & 91. Signal current: to 50 milliamperes for Models 80 8. 81; to 20 
milliamperes for Models 90 & 91. Rise and fall time: 2 microseconds nominal. 
Linearity: less than ±0.5% deviation from best straight line. Dissymmetry: ±5% 
or less. Operating temperature: —55° C to -I-. 90 °C for Models 80 & 81; —55°C 
to +150 ° C for Models 90 & 91. DC power requirement: .02 to 0.5 watts nominal. 
6 to 32 volts DC for Models 80 & 81; 12 to 32 volts DC for Models 90 & 91. 

MECHANICAL DATA Shock fesistance: 500 G, 11 milli-
seconds, any direction. Vibration: 50 G, zero to 2000 cps. Acceleration: 1000 G, 
any direction. Humidity: to 100% up to 90°C. Dimensions: Models 80 & 81, l'A 
inches long; Model 90, 11/2 inches, Model 91, 13/4 inches. All models 1 inch diameter. 
Weight: Models 80, 81, 32 grams; Models 90, 91, 40 grams. Connections: Plug-in, 
standard miniature tube socket. Models 80 & 90, 7-pin; Models 81, 91, 9-pin. 

Write or Phone 
for Bulletins 
Describing 

Above Units 

: SOLID 
STATE 

- ELECTRONICS CO 

15321 Rayen St. / Sepulveda, Calif. 
EM pi re 4-2271 
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NOW 
NINE-NINETY-NINE 

AT YOUR 
NEAREST 

SEMICONDUCTOR DISTRIBUTOR 

• 

RCA's entire line of Silicon and Germanium Transistors and Silicon Rectifiers is now as close as your 
telephone and can be obtained at factory low prices in quantities up to 999. The new "Drift Field" 
types ...Thyristors, exciting new bi-stable switching transistors... the High Power, Intermediate 
Power and Medium Power Silicon Transistors featuring exceptionally low-saturation resistance...are 
just a few examples of the rapidly expanding line of RCA Semiconductor Products you can now quickly 
and conveniently order from your nearby RCA Semiconductor Distributor. And don't forget these 
extra benefits a call to your RCA SEMICONDUCTOR DISTRIBUTOR will bring to you: 

e Prompt delivery of the latest RCA types for your evaluation 

• Orders filled from factory-fresh stock 

• Up-to-date, practical product information 

Semiconductor Products 
Distributor Sales 
Harrison, N. J. 

• -Valuable technical assistance when you need it 

• "One-stop" service on your orders 

• Specialists who understand your problems and your electronic needs 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 



SELECT FROM INDUSTRY'S 
BROADEST LINE OF SILICON 
DIODES AND RECTIFIERS 

HIGH CONDUCTANCE GENERAL PURPO 

Type 
Case 
Type PIP V, 

Min DC 
Fwd I 

(a 25 C 
ma 0 lv 

Maximum Lib 
P 

i'l 25'C 
MY/ 

(a 
25'C ma 

(a 
Ian ma 

1 5645 N 225 275 400 0.2 15 600 
I 5645A N 225 275 400 0.2 15 600 

0.05(a 60v 100 125^C 
é 60v 

AF1N615 N 225 275 100 0.2 15 600 
1N646 N 300 360 400 0.2 15 600 
AF1N616 N 300 360 400 0.2 5 600 
15647 N 400 180 400 0.2 210 600 
AE1 5 617 N 400 480 400 0.2 20 600 
15648 N SOO 600 400 0.2 20 600 
AF1N648 N 500 600 100 0.2 20 600 
15619 N 600 720 400 0.2 25 600 
A F15619 N 600 720 400 0.2 25 600 

GENERAL PURPOSE SILICON DI 

Type 
Case 
Type PIP V, 

Min. DC 
Fwd I 
n, 25'C 
ma n, Iv 

Maxim on Llb 

cv 
25 -C va 

(a; 
150'C µa 

P 
(o, 25°C 
mw 

15456 N 25 30 40 0.025 5 500 
1 5456A N 25 30 100 0.025 5 500 
15457 N 60 70 20 0.025 s 500 
1 N457A N 60 70 100 0.025 5 500 
JAN I 5157 N 60 70 20 0.025 5 500 
15158 N 125 150 7 0.025 5 500 
15458A N 125 150 100 0.025 5 500 
JAN 15458 N 125 150 7 0.025 5 500 
15159 N 175 200 3 0.025 5 500 
15459A N 175 200 100 0.025 5 500 
JAN 15459 N 175 2)o 3 0.025 5 500 
1 5461 N 25 30 15 0.5 30 200 
15462 N 60 70 5 0.5 30 200 
15463 N 175 200 1 0.5 30 200 
15464 N 125 150 3 0.5 30 200 
I 5482 N 30 40 100• 0.25 30 500 
15482A N 30 40 100 0.025 15 500 
1518213 N 30 40 100 0.025 5 500 
1 5483 N 60 80 100• 0.25 30 500 
I 5483A N 60 80 100 0.025 15 500 
154838 N 60 80 100 0.025 5 500 
1 5484 N 125 150 100• 0.25 30 500 
1 5484A N 125 150 100 0.025 15 500 
15184 8 N 125 150 100 0.025 5 500 
1 5485 N 175 200 100• 0.25 30 500 
1 5485A N 175 200 100 0.025 15 500 
1 54858 N 175 200 100 0.025 5 500 
15486 N 225 250 100• 0.25 50 500 
I 5486A N 225 250 100 0.025 25 500 
1 54868 N 225 250 100 0.05 10 500 
15487 N 300 330 100 0.25 50 500 
I 5487A N 300 330 100 0.025 25 500 
1 5188 N 380 420 100• 0.25 50 500 
15488A N 380 120 100 0.025 25 500 
600C m 27 30 3 1 nr 20 g 150 

-10v -10v•• 
0.02500 40(a) 

601C M 45 50 10 -10v -10v 150 
604C M 4.7 5.5 60 0.1 40 150 
606C m 6.8 7.5 35 0.1 40 150 
608C M 10 11 25 0.1 40 150 
610C M 15 17 20 0.1 40 150 
6I2C m 22 25 20 0.1 40 150 
614C M 33 37 20 0.1 40 150 
616C M 47 52 10 0.2 40 150 
6I8C m 68 75 10 0.2 40 150 
620C M 100 110 10 0.2 40 150 
622C m 150 170 7 0.2 20.* 150 
624C m 220 250 3 0.2 20" 150 

At 100°C 

GALLIUM ARSENIDE TUNNEL 
I p Capacitance Vg 

Case 1,, 25 C IP 11/ 6: v, (9 25"C 66, 25 -C 
Tyre Type ma (a 25°C aaf volts 

1N650 u 10 (10%) > 15:1 30 OM 1.10 (-,107;) 
1N651 U 10 (* 2%) > 10:1 30 (tro) 1.10 (,...„ 5%) 
1N652 U 5 (±10%) > 5:1 40 (typ) 0.98 (k10%) 
15653 U 5 (±I0%) > 5:1 60 OM 0.98 (typ) 

SILICON C M 

Type 
Case 
Type PIP V, 

Max. T, 
(a 25 C 
asec 

Maximum lib @ 
PIP Min Fwd 

Current é 
1 volt 
ma dc 

n, 25-C 
va 

nx 100°C 
va 

15625 N 20 30 1 t 1 30 4' 
15626 N 35 50 1 1 1 30 4' 
1 5627 N 75 100 1 1 1 30 1" 
I 5628 N 125 150 I t 1 30 4' 
I 5629 N 175 200 1 1 1 30 1' 

0.025 (a 10v 10 (a 10v 
1 56.43 N 175 200 0.3•• 1 (a 100v 15 (a 100v 10 
15658 N 50 120 0.3 t 0.05 25 (g 150'C 100 
15659 N 50 55 0.3 t 5 25 6 
1 5660 N 100 110 0.3 t 5 50 6 
15661 N 200 220 0.3 t 10 100 6 

1 (ix 10v 20 (a. 10v 
15662 N 80 100 0.5 § 20 (a, 50v 100 hi, 50v 10 
I 5663 N 80 100 0.5•• 5 e 75v 50 (a, 75v 100 15911 N 75 100 0.0001X 5 bx 75 v 50 (a 150'C 10 

0.025 é 20 v (a, 20v 
I 5916 N 75 100 0.0004 5 (if 75v 50 (a 150-C 10 

0.025 (a 20v (a. 20v 

t IAN 2 6 (30 ma forward, switched to -35 v reverse, recovery to 400 K ohms) 
•• JAN 256 (5 ma forward, switched to -40 v reverse, recovery to 200 K ohms) 
JAN 256 (5 ma forward, switched to -10 y reverse, recovery to 80 K ohms) 

§ JAN 2 6(5 ma forward, switched to -40 v reverse, recovery to 100 K ohms) 
EGG Type 2236A (10 ma forward, switched to -6 volts reverse, recovery to 1 ma reverse) 

HIGH VOLTAGE DIODE STACKS 
411 Standard Ui 

Type 
Case 
Type PIP 

VF Max 
250 ma 

br + 25 C 

Max OperatIng 
Freq. n, PIV 

(Sinusoldal) 
Zener 

Min Max 

No. 
of 

Diodes 
I 52878 
through 
152-925 

GO 
700 

6500 

2 

13 

10 KC 

1.0 KC 

Boo 1400 

7150 9100 

2 

13 

VOLTAGE REGULATOR DIOD 

Type 
Case 
Type 

Zener Voltage 
bx 25°C 

g 5 ma t, n.,,, 20 ma I, 

Power Diss 
bx 

25 C mw 150•C 

Max. I, 
n, 25 -C 
(" tz 
Ohms 

TYP 
Temp 
Codf 
7. 'C 

157461 N 3.3 400 100 28 -0.062 
1N747t 5 3.6 400 100 24 -0.055 
157481 N 3.9 400 100 23 -0.049 
1N719t N 4.3 400 100 22 -0.036 
1 57501 N 4.7 400 100 19 -0.018 
157511 N 5.1 400 100 17 -0.008 
157521 N 5.6 100 100 11 +0.006 
1 147531 N 6.2 400 100 7 +0.022 
157541 N 6.8 400 100 5 +0.035 
157551 N 7.5 400 100 6 +0.045 
15756t N 8.2 400 100 8 +0.052 
1 57571 N 9.1 400 100 10 +0.056 
15758} N 10.0 400 100 17 +0.060 
157591 N 12.0 400 100 30 4-0.060 
650C• M 3.7 -4.5 150 40 
65IC• M 4.3 -5.4 150 40 
652C• m 5.2 -6.4 150 40 
653C• m 6.2 -8.0 150 40 
651C9' M 8.5 -9.5 150 40 
655C9• M 9.5 -10.5 150 40 

0 e 
(±5% or ± 10% tolerance available) 

Units 1N741 !trough 1N7411 (A) meet MU spseitkation MIL-E-1/1268 (Navy) and a,. 48i18814, 
with USN prefix. 

line of diodes and rectifiers 

CIRCLE 64 ON READER SERVICE CARD 
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silicon diodes and rectifiers 

CC „AA AINO R UW X 

GALLIUM 

Type 
Case 
Type 

Min 
Breakdown 
Voltage-v 

Junction 
Capacitance 

(a 0 volts bias 
I 

Min 
Q(4.3 Xmc 

Min 
Cut-off 

Frequency 
Kmc 

OD-500 FF -6 0.1 min 
1.0 max 

20 (Fri -2 volts 
30 ® -6 volts 

60 e, -2v 

POWER REGULATORS AND DOUBLE ANODE CLIPPERS 

Available with either anode or cathode to stud 

Type 
Case 
Type 

Peser 
Voltage 
® 25 C 

I, 
ma 

Power 
DISS 

ki 50 C 
w 

Reverse 
Current 

1.1b 
25°C ia 

(a, -5v (a, -10e 

Max Z, 
0, 25°C 
(ai I, 
Ohms 

1)11) 
Temp 
Codf 
%. 'C 

I 524413• R IO 500 10 40 - 2 0.06 
1 524995 R 11 500 10 30 - 2 0.06 
1525001 R 12 500 10 25 -. 2 006 
1518165' R 13 500 10 25 - 2 0.07 
1518175 R 15 500 10 15 - 2 007 
1518185 R 16 5130 10 10 - 3 0.07 
1518195 R 18 500 10 10 - 3 0.07 
151820 , R 20 250 10 - 10 3 008 
1 518211 R 22 250 10 - 10 3 0.08 
1518221 R 24 250 10 - 10 3 008 
1518231 R 27 250 10 - 10 3 0.08 
1518245 R 30 250 10 - 10 4 0.08 
151825, R 33 150 10 - 10 4 0.08 
1518261 R 36 150 10 - 10 5 0.09 
1518271 R 39 150 10 - 10 5 0.09 
151828, R 43 150 10 - 10 6 0.09 
1518291 R 47 150 10 - 10 7 0.09 
1518301 R 51 150 10 - 10 8 010 
1518315 R 56 150 10 - 10 9 0.10 
1518325 R 62 50 10 - 10 12 010 
1518335 R 68 50 10 - 10 14 0.10 
1518345 R 75 50 10 - 10 20 0.11 
1518351 R 82 50 10 - 10 22 0.11 
1518365 R 91 50 10 - 10 35 0.12 
1520085 R 100 50 10 - 10 40 012 
1520095 R 110 50 10 - 10 47 0.12 
1520101 R 120 50 10 - - 10 56 0.12 
152011 , R 130 50 10 - 10 65 0.12 
152012 , R 150 50 10 - 10 82 0.12 

t aTo i omerance) 

Units 1N11116 through 1N11136 (AZ RA) meet Mil speci ication MIL-E-1/12511 Navy) and are available 
with USN prefix. 

PHOT 

Type Case 
Type 

Bias 
Voltage 
y 

Man 

Dark Current 
V, 25`C 
±50v max 
4 

Dark Current 
(a. 100`C 
,t50v max 
4 

•Typ Light 
Current (a, 25`C 

(a, 10v 
pa 

*Typ Sensitivity 
(ci, IOV 

0a mw cm' 
152175 CC 

- - 
50 0.5 100 200 22.3 

-'uni curmemmi mnasuron ir rr is or radiation. R dmatmon = 9 mw cm , in a frequenc bandwIdth of 0.7 
to 1 micron 

STABISTORS 

Type 
Case 
Type 

I F 
flla 

PIV 
VOI1S 

VF 
Volts at 
1 ma 

VF 
Volts at 
100 ma 

Llb 
pa at -2v 
at 25*C 

G 129 

G 130 
N 
N 

250 
150 

10 
6 

0 56*10% 

0.64*10% 
1 
I 

01 
0 I 

SILICON RECTIFIERS-ECONOMY PA 

Recurrent DC 
lb Peak Forward Voltage Max Reverse 

Case Ma Current (a 25'C Drop ® 25°C Current (4 25*C Type Type PIV 25"C 100C a y (a, ma pa ® v 
152(169 w 200 750 500 6 1.2 ® 500 10 ® 200 
152070 w 400 750 500 6 1.2 V:- 500 to 4 400 
152071 w 600 750 500 6 1.2 ® 500 10 ® 600 

SILICON RECTIFIERS 

Type 

,e.s. Recurrent 

4, 
„.• Mounting 

PIV 
v 

25`C 1500 

lo 
ma 

25°C 150`C 

Peak Current 
i-65°Cto +150*C 

ma 

Eb 
® 25°C 

vga 

Llb 
® Ply 
® 25*C 

pa 
1 5588 6- Axial 1500 1000 25 10 150 10®10ma 50 
15589 0 Axial 1500 1000 50 25 250 86.1.•50ma 50 
151130 P Cathode Stud 1500 1000 300 150 1 a 15®0.3 50 
151131 P Anode Stud 1500 1000 300 150 1 a 15440.3 50 
15570 BB plug in 1500 1000 37 5. 25° 1.2a®25°C• 10®50ma• 50 
15538 Q Axial 200 200 750 250 2.5a(c625°C 1560,5 10 
JAN 15538 Q Axial 200 200 750 250 2.5a®25°C 1560.5 10 
15539 Q Amal 300 300 750 250 2.5a(c625°C 1(40.5 10 
15540 Q Axial 400 400 750 250 2.5a(a,25°C I®0.5 10 
JAN 15540 Q Axial 400 400 750 250 Z.5a®25°C 1(40.5 10 
15547 Q Axial 600 600 750 250 2.5a®25°C 18.5 10 
JAN 15547 Q Axial 600 600 750 250 2.5a®25°C 1560.5 10 
151095 Q Axial 500 500 750 250 64425°C 1068.5 10 
151096 Q Axial 600 600 750 250 6a(ª,25°C 1560.5 lo 
152535 R Cathode Stud 100 100 3 a la®135°C 10a®50°C I.1®1 10 
JAN 15253+ R Cathode Stud 100 100 3 a la0035°C 10a0450°C 1.1(41 10 
15254+ R Cathode Stud 200 200 3 a 0.4a®6135°C 10a(cc50°C 1.1®1 10 
JAN 1 52545 R Cathode Stud 200 200 3 a 0.441.135°C 10a(a,50°C 1.1®1 10 
152551 R Cathode Stud 400 200 3 a 0.4a® I35°C 104®50°C 1.1®I 10 
JAN 152555 R Cathode Stud 400 200 3 a 0.4a(a-135°C 1030,50°C 1.1®1 10 
15256+ R Cathode Stud 600 200 3 a 0.2a(ª-135°C 10a450°C 1.11561 10 
JAN 152561 R Cathode Stud 600 200 3 a 0.2a(ª.135°C 10a(a,50°C 1.1(41 10 
1511241 R Cathode Stud 200 200 3a la 10a(950°C I.1®1 10 
1511255 R Cathode Stud 300 300 3a la 10a ®50°C I.1 ®1 10 
1511265 R Cathode Stud 400 400 3a la 10a®50°C 1.1®1 10 
1 511275 R Cathode Stud 500 500 3a la 10a®50°C 1.1®1 10 
1511285 R Cathode Stud 600 600 3a la 10a 450°C 1.1 ®1 10 
11416145 R Cathode Stud 200 200 15 a 5 a 50a®650°C I.5®10 10 
1516155 R Cathode Stud 400 400 15 a 5 a 50a(a,50°C 1.5(®10 10 
1 516165 
- - • 

R 
• •• 

Cathode Stud 600 600 15 a 5 a 50a(a.50°C 1.5®10 10 
or cae flair-wave section 
R Suffix denotes anode to stud configuration, i. e. 1811240 
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251600 
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251602 
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251604 
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TI-025 
TI-050 
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AA 
AA 
AA 
AA 
AA 
X 
X 
X 
X 
X 
X 
X 
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10 
10 
10 
10 
10 
3 
3 
3 
3 
3 
3 
3 
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n,.....1-

25 
25 
25 
25 
25 
15 
15 
15 
15 
15 
15 
15 
15 

50 
100 
200 
300 
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50 

100 
200 
300 
400 
50 
50 
50 

50 
100 
200 
300 
400 
50 

100 
200 
300 
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50 
50 
50 

60 
120 
240 
360 
480 
60 
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60 
60 
60 

150 
150 
150 
ISO 
150 
150 
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150 
150 
150 
150 
150 
150 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

2 0, 3 amps 
2 (a, 3 amps 
2 0. 3 amps 
2 (a- 3 amps 
2 (a. 3 amps 
20, I amp 
2 (a, I amo 
2 (a, 1 amp 
2 (a, I amp 
2061 amp 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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For PROJECT MERCURY 
Dresser-ldeco puts wings on tower construction 

...completes 48 towers in 52 days! 

Field assembly test 

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

This Dresser-/deco contract included 
transmitting, receiving 

and boresight designs. 

66 CIRCLE 66 ON READER SERVICE CARD 

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

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

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

Write for booklet: "Facilities 
for Defense Production." 
Dresser-Ideco Company, A 
Division of Dresser Industries, Inc., 
875 Michigan Avenue, 
Columbus 15, Ohio. 
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MICROWAVE EQUIPMENT produced in the past year is estimated at 
$1.2 to 1.3 billion.' Radomes, towers and other equipment associated 
with microwave systems but not included in the estimate may be double 
this figure. Spectacular growth has been achieved in two decades, 
and expansion of the microwave industry is continuing. Growth in 
the next decade is expected to be twice that of the fast-growing 
electronics industry as a whole. 

Radar has so far been the principal application. The basic con-
cept of detecting aircraft by means of reflected electromagnetic 
waves was reported in ELECTRONICS in September of 1935. However, 
during World \Var II the need to detect enemy aircraft and to control 
antiaircraft artillery spurred large investments in money and scientific 
manpower to develop microwave devices. 

The Korean conflict and continued threats to peace have main-
tained military interest in mirowaves. Last year, more than 80 
percent of all expenditures for generating, amplifying, radiating 
and receiving microwaves, including test equipment, was by the 
military. In addition to radar, this expenditure was for microwave com-
munications, countermeasures, telemetering equipment, air traffic con-
trol and navigation systems. 

Many techniques and devices developed for the military are now 
being used in commercial applications. Communications is the 
largest nonmilitary application. Microwaves are also being used 
in nonmilitary radar, air traffic control, microwave computers, spec-
troscopy, microwave ovens and medical diagnosis. The percentage 
of the total microwave market represented by commercial equipment 
is expected to slowly but surely increase. 

The future of microwaves, and of the higher frequency "milli-
meter waves," is bright but difficult to predict in detail. There is 
growing awareness of the value of basic research in this area. Such 
effort could result in materials and devices that might revolutionize 
the industry. Efficiency, reliability, simplicity and other character-
istics of present equipment may be greatly improved. And applications 
not even visualized may become commonplace in the next ten years. 
Although results are not vet fully known, some trends are evident in 
equipment and components described in the report. 
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FIG. 1—Navigation systems in long-distance commercial airliners use doppler radar to measure ground speed 

APPLICATIONS 
Besides conventional radar and communications applications, 

microwaves are also being used in computers, remote control 

and cooking. New uses include medical research and microwave 

spectroscopy to determine the properties of matter 

PRACTICAL APPLICATIONS of microwaves are growing in 
number and the versatility of microwave systems is in-
creasing. This expansion is partly the result of the basic 
properties of microwaves but is also dependent on the 
increasing variety of characteristics obtainable with newer 
microwave devices and components. 

Most applications of microwaves rely on the transmis-

es 

sion and reception of intelligence in some form. Com-
munications at these frequencies does more than expand 
the usable space in the spectrum. Microwaves tend to 
propagate in straight lines, and high-gain antennas that 
can radiate beams in predetermined patterns are possible. 
Microwaves permit transmission of more information 
or provide higher resolution or both, and the short pulses 
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that can be generated and transmitted can increase the 
speed of communicating data. 

RADAR—Although most radar equipment is designed 
for military use, nonmilitary applications are increasing. 

Because of the heavy emphasis of the military on radar 
developments, it is difficult to get detailed information 
about newer radar developments. However, a number of 
trends can be seen from the characteristics of new micro-
wave devices now available. In addition, authorities in 
microwaves indicate efforts to develop components with 
characteristics that could have obvious value for radar. 

For example, a need exists for surveillance radar with 
up to 50 or even 100 megawatts peak pulse power. Sys-
tems manufacturers cite efforts to develop antennas and 
other devices capable of handling such large amounts of 
power. Low-noise circuits such as masers or paramatric 
amplifiers can also provide significant increases in effec-
tive range of some types of radar. 

Efforts are also being made to develop microwave 
devices capable of operating over broad bands of fre-
quencies. Military radars that could change operating 
frequency readily would be more immune to jamming and 
other electronic countermeasures. Another possible reason 
for this capability is that some types of electronic scanning 
rely on changing frequency. 

Electronic scanning is another trend in military radar. 
Although efforts at electronic scanning have been made 
for a long time, it is only recently that practical methods 
have evolved. Electronic scanning eliminates some 
mechanical problems associated with driving large para-
bolic reflectors. High-speed electronic scanning also 
illuminates targets more frequently than mechanical 
scanning, increasing the probability of detection. 

Another capability being refined in military radars is 
moving target indication. Use of the doppler shift prin-
ciple or cancellation of detected response noted on suc-
cessive antenna sweeps can be used to indicate moving 
targets. Some mti radars provide a conventional display 
with moving targets superimposed. Relative brightness can 
be controlled to permit orientation of the moving target in 
its surroundings. 

High-resolution search radars like the AN/APQ-55 by 

FIG. 2—This microwave equipment detects signals hav-
ing frequencies from 8,200 to 40,000 Mc 

FIG. 3—Low-noise antenna (left) designed by Bell Labs 
for passive satellite communications system operates in 

Texas Instruments Incorporated are being used for radar 
mapping. Some of these systems incorporate sweeps 
that compensate slant range, providing a display in which 
distances are linear. 
Because of size limits of airborne radar antennas, 

resolution is limited. In Project Michigan, a small antenna 
reportedly provides resolution equal to a much larger 
antenna. Forward motion of the aircraft and a data 
storage system for echoes are used. 

Automatic range-tracking circuits in receivers provide 
continuous range data. Angular tracking can be accom-
plished by several methods, with monopulse becoming 
popular (see ELECTRONICS, p 51, April 22). Range and 
angular rates and accelerations enable prediction of future 
target position for fire-control systems and missile testing. 

Track-while-scan capabilities are being incorporated in 
more military radars. Also, with coordinate information 
about a target available, it is possible to illuminate it with 
c-w radar, enabling a homing device to intercept a target 
even with abrupt changes in target direction. 
The doppler effect can provide relative velocity informa-

tion. Military aircraft and a growing number of long-
range commercial planes are using this principle to 
determine ground speed. A ground test of this gear 
using Polarad equipment is shown in Fig. 1. 
Commercial radar is being used for aircraft traffic con-

trol, marine and aircraft navigation, and to some extent 
on smaller pleasure boats. Doppler radars have received 
considerable attention in contemplated automobile colli-
sion-avoidance systems, although equipment costs and 
other problems must be overcome. A widespread non-
military application of doppler radar is for checking auto-
mobile speed. 

Doppler shift is also being used in bomb-navigation 
systems to detect changes in altitude. Information ob-
tained from doppler radar can also be used to provide 
altitude information in helicopters. A radar tracking 
system being developed at Phiko uses c-w signals for 
missile testing.' 
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conjunction with the low-noise traveling-wave ruby-loaded 
maser (right) with 30-Mc bandwidth 

COUNTERMEASURES—The U-2 incident has forcibly 
brought countermeasures and counter-countermeasures to 
the attention of the public. It has been reported that the 
craft was equipped with countermeasures devices. 

Electronic countermeasures are attempts to nullify the 
effectiveness of enemy electronic equipment; counter-
countermeasures are attempts at offsetting the effective-
ness of enemy countermeasures. An example of an earlier 
countermeasure was the dropping of chaff or bits of metal 
foil from penetrating aircraft during World War II to 
mislead enemy radar. Since then many of the devices and 
methods of radar have been borrowed for counter-
measures. Countermeasures have in turn influenced radar 
design. 

Tight security measures prevent gathering much in-
formation in this area, although many microwave develop-
ments can be related to countermeasures. For example, 
one method of disrupting enemy electronic equipment is 
the transmission of noise at high power over a broad band 
of frequencies. This may partially account for efforts to 
develop broadband high-power microwave devices, includ-
ing some antennas described in this report. 
Another countermeasures technique is to wait for 

reception of enemy transmissions to determine their char-
acteristics. Equipment to do this has been developed. For 
example, American Electronics Laboratories, Inc., devel-
oped the AN/GLA-15 Troop-User antenna set. This 
lightweight crystal video detection system covers frequen-
cies from 8,200 to 40,000 Mc. Circularly polarized horn 
antennas are used in the system shown in Fig. 2. Beam-
width varies from about 50 degrees at the low-frequency 
end to about 40 degrees at the high end. 
When characteristics of enemy transmissions are known, 

equipment that operates with reasonable efficiency over a 
broad band of frequencies may be tuned to disrupt enemy 
equipment. Transponders somewhat similar to those used 
in beacons may also be triggered by radar pulses and re-
transmit an echo after a deceptive delay or some other 
misleading process. 

A radar echo augmentation device may also be used in 
countermeasures. A Temco unit is a compact, self-con-
tained traveling-wave tube amplifier designed for radar 
cross-section enhancement. Operating between 8,500 and 
10,250 Mc, it provides a reply with less than 0.1 »sec 
delay and is effective against pulsed and c-w radars. The 
device provides a dispersed return signal to respond 
against systems that use a radar in one location and a 
receiver in another. It can be used in target drones and 
decoys and for missile tracking and aircraft anticollision 
devices. A small target drone equipped with the unit can 
simulate the cross section of a B-52. 

Defenses against countermeasurers include equipment 
that can operate over broad bands of frequencies and 
systems in which operating frequency can be readily 
changed. Increasing radiated power, gain and other char-
acteristics of transmitting and receiving antennas, and 
improving receiver signal-to-noise ratio all enhance the 
probability of successful operation in the presence of 
jamming. Encoding transmissions so that a receiver rejects 
signals not similarly encoded is also effective. 

MICROWAVE COMMUNICATIONS—Both military 
and commercial uses of microwave communications are 
expanding rapidly. Total military and nonmilitary ex-
penditures on point-to-point links amounted to about $85 
million in 1959, with about $50 million for the military. 
An estimated $100 million more was invested in tropo-
spheric scatter systems, largely for military use. 

Economic and technical factors are involved in the 
growing use of point-to-point microwave links. Installa-
tion costs are low compared to wire lines when many 
channels are required or when a single broadband channel 
like a tv link is needed. In some terrain, stringing wire is 
impracticable. The high frequencies of microwaves permit 
broadband multiplexing to carry a large number of 
channels over a single link. 

High antenna gains and easily directed energy keep 
power consumption of microwave links down. Also micra 
wave antennas can be small compared with those required 
for radio communication at lower frequencies. 

Microwave point-to-point systems are furnishing links 

in telephone and telegraph systems, relaying tv programs 
and performing a wide variety of industrial functions. 
An example of control by microwaves is the offshore 

natural gas condensate production installation. One typi-
cal platform has three gas condensate wells, allied pro-
duction gear, safety and navigation equipment. Micro-
waves permit 21 continuous and 12 selective telemetered 
functions, with 23 platform controls. The rig and a master 
control are linked with a Motorola system. 
A 10-mile microwave system will enable the U. S. 

Weather Bureau to transmit data between computer sta-
tions of the National Bureau of Standards in Washington 
and the National Meteorological Center in Suitland, Md. 
The system will accept data from magnetic tape and 
record it on similar tape at the opposite station. The tape 
is used as direct computer input. 

Tropospheric scatter systems permit microwave com-
munication over mountains, water or long distances. 
Because serious fading can occur on tropo links, several 
methods are used to maintain communications. Two dual 
diversity receivers use the same antenna to provide quad-
ruple diversity reception in a 180-mile path between 
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Nassau and Florida. Up to 72 telephone trunk circuits are 
provided by two 10-Kw Standard Telephone and Cables 
transmitters operated near 2,000 Mc. They feed two 
30-ft parabolas. 

Ferrite phase modulators are mounted in the wave-
guides from the diversity antennas. A rotary phase shifter 
after each channel-branching filter continuously corrects 
each r-f channel separately. The center section of the 
phase shifter contains circular waveguide that is rotated 
by a servo motor to correct phase of the incoming signal. 
If one signal is phase modulated, an error signal derived 
from the combined i-f signal drives the servo. 
When signals are equal and in phase, a net advantage of 

3db is obtained over a single antenna. With no signal 
from one antenna and full signal from the other, net 
loss is 3 db, and fading range is limited to 6 db. 

Ultimate sensitivity of earth-based microwave com-
munications is limited by thermal noise. Bell Labs has 
developed a low-noise antenna and receiver combination 
that increases the possibility of transoceanic communica-
tions by reflecting microwave energy from passive earth 
satellites. The narrow-beam highly directional horn re-
flector antenna has low noise when pointed skyward. 
Overall input temperature as low as 17.6 K at 5,650 Mc 
has been observed, including noise contribution from sky, 
antenna and maser preamplifier. 

Improvements now underway indicate feasibility of 
systems having an overall noise temperature of 7.5 K at 
6,000 Mc for reception near the sky's zenith. 

The 50-sq ft nonpolarized radiating aperture of the 
Bell antenna in Fig. 3 has half-power beamwidth of 1.75 
degrees and gain of 41 db at 5,650 Mc. The traveling-
wave maser in Fig. 3 is a two-port device that amplifies 
in the forward direction only. Nonreciprocal action is 
obtained with a ferrimagnetic material having 30-Mc 
bandwidth. The signal is tunable over 230 Mc and pump 
frequency is 18,500 to 18,900 Mc at 100 mw. 

COMPUTERS—Computer-like devices are being con-
structed using microwave techniques.' Their successful 
operation indicates that microwave components are use-

ful in computer logic circuits. Components include im-
pedance transformers, resonant circuits, phase-inversion 
networks, frequency-sensitive filters and modulators. They 
offer attractive possibilities not available in the base-
band computer approach. With a microwave carrier 
frequency (about 1,000 Mc), components such as ferrite 
isolators, directional couplers and special multiport linear 
devices including hybrid rings become usable. Operation 
at microwave frequencies permits pulse rise times of less 
than 1 nanosecond, using narrow-band components. 
One example of design and construction of a high-speed 

carrier computer subassembly is underway at RCA. The 
computer has a density of logic modules at least com-
parable to that of commercial baseband computers. Con-
ventional rectangular waveguide and traveling-wave tube 
amplifiers, prominent in earlier microwave computers, are 
too large for this objective. Components for 50,000 Mc or 
above were ruled out because emphasis was on the com-
puter and not microwave component developments. 
A modular bistable circuit was developed using vari-

able-capacitance diodes with a pump frequency of 4,000 
Mc and a subharmonic output of 2,000 Mc. At these 
frequencies, commercial microwave test components are 
available and the diodes operate efficiently. 

An earlier logic module used a pair of diodes in a 
balanced circuit operating with a 2,000-Mc pump. Volume 
was 0.71 in.', compared to 0.16 in." for the present logic 

modules. 
An experimental computer having ten logic modules 

was made to get statistical data on required pump and 
signal output power. Seven units operated with 40 mw 
or less pump power and minimum output was 1.5 mw. 

Varactors can be used for a fast digital computer be-
cause a pumped varactor can oscillate at a subharmonic 
of the driving frequency.' A tuned circuit resonant at 
one-half driving frequency is required. 
Phase of the half-harmonic oscillation may be at one 

of two states relative to pump frequency. If the pump is 
operated in the absence of other disturbances, oscillation 
phase occurs randomly in one or the other state. How-
ever, if some subharmonic oscillation is present when the 
pump is turned on, it can influence phase of the sub-
harmonic oscillation. 

Since little power is required to establish phase one way 
or the other with a high degree of certainty, high ampli-
fication occurs; much more power can be withdrawn from 
the subharmonic oscillation (once established) than is 
needed to establish it in one or the other phase. 
Thus binary data can be transferred from one sub-

harmonic oscillator to the next. Information through the 
computer can be made to follow prescribed paths if 
pump power to the oscillators is turned on at the proper 
times. Varactor computers may be possible with at least 
100-Mc repetition rates. Higher speeds could be obtained 
if varactor cutoff frequency were improved. 

Tunnel diodes in high-frequency oscillator circuits us-
ing waveguides and cavities as tuned elements have en-
countered parasitic oscillations. The oscillations arise 
from driving the circuit with a low-impedance d-c source. 
One approach, developed at IBM', is based on lumped-
parameter principles and is free from biasing problems. 
Oscillators were made that operate up to 3,000 Mc. 

In the structure used, a highly doped n-type germanium 
wafer about 2 mils thick is soldered to a 3-mil nickel 
mounting tab that serves as one electrode. Two closely 
spaced tin impurity dots, one doped with gallium and 
the other with arsenic, are alloyed to the n-type wafer. 
The SnGa dot forms a recrystallized p region that makes 
an abrupt junction with the heavily-doped n material. 
This creates a tunnel diode and a negative resistance is 
produced when the diode is forward biased at 50 to 350 
mv. The SnAs dot forms an ohmic contact to the n-type 
wafer. If resistance between the SnAs dot and the mount-
ing tab is less than absolute diode negative resistance, the 
system oscillates at a very high frequency when a short-
ing bar (the second electrode) is connected across the 
dots. A biasing current flows through the resistive part 
of the circuit sufficient to produce a d-c voltage across the 
tunnel diode, making it a negative resistance. 

Oscillator frequency is increased as dot dimensions 
and spacing decrease. Oscillator frequency can be in-
creased by etching away some areas of the Ge wafer. This 
procedure reduces diode junction area, hence its capac-
itance. Etching also isolates the bias resistance portion of 
the circuit from the diode part and suggests a simplified 
lumped-parameter circuit. Experimentally, frequency in-
creased as tunnel diode junction area decreased. 
Tunnel diode development is permitting higher oscilla-

tor frequencies. It has been reported that at IBM, R. F. 
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Rutz and his colleagues have attained frequencies to 5,300 
Mc, and observed second and third harmonics at 10,600 
Mc and 15,900 Mc, respectively. 

MICROWAVE HEATING—Using microwaves for cook-
ing is no longer a novelty. However microwave generators 
capable of higher average power could presage wider use 
of microwave cooking and also other industrial applica-
tions of microwave heating. 
A conveyor belt system has been developed by Philips, 

Eindhoven, Netherlands. Five Amperex magnetrons 
generate 10 Kw average power at 2,450 Mc. The system 
cooks complete meals at 150 per hour, raising tempera-
ture of previously prepared frozen food from —13 to 
176 F. 

EXPERIMENTAL APPLICATIONS—Microwaves are 
finding increasing uses in scientific research. Investigations 
range from analyses of atomic and molecular structures 
to gathering data about the ionosphere and outer space. 
Microwaves are helping solve a variety of problems from 
semiconductors to medical techniques. In controlled 
fusion research, microwaves can determine the properties 
of plasmas at extremely high temperatures. 

Microwave spectroscopy is used to determine properties 
of matter. An electron paramagnetic resonance (EPR) 
spectrometer developed by Varian Associates is shown in 
Fig. 4. It permits accurate nondestructive analyses of 
biological systems, chemicals, semiconductors and metal-

FIG 4—Electron paramagnetic resonance spectrometer i 

lic ions. Applications include enzyme substrate reactions, 
polymerization, radiation damage and photosynthesis. 
The spectrometer is sensitive to free electrons in molec-

ular structures, each of which has a characteristic spin. 
When the spinning charged particle is placed in a mag-
netic field, it precesses at a frequency dependent on the 
ratio of magnetic field strength to frequency. Because 
the physical constants are such that precession frequency 
is about 9,500 Mc with the sample in a magnetic field 
of about 3,000 gauss, the X-band reflex oscillator and 
microwave bridge are suitable for inducing and provid-
ing for observation of EPR. 
The possibility of using microwave absorption for 

measuring semiconductor properties is reported by RCA.' 
No direct electrical connection to the sample is required. 
It is possible to inject pulses of minority carriers either 
optically or through contacts and use microwave tech-
niques to measure minority carrier lifetime decay. 
A reflex klystron delivers power into a 12,000- to 

18,000-Mc waveguide, and an isolator absorbs all re-
flected power to maintain constant klystron output. The 
semiconductor sample is mounted in a waveguide holder 
so it can be supplied with light, controlled atmosphere, 
coolant and electrical signals. Any changes in these cause 
variations in transmitted or reflected power or both, which 
are observed on an oscilloscope. 

This technique may be useful for minority-carrier life-
time measurements in comparatively high resistivity ma-
terials like germanium and silicon. 

one of the latest research tools to use microwaves 



FIG. 5—Scale model of dual parabola antenna reflector that combines both search and height-finding functions (A), 
multiple focal length lens can be used by two or more radars (B) and steerable mount for large parabolas gives con-
tinuous rotation through any point (C) 

modern 

FIG. 6—Wide-band electronic scanning system uses trip-
let of wide-band feed elements at focal point of parabola 

ANTENNAS 

EFFECTIVENESS of much microwave equipment is directly 
dependent on antenna design in that almost all microwave 
systems rely on the propagation and reception of electro-
magnetic energy. With the increased versatility and im-
proved performance of microwave systems, there has 
been a comparable evolution in antenna design. 
Microwave transmitting antennas convert energy from 

a transmission line into a free-space wave with a beam 
pattern suitable for the system in which it will be used. 
Receiving antennas reverse the process. Radiation and 
transmission-line theory is the basis for many antenna 
designs, but optical principles are also used for designing 
such devices as lenses and reflectors. 

BEAM PATTERNS—Individual antenna beam patterns 
are designed for a specific purpose. The toroidal or azi-
muth omnidirectional beam is often used in beacon trans-
mitters or communication systems, or for identifying and 
receiving intelligence. The radiation pattern is substan-
tially uniform in all directions in the azimuth plane, 
although elevation beamwidth can be controlled for 
specific applications. 

The pencil beam illuminates a small area and à corn-
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FIG. 7—New look in antennas includes Archimedian spirals (A), cosecant omnidirectional (B), auger broadband (C), 
S-shaped horns (D), omnidirectional with splash plate (E) and horizontally-polarized beacon antenna (F) 

With the demand for broadband and multipurpose antennas increasing, some antennas 

have an out-of-this-world look. Many companies are developing frequency-scanning sys-

tem, while others are concentrating on high-gain arrays for particular frequencies 

monly used in radar and point-to-point communications 
systems. For radar, the pencil beam can scan a variety of 
patterns including conical, raster, spiral or more complex 
forms. Azimuth search systems often use the fan-shaped 
beam to locate ships, aircraft, storms or landmarks. 

Other beams are tailored to specific requirements. A 
beam may be shaped to cover a large area to maintain a 
level of reflected energy independent of range. 
A stacked beam may incorporate one or more of the 

beam types described. Orientation, phase and amplitude 
of individual beams determine the configuration of the 
composite stacked beam. If each beam is connected to a 
receiver, relative levels of a return in each beam can 
determine height, range and azimuth. 
The V-beam consists of two fan beams and can be used 

for height finding. Multiple receivers are not required 
because height is independent of receiver signal level and 
is a function of range, angle between the two fan beams 
and time between target returns from the two fan beams. 

PARABOLIC REFLECTORS—Directing energy from a 
feedhorn against a parabolic reflector is the basic method 
of propagating a microwave pencil beam. If the parabolic 

curve is in one plane only, a fan-shaped pattern results. 
Resolution is partly dependent on both reflector size and 
shape. Size is limited in some applications, but even when 
it is not, it is difficult to maintain the true parabolic shape 
in large reflectors. Techniques have been developed that 
permit making even large parabolas to close tolerance. 
The modification in Fig. SA is a scale model of a dual 

parabola designed by Sperry Gyroscope for the Marine 
Corps TEW line (Tactical Early Warning). The final 
version will be 90-ft high. Special molding techniques are 
used to combine both search and height-finding functions 
in a single antenna. The antenna generates a V-beam 
pattern. Because the dual parabolas are polarized dielec-
tric lenses, beams of the appropriate polarization from 
two separate feeds will either reflect or pass energy. 
The Cassegranian antenna uses a feedhom that pro-

trudes slightly outward through the parabolic reflector so 
that its r-f energy is reflected from a hyperbolic reflector 
back to the parabola. Electronic components are mounted 
behind the parabolic reflector, eliminating long waveguide 
runs that can introduce differential phase shifts and losses 
that are critical in monopulse systems. 

For a chosen illumination of the secondary aperture 
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(hyperbolic reflector), greater latitude in feedhom choice 
is afforded. Magnification between image and actual feed-
horn size eliminates problems in focal-point-feed mono-
pulse systems having focal length to diameter ratios less 
than 0.5. The actual feeds are larger, well above cutoff 
size. Dielectric loading of feed apertures is not necessary, 
mutual coupling between adjacent ports of the feed is 
reduced and power handling capacity is increased. 

Because operating frequency of the parabolic antenna 
is limited by feed type, it is difficult to change frequency 
rapidly because the feed structure must be changed. For 
operation over a narrow band of frequencies, other an-
tenna types can be superior: high-gain end-fire antennas 
can be rapidly directed to a desired point, can be elec-
tronically scanned and sometimes can provide higher gain. 

MULTIPLE-PURPOSE ANTENNAS—A variety of an-
tennas with combinations of polarization isolation, fre-
quency isolation and time isolation can save weight, cost 
and space. Even array types, with their electronic and 
frequency scanning capabilities can be combined with 
other types to provide even more possibilities. 

For example, greater ranges are obtainable at lower 
frequencies, while higher frequencies provide better reso-
lution and accuracy. Instead of adding weight and bulk 
by duplicating costly radar equipment, functions can be 
combined into a single multiple-frequency unit. 
The multiple focal length radar lens in Fig. 5B was 

developed by Sperry for high-power missile-control radar. 
In addition to having track-while-scan capability, the 
antenna radiates other beams enabling two or more radars 
to be combined into a single system. 
The wide-band electronic scanning system shown in 

Fig. 6 was designed by Ramo-Wooldridge and can be 
installed in large parabolic reflectors. It consists of a 
triplet of wide-band antenna elements approximately dis-
posed about the focal point of the parabola. Scanning is 
accomplished by three-phase amplitude modulation of 
the element outputs, which can then be connected to a 
common point. Output phase is compared with modulat-
ing voltage to obtain direction. Scan rate and angle of 
the resulting conical scan are easily controllable. 

With frequency scanning, a system can provide range, 
azimuth and height information simultaneously. A line 
source feed can be scanned in elevation by changing 
transmitter frequency. Beamwidth in the elevation plane 
is formed by the primary feed, and azimuth beamwidth 
is a function of the secondary parabolic cylinder reflector 
dimensions. Azimuth beam position is controlled by 
mechanical rotation of the antenna. 
Beam scanning occurs because the relative phase of 

each radiation element is varied by changing frequency. 
At each frequency, differential phase between elements is 
constant. Scanning can be accomplished at a fixed 
frequency by independently controlling phase of each 
radiating element in the array either electrically or 
mechanically, but ferrite phase shifters are getting con-
siderable attention. By combining slot radiator char-
acteristics with the field displacement caused by a mag-
netically biased ferrite iris, continuous and independent 
control of amplitude and phase is achieved. Integration 
of the ferrite control with the radiating elements results 
in a compact, low-noise antenna. Variable beam shaping 
and inertialess scanning are made practical. 

Logical pattern synthesis for microwave antennas is 

FIG. 8—Planar log periodic antenna (A), frequency-in-
dependent conical helix (B) and end-fire antenna used to 
track Tiros satellite (C) 

reported by Hughes. Logical and switching operations 
used are like those in digital computers. The operations 
combine separate antenna patterns into a single system 
with improved characteristics. This technique provides 
a simple method of designing antennas with precise pat-
terns. A logical 5-element antenna can produce a cosec-
ant beam superior to a 13-element conventional array. 
One lobe of a multiple-lobe pattern can be logically se-
lected to permit search-while-track operation. 
Time modulated antennas are also being explored at 

Hughes. Using time as an additional parameter is effec-
tive in multiple-pattern operation, simultaneous scanning 
or side-lobe suppression. 

OTHER ANTENNA TYPES—Although some of the 
newer antenna types look unconventional, they have 
characteristics that would not otherwise be attainable. 
Amongst the Ramo-Wooldridge antennas shown in 

Fig. 7 the Archimedian spiral antennas in Fig. 7A use a 
multicavity design and wide-band balun to eliminate beam 
tilt. Frequency range of one of these antennas is 200 to 
1,200 Mc with vswr less than 3 to 1. The antennas pro-
vide circular polarization with a unidirectional 50- to 90-
degree beamwidth. There is no lobe splitting or beam 
tilt and impedance is 50 ohms. 
The cosecant omnidirectional antenna in Fig. 7B con-
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FIG. 9—Circular array (A) uses printed circuit power 
divider, radar augmentation device for drones (B) and 
flush-mounted sandwich (C) 

sists of a line source array of in-phase longitudinal shunt 
slot pairs in the broad wall of a narrowed waveguide. The 
antenna operates between 1,250 and 1,350 Mc, and 
polarization is linear. The pattern is omnidirectional in 
the E-plane within zi-.1 db and a shaped cosecant from 
+4 degrees in the H-plane. The beacon antenna in Fig. 
7F provides a horizontally polarized omnidirectional 
beam in the E-plane within -±-1 db. The beam is tilted in 
the elevation plane up to 20 degrees by a small annular 
collar placed below the slots. 
The auger antenna in Fig. 7C is a foamed-in-place 

assembly with equiangular radiating elements that 
produce omnidirectional patterns for two polarizations. 
Frequency range is 2,000 to 4,000 Mc. The S-shaped 
horn in Fig. 7D has an aperture designed for broad 
H-plane beamwidth. Polarization is linear and the pat-
tern is a fan-beam in the H-plane. The omnidirectional 
antenna in Fig. 7E incorporates a splash plate to alter 
beam pattern. Width and position of the elevation plane 
pattern of the azimuthally omnidirectional beam can be 
readily altered to suit requirements. 

Pyramidal and planar log periodic antennas are de-
veloped by American Electronics Labs. Figure 8A shows 
a typical planar log periodic antenna. They operate over 
a 20 to 1 frequency range between 50 and 1,000 Mc. 
Power gain over an isotropic source is about 6.5 for 

the planar and 9 db for the pyramidal antenna. These 
antennas can be used as the feed for a parabolic reflector. 
The conical helix in Fig. 8B is independent of fre-

quency. Lowest operating frequency is fixed by the 
physical size of the helix and highest determined by 
the coaxial feed technique. The firm is building conical 
helix antennas to operate from 50 to 11,000 Mc, achiev-
ing on some units bandwidths of 20 to 1. 
The end-fire antenna being used to monitor the Tiros I 

satellite was developed by General Bronze. Shown in 
Fig. 8C, this antenna is an extension of the cigar or 
ladder antenna and is designed to limit radiation along 
most of the length. Directivity is proportional to a 
first order to phase velocity of the confined surface 
wave. This 24-ft diameter antenna has minimum gain 
of 18 db at about 108 Mc, 23 db between 215 and 
260 Mc and better than 12 db at about 140 Mc. End-
fire arrays of this type are showing increasing promise 
in microwave applications. 
The circular array in Fig. 9A is fed by a printed-

circuit power divider. This Dalmo-Victor antenna was 
fabricated to substantiate pattern calculations for circular 
arrays yielding specified pattern variations. Intended use 
is in high-speed vehicles requiring omnidirectional cov-
erage about the roll axis. In the final design, flush 
mounting will be used. 
The Dalmo-Victor device in Fig. 9B is for radar 

augmentation in connection with target drones. Because 
of the relatively small radar cross section of most drones, 
a synthesized radar return is required comparable to a 
simulated target. Passive devices often used present little 
or no bistatic cross section. This augmenter combines 
the Luneberg lens-type reflector and the Eaton-Lipman 
lens reflector combining the largest monostatic-bistatic 
cross section for a given lens diameter. 
The flush-mounted sandwich wire antenna in Fig. 

9C is based on the work of Rotman and Karas of Air 
Force Cambridge Research Center. In the Dalmo-
Victor experimental unit, design parameters are being 
determined. Preliminary tests indicate sufficient control 
over antenna characteristics to synthesize shaped pat-
terns for ground-mapping applications. 

There is a trend toward larger antennas for space 
communications and tracking, but large antennas on 
steerable mounts introduce many problems. The cyclo-
tronic mount in Fig. 5C was developed by D. S. Kennedy 
to give continuous rotation through any point. It is 
suitable for antennas of 200-ft diameter and larger. 

If normally incident, linearly polarized electromagnetio 
radiation falls on an infinite grating of circular wires, 
the electromagnetic vector is perpendicular to the wires 
and most of the energy is transmitted. When the electric 
vector is parallel to the wires, a large part of the incident 
energy is reflected. This principle results in two ad-
vantages in microwave antenna design. 
The solid reflector surface of a microwave antenna 

can be replaced by a parallel-rodded structure set on a 
given profile. This method reduces weight and windage 
effects. It is easy to make and is polarization sensitive. 
The wire grating structure can eliminate cross-polarized 

sidelobes that occur on a shunt-inclined slotted linear 
array. A grid of vertical wires is placed in front of the 
array, which transmits horizontal polarization to reduce 
the vertically polarized component. Investigations are 
being made of this device for waveguide filters. 
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modern ves 

GENERATORS 
and 

MPLIFIERS 
Trend is towards more power, less noise 

and greater bandwidth. Parametric am-

plifiers are gaining ground, as are tunnel 

diodes. Hybrid microwave tubes may pro-

vide new approach 

CONVENTIONAL OSCILLATORS and amplifiers for micro-
wave frequencies still dominate the commercial picture, 
despite great interest in newer devices. During 1959, 
about $55 million worth of magnetrons were sold, $40 
million of klystrons, $3 million of traveling-wave tubes 
and $11 million of backward-wave oscillators. 
Emphasis in improving older devices, as well as 

developing new ones, has been on high power, broad-
band operation and low-noise performance. 

LOW-NOISE DEVICES—A number of practical con-
siderations are behind a sustained effort to develop new 
low-noise microwave oscillators and amplifiers. From 
an economic point of view, they offer increased efficiency. 
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In commercial communications systems, repeaters could 
be spaced farther apart and communications links could 
operate over greater distances. In the military area, 
they can increase operating range of some types of radar 
and greater reliance could be placed on vital communi-
cations systems. In addition, low-noise amplifiers could 
significantly improve the communications capabilities of 
some planned satellites. 

Parametric amplifiers do not offer as good noise per-
formance as the maser, but they are superior to vacuum-
tube amplifiers. They also do not require a magnetic 
field or refrigeration, although refrigeration does improve 
noise performance. 

Parametric amplifiers require a variable reactance, 
and variable inductance in the form of thin magnetic 
films has been used. However, variable capacitance is 
more common, with two modes of operation possible— 
the negative-resistance mode and the up-converter am-
plifier. Both use a variable-capacitance diode as the 
active element and a high-frequency pump signal as 
the principal source of energy.' 
The up-converter amplifier offers high stability, but 

for reasonable gain requires a pump frequency many 
times signal frequency, which has limited use to uhf 
frequencies. Also signal frequency is usually shifted in 
the up-converter. Pump-to-signal frequency ratio for the 
negative-resistance type is nominally 2 to 1. Output can 
be at either the original frequency or the lower sideband. 
The Manley-Rowe theorem suggests a hybrid of the 

two parametric amplifiers. Like the negative-resistance 
type, it would use the lower sideband. In common with 
the up-converter, pump frequency is many times signal 
frequency. The lower sideband, which is much higher 
in frequency than the input signal, is the useful output. 
The amplifier offers higher gain and better stability than 
the negative-resistance amplifier. Bell Labs and ITT 
have made uhf amplifiers of this type. 

Electron beam parametric amplification is also possible, 
since a traveling electric field can parametrically amplify 
transverse or longitudinal waves or electrons in a beam.° 

This type of amplification is available for fast-wave 
beams as well as slow-wave beams, and is important for 
low-noise amplification. Traveling-wave tubes and kly-
strons amplify by interaction with a slow-wave beam. 
Special steps are required to lower equivalent tem-
perature of the beam to limit noise, but these steps are 
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FIG. 10—Excess noise temperature and frequency are shown at (A) for low-noise parametric amplifiers; gain is 
plotted in (B) for 0.1 db increase in pump power; and gain is compared in (C) for varying pump power in different 
types of parametric amplifiers 
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more difficult for slow than for fast-wave beams. Theo-
retically noise can be completely removed or cancelled 
for fast waves. An experimental fast-wave cyclotron 
achieved a beam temperature below 25 K. 

In operation, fast-wave components of beam noise 
are removed and a fast-wave component corresponding 
to the input signal modulates the beam. The tube is 
like a traveling-wave diode amplifier, with relatively 
wide-band operation and gain that depends on pump 
power. 

Noise measured as excess noise temperature for both 
diode and electron-beam parametric amplifiers is shown 
in Fig. 10A. Each dot represents a reported measure-
ment for a single-channel amplifier and each circle for a 
double-channel amplifier. Lowest noise performance 
attained was by a refrigerated diode amplifier built at 
Bell Labs. Lowest noise temperature for an unrefrig-
erated amplifier was 43 K for an electron-beam amplifier 
built at Zenith. 

CAVITY-DIODE AMPLIFIER—The cavity-type diode 
amplifier is rugged and inexpensive, and it requires little 
pump power. However, slight changes in pump power 
cause drastic changes in gain, as shown in Fig. 10B. 
With an initial gain of 25 db, if pump power is increased 
0.1 db, gain increases almost 6 db. The corresponding 
increase in gain with either an electron-beam or traveling-
wave parametric amplifier is less than 0.5 db. 
The cavity-type amplifier is completely reciprocal and 

for best performance requires a circulator. The traveling-
wave parametric amplifier can be designed to be non-
reciprocal. Theoretically it is capable of short-circuit 
stability, but in practice reflections in the transmission 
line make this and other theoretical capabilities difficult 
to attain. 
The electron-beam amplifier is nonreciprocal. An out-

put signal will not be carried by the beam and appear 
at the input terminal. The amplifier has, effectively, a 
built-in circulator and is always short-circuit stable. 

Cavity-type parametric amplifiers are narrow-band 
devices, although increased bandwidth is possible. Pre-
liminary experiments at Bell Labs indicate that a 40 
percent bandwidth at 500 Mc is not unreasonable. 
Normally bandwidth is a function of gain, as shown in 
Fig. 10C. 

Although an electron-beam parametric amplifier oper-
ating at 4,000 Mc has been built, it is doubtful that 
upper frequency can be greatly extended. As indicated 
in Fig. 10A, X-band diode amplifiers have been built 
and give good low-noise performance. 

HARMONIC GENERATORS—High frequencies can be 
obtained from a low-frequency oscillator using harmonic 
generators. One commercial unit has two waveguides 
coupled to each other by a probe structure terminated 
in the crystal mount. The input waveguide receives the 
exciting frequency, which is coupled to the crystal to 
cause harmonic generation. The harmonic frequency 
then propagates through the output waveguide. Lower 
order harmonics, usually second and third, are used since 
harmonic power decreases rapidly as order of harmonic 
increases. 

Diffused p-n junction silicon diodes are efficient har-
monic generators.' In a test setup, attenuators were 

FIG. 11—Carcinotron at top delivers 2 w at 4 mm, while 
that directly above provides 20 w at 8 mm 
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incorporated in a broadband circuit to provide resistive 
terminations. Efficiencies were measured, and conversion 
loss of the second harmonic of 400 Mc was 11 db 
and the third harmonic of 300 Mc was 19.7 db. 
With tuning elements replacing the pads or resonant 

cavities and tuned to the desired harmonic frequency, 
conversion loss for the third harmonic of 320 Mc was 
only 4 db. Unusually high harmonic yields were obtained 
in some experiments. Outputs exceeded those to be 
expected from an ideal nonlinear capacitor in broad-
band operation or from a tuned nonlinear resistor. 

TUNNEL DIODE AMPLIFIER—A broad-band, travel-
ing-wave, tunnel-diode microwave amplifier has been 
developed at Bell Telephone Laboratories. It uses the 
negative resistance of the tunnel diode combined with 
nonreciprocal ferrite attenuation to achieve high ampli-
fication without oscillation. 
The traveling-wave concept is used with a row of 

tunnel diodes along the center of a strip waveguide. 
Diode negative resistance increases signal power progres-
sively as it travels along the waveguide. Ferrites absorb 
reverse waves. 
Many applications of tunnel diodes become possible 

by eliminating one major difficulty in using them in 
amplifiers. Although the present amplifier operates at 
about 1,000 Mc, future models may operate above 3,000 
Mc and still use germanium diodes. Much higher fre-
quencies, possibly millimeter waves, should be possible 
with indium antimonide diodes, which have been made 
by R. L. Batdorf at Bell Laboratories. 

HYBRID TUBES—Hybrids of microwave beam tubes 
are now under development. They combine the best 
features of multicavity klystrons and helix traveling-wave 
tubes, according to W. A. Edson, manager, klystron sub-
section, General Electric microwave laboratory. 

Results may be a microwave tube of high stability 
and efficiency, coupled with substantial frequency range 
and power. Among possible interaction principles, one 
method uses an electron beam in a smooth-walled wave-
guide, such as a circular metal tube. Propagation is 
characterized by a wave of higher phase velocity than 
the speed of light. This wave interacts with an electron 
beam having much lower velocity if the beam is periodi-
cally perturbed in velocity by a magnetic field or other 
means. Many useful devices are expected from this 
interaction principle, especially for extremely high peak 
and average power. 

Other promising structures use electron streams in 
parallel, such as the traveling-wave klystron, the multi-
stream, multihelix twt, and the hollow-stream twt's 
and klystrons. Edson also forecasts a ten-fold increase 
in average power output of octave-wide twt amplifiers and 
peak power of octave-wide pulsed twts. Parallel circuit 
devices, hollow-stream devices and fast-wave interaction 
may greatly increase power output from c-w single-beam 
klystrons and narrow-beam twt's. 

Until about three years ago, minimum noise figure 
of a traveling-wave tube was about 6 db but is now 
1 to 2 db. The current trend in traveling-wave tubes 
is toward lower broadband noise figure, periodic perma-
nent-magnet tubes and relatively high-power (about 0.5 
w) low-noise tubes. Such tubes could be used to feed 
transmission lines and for preamplification at antennas. 

Increasing dynamic range of a traveling-wave tube is 
also under consideration. Lowering noise figures extends 
dynamic range slightly. A better approach may be to 
increase saturation level of a low-noise twt using external 
circuits (video delay lines and helix adding circuits). 
Power output of twt's has risen in recent years from 

a few watts to about 30 Kw. The heavy, power-consum-
ing electromagnet has been removed, size and weight 
reduced, and ruggedness improved. 

KLYSTRONS—Rather than magnetron oscillators, 
klystron amplifiers are providing higher microwave trans-
mitter power. Litton Industries recently delivered an 
L-band klystron rated at 30 Mw peak and 100 Kw 
average power to Lincoln Laboratories for further evalua-
tion. Varian Associates is making a c-w klystron to 
deliver 20 Kw at 8,000 to 10,000 Mc and a pulsed 
klystron to deliver 25 Mw peak and 25 Kw average 
power at 2,700 to 2,900 Mc. 
A klystron developed by General Electric provides 

15 Mw peak and 22.5 Kw average power in the L-p,and 
for pulsed radar systems. Developmental work to increase 
operating bandwidth and power is continuing. 
Some millimeter generators and amplifiers are appear-

ing. The French C.G.F. device in Fig. 11 is an 0-type 
carcinotron that delivers up to 2 w at 4 mm. The N-type 
carcinotron in Fig 11 delivers up to 20 w at 8 mm. 
Magnetrons developed by Sylvania operate up to 

35,000 Mc providing 100 w peak power output,, and 
backward-wave oscillators operate up to 75,000 Mc with 
3 mw output. The permanent-magnet focused oscillators 
can be used for both c-w and pulsed operation. 
The Soviet Union is reported to have developed 

several microwave generating devices.» Spiratrons have 
been made that operate from 100 to 10,000 Mc, with 
a typical one operating between 1,450 and 3,500 Mc 
with a gain variation of 4 db. Tails of the gain curves 
extend up to 5,000 Mc and down to 1,000 Mc. Average 
power is 300 mw. Another tube, operating from 1,400 
to 2,900 Mc, provides 2 to 3 watts peak, and with an 
improved collector design, achieves 10 w peak. These 
tubes use coupled helix attenuators in which the lossy 
element is a tungsten smear on a glass rod outside 
the coupling helix. The 10-watt tube is said to achieve 
25-percent efficiency. 

In forming cathodes for these tubes, an aluminum 
cylinder is machined to the proper shape, and then 
nickel is deposited on it electrolytically. The aluminum 
is etched out to form the cathode surface. 

Backward-wave oscillators have been reported that 
operate from 1,000 to 4,500 Mc. An electronic tuning 
range of 30 to 50 percent is available by voltage adjust-
ments. 

Other Soviet microwave research includes backward-
wave oscillators using bifilar helices. One uses a 6,000-
Mc backward-wave oscillator helix and a backward-wave 
amplifier helix at 2,900 Mc coupled along a single 
electron beam. About 13 db gain is obtained from 
the backward-wave amplifier and 5 db more with the 
backward-wave oscillator. 

In parametric beam amplifier experiments by the 
Russians, a 2,500-Mc backward-wave oscillator is fol-
lowed by a 4,500-Mc pumping helix and then a 2,500-Mc 
amplifier helix. No results have been reported as of the 
time of writing. 

4 
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COMPONENTS 

Refinements in ferrites and semiconduc-

tors have helped development of isolators, 

circulators and high-speed switches. Strip 

transmission-line techniques reduce phys-

ical size and line losses 

ELECTROMAGNETIC ENERGY at microwave frequencies 
must be controlled in a variety of ways in addition to its 
generation and amplification. Improvements are being 
made in the transmission lines that confine this energy and 
in the devices and materials that act on it in particular 
applications. Ferrites and semiconductors are two of the 
more important control materials available. 

Ferrites are crystalline materials formed of iron oxide 
and one or more other oxides. By varying ingredients and 
processes, a wide variety of characteristics can be 
obtained. Electromagnetic fields can exist throughout 
them and can be propagated through them except under 
certain controllable conditions. Permeability can be con-
trolled with an external field. Therefore, without moving 
parts, it is possible to control phase shift, polarization, 
attenuation and many other affects. 

ISOLATORS—Several devices exist that permit micro-
wave energy to be propagated in one direction but not in 
the opposite &rection. The Faraday rotation isolator re-
lies on the characteristics of ferrites. 

Radio-frequency permeability varies with intensity of 
magnetic field for two senses of circular polarization. At 
zero applied field, permeabilities for the two senses are 
equal. As field intensity increases, permeability for the 
negative wave increases, but permeability of the positive 
wave decreases. Exploiting the difference in velocities of 
the two circularly polarized waves in this unsaturated re-
gion permits design of an isolator based on Faraday ro-

FIG. 12—Delay (top) uses low-loss ceramic as dielectric; 
strip device (center) combines four directional couplers, 
three injection filters, one power splitter and two fre-
quency-dividing networks; strip band-pass filter (bottom) 
is analogous to resonant waveguide cavities 

tation in a circular waveguide. Using ferrites to achieve 
Faraday rotation in circular waveguide is the basis of 
many other microwave components, such as circulators, 
switches, amplitude modulators and phase shifters. 
As the ferrite becomes saturated, permeability for the 

negative sense changes little, but permeability for the 
positive sense reaches ferromagnetic resonance when field 
intensity reaches a critical value. At resonance, the loss 
characteristic can be used to design resonant isolators, 
usually in rectangular waveguides. 
The region between the unsaturated state and resonance 
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FIG. 13—Solid-state switch commutator (above), waveguide switch (above) has 0.5-db insertion loss, 

can be used for field displacement and differential phase-
shifting devices like circulators and duplexer-detectors. 
The ferrite isolator is designed so that 90 percent of 

the energy passes in one direction but almost none in 
the opposite direction. To achieve isolation, the TE,. 
mode of rectangular waveguide is converted to the l'F, 
mode of circular waveguide. A resistance card is in-
serted perpendicular to the E field but does not affect 
it. The ferrite rotates the plane of polarization 45 de-
grees. Another transition converts the circular wave-
guide back to rectangular guide. Another resistance card 
is oriented perpendicular to the E field so that it does not 
attenuate it. However, in the reverse direction, the ferrite 
rotates the field 45 degrees, so that it is absorbed by the 
resistance card at the input end. 
The Faraday rotation isolator can be made much 

smaller and lighter than other isolators. However, because 
power is absorbed by the resistance cards, average power 
is limited to about 5 watts. Also output polarization is 
elliptical rather than linear becauses of losses in the fer-
rite. Thus maximum isolation is limited to about 30 db. 

LOADED WAVEGUIDE—Ferrite-loaded rectangular 
waveguide with transverse magnetic field can also provide 
the nonreciprocal propagation required for an isolator. 
The H loops in rectangular waveguide lie in planes 
parallel to the broad face. The longitudinal and trans-
verse H components are in phase quadrature, with ampli-
tude variations across the guide. There are two planes 
equidistant from the center line and parallel to the narrow 
faces in which amplitudes of the two H components are 
equal. Since these components are in phase quadrature, 
total H field is circularly polarized in a plane parallel to 
the broad faces at every point in the two planes. 

Because the longitudinal H component has odd sym-
metry about the center line, the circularly polarized fields 
rotate in opposite directions in each of the two planes 
parallel to the narrow faces. A ferrite in this plane with an 
applied transverse magnetic field is nonreciprocal. With 
sufficiently large magnetic fields, there is a large difference 
in attenuation of waves propagated in opposite directions. 
A dielectric slab in the waveguide concentrates most 

r-f energy to keep the point of circular polarization at or 
near the ferrite for a broad band of frequencies. With-
out the dielectric, the circularly polarized point moves 
with frequency and limits bandwidth. Power is limited to 
about 250 watts average because absorbed power appears 
as heat in the ferrite. Only three units are required to 
cover the frequency band from 3,950 to 12,400 Mc. 

A C-band isolator has been designed by the microwave 
applications laboratory of Motorola's communications 
division. Isolation between magnetron and r-f energy re-
flected from line mismatches is at least 40 db. Maximum 
insertion loss is 1 db from 6,575 to 6,875 Mc. The iso-
lator operates in ambient temperatures of 130 to 160 F. 

Coaxial isolators require that the TEM mode be dis-
torted because it has no region where a circularly polar-
ized magnetic field exists. Circular polarization is formed 
by inserting a dielectric asymmetrically in the guide. Co-
axial isolators covering about an octave of bandwidth 
are used in broadband radars and countermeasures equip-
ment. They operate up to about 11,000 Mc. Isolation is 
10 to 20 db and insertion loss less than 1 db. 

CIRCULATORS—Ferrite circulators are multiport de-
vices that permit microwave energy to enter one port, 
pass through another port, but not to pass through the 
remaining ports. This switching function was formerly 
performed by gas switching tubes in earlier radars. Fer-
rite circulators have long life, fast switching speeds and 
fast recovery times. They also operate over a relatively 
broad band of frequencies. 

In a four-port Faraday-rotation circulator, input into 
the first port may be rotated 45 degrees by a ferrite sec-
tion so that it is directed out of the second port. Energy 
into the second port is directed out of the third, the third - 
out of the fourth, and the fourth out of the first. A trans-
mitter could be connected through an isolator to the 
first port, an antenna to the second, a parametric first 
stage amplifier for a receiver to the third, and a receiver 
to the fourth. Thus the same antenna can be used for 
transmitting and receiving. 

Differential phase-shift circulators operate by virtue of 
the nonreciprocal phase-shift properties of ferrites. Trans-
mitter power entering a folded magic-T is divided into two 
paths in identical phase. As the signals pass through the 
magnetized ferrite, phase of one signal is advanced 90 
degrees while that of the other is unchanged. The signals 
can be combined additively in the antenna arm of a 
3-db hybrid coupler, while they are cancelled in the 
load arm. Signals received by an antenna in such a system 
are divided in the hybrid coupler. Again one signal is 
advanced 90 degrees in phase while the phase of the 
other is unchanged. In passing through the ferrite, the 
first signal is advanced another 90 degrees in phase and 
the second is again not affected. The signals are added 
in the receiver arm but cancelled in the transmitter arm. 
The bandpass of differential phase-shift circulators is 
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much greater than that of the Faraday-rotation type being 
limited only by the hybrid coupler. As much as 30-db 
isolation can be realized over a 12-percent frequency 
range. Because the ferrites are bonded to the waveguide 
walls, which are excellent heat sinks, they can handle 
as much as 1,800 watts average power. 
The basic circulator can not be used in some applica-

tions without protecting the receiver from leakage from 
the transmitter arm and from power reflected from the 
antenna during transmission. With antenna vswr of 
1.2, isolation between transmitter and receiver is 20 db. 
Because antenna reflections in high-power systems could 
cause receiver crystal burn-out, a t-r tube, ferrite switch 
or ferrite limiter may be required. 

Ferrite circulators can be used for duplexing two 
transmitters with the same antenna. The signal from the 
first transmitter leaves the antenna port in the usual man-
ner. Signals from the second transmitter pass into the 
port of the first transmitter. They are reflected by the first 
transmitter, which operates at a different frequency, and 
are then passed to the antenna. 
A transmitter and receiver can be connected to either 

of two antennas by reversing current in the ferrite mag-
netizing coil. Circulators can also separate input and out-
put signals of one-port parametric amplifiers. 

OTHER FERRITE DEVICES—The Faraday rotation 
effect of ferrite can be used to make fast-acting micro-
wave broadband switches. Motorola is developing such 
a ferrite switch for X band. It operates over a 20-percent 
bandwidth with rise time of about 0.5 µsec. 

Amplitude modulation of microwaves can be accom-
plished with a device based on Faraday rotation. Alter-
nating current applied to the magnetizing coil varies the 
magnetic field, modulating the microwaves in amplitude. 

At modulating frequencies above a few cycles per sec-
ond, metal waveguides in modulators or switches act as 
a shorted turn inside the coil, attenuating the magnetic 
field. This problem can be overcome by slotting the cir-
cular waveguide for operating at low modulating fre-
quencies. For high modulating frequencies, thin-walled 
waveguide can be used. 
The ferrite duplexer-detector permits simultaneous 

transmission and reception and also detects the received 
signal. A Motorola device has 250-Mc bandwidth with 
receiver isolation of 30 db. Insertion loss in transmit di-
rection is 1 db and in receive direction is less than 2 db. 

SEMICONDUCTOR R-F SWITCHES—With the ad-

vent of microwave computers and the increase in prf of 
some radar equipment, much research is underway on 
fast microwave switches. 
One researcher" reports on an n-type point contact ger-

manium diode that has been used to switch X-band fre-
quencies. By placing the diode across the center of a 
waveguide and impressing a reverse or forward biasing 
voltage across it, the diode will either reflect or pass 
microwave energy. In the reverse-biased mode the ratio 
of reflected to incident power defines isolation. The same 
ratio with the diode forward-biased defines insertion loss. 
Isolation of 25 to 35 db with constant insertion losses of 1 
db has been reported over a 1,000-Mc bandwidth at I 
mw incident power. 

Experiments with a commercially available microwave 
diode indicated rapid deterioration of isolation occurred 
for incident microwave peak powers greater than 5 mw. 
However, ambient heating from 20 to 150 C affected 
insertion loss little, with only slight deterioration of isola-
tion. It has been shown that decreasing the donor density 
of germanium allows switching up to 1 watt peak. 
The pulse time constants of the diode switch were 

found to be a function of germanium donor density and 
to be from 3 to 19 nanoseconds. 

Fabrication efforts in high-power switches have pro-
vided a more rugged switch, hut they cannot yet be mass 
produced with 1-db insertion loss. Despite intensive 
efforts to analyze the diodes, they seem to defy accepted 
laws of transistor physics. If point-contact junctions of 
germanium and silicon are made in identical cartridges in 
which the equivalent circuit is known for X-band and 
junction impedances are measured at X-band while vary-
ing diode bias, the intrinsic impedances of the two junc-
tions are different. Neither seems to behave above 10 
Mc according to high-frequency semiconductor theory. 

In the design of semiconductor microwave devices in 
the past, the empirical approach, in the absence of theory, 
has proved fruitful. Thus, the empirical approach has 
been used to provide a test that may allow diode switches 
to be mass produced with 1-db insertion loss. A relation-
ship between microwave attenuation and 10-Mc small-
signal junction resistance has been determined and has 
been supported by temperature and pulsing measure-
ments. This relationship, at the same time, provides an 
understanding of the heating and reverse pulsing effects. 
It predicts switching times of 0.2 to 0.3 nanosec. 
American Electronics Laboratories has developed a 

line of semiconductor coaxial switches that can switch 
frequencies between 40 and 12,000 Mc at speeds exceed-
ing 1 nanosecond. The individual switches can he used 
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as spst switches or as r-f modulators. The unit can also 
be used as an r-f chopper for c-w detection. 
A number of these solid-state switches can be combined 

to form an assembly like that shown in Fig. 13. Design 
work is currently being done on combining a number of 
multiple throw switches to produce a solid-state fast 
switching commutator for a Wullenweber antenna array. 

High-power versions are being made with switches 
that operate between d-c and 400 Mc and switch 500 
watts peak power. Units operating between 400 and 
4,000 Mc are capable of switching 10 watts peak power. 
Because these switches use solid-state diodes, switching 
speeds are limited only by diode recovery time. Present 
units will switch in less than 10 nanoseconds. 
AEL is also engaged in developing waveguide switches 

for use from 8,000 to 18,000 Mc and with design goals 
of 20-db isolation or better. Present units switch in less 
than 10 nanoseconds. 

Development work is also being carried out on units 
similar to the spst switch to produce phase shifters. The 
basic principle involved is again the change of diode 
impedance with bias current or voltage. The phase 
shifters are inherently broadband devices. 
By using the elements of a spdt switch with one circuit 

connected to a 50-ohm dummy load, an attenuator with 
relatively good vswr can be achieved. This unit atten-
uates r-f power to the load continuously instead of in 
discrete steps and keeps the vswr low by feeding properly 
controlled power to the dummy load. The spst switch 
can be used as a voltage-variable solid-state attenuator. 
However vswr becomes high at high attenuation since 
attenuation is achieved through reflection not absorption. 
The present unit requires 20 mw of driving power into 
each arm. Bands of greater than 2 to 1 are practical. 
The spst waveguide switch in Fig. 13 was developed 

by Sylvania. Typically, the switch has 0.3 to 0.5 db 
insertion loss with 30 to 40 db isolation when operating 
in reversal periods of 5 to 20 nanoseconds over 10 to 20 
percent frequency bands. For 2 to 1 frequency bands, 
insertion loss is 1 to 2 db with 25 to 35 db isolation. A 
2 to 1 bandwidth slab line switch is shown in Fig. 13. 
A microwave gas switch recently developed by Sylvania 

has no spike leakage and less flat leakage than a conven-
tional t-r tube. Leakage is eliminated by prefiring the de-
vice. A developmental unit performs well at 100 C. 

MULTICHANNEL FILTER—The frequency-analyzing 
filter in Fig. 13 is a ten-channel unit made by Sylvania. 
Each channel is a five-pole bandpass filter aligned for a 

1.5 db Tchebyscheff response. Adjacent channels are 
reactively coupled to separate input manifolds (feedlines) 
and minimize adjacent channel interaction. Two mani-
folds are combined in the 3-db directional coupler. The 
cavities used are the open-circuited quarter-wave coaxial 
type. The manifolds are of slab line construction. 

DELAY DEVICE—A typical wideband, low-loss minia-
turized delay device, manufactured by Ramo-Wooldridge 
is shown in Fig. 12. The high dielectric constant, low-
loss ceramic material employed as the dielectric medium 
is formed into a helical configuration to obtain maximum 
dielectric path length for a given overall package size. 
The propagation mode in the dielectric medium is TEM 
for the two-conductor transmission lines (parallel plates) 
in the S-band. This line provides a time delay of 0.1 

psec for signals from 2,200 to 4,200 Mc. A replacement 
for over 100 ft of conventional coaxial cable is provided 
in a package of about 25 ounces. 

For higher frequency operation, specifically the C and 
X bands, the same high-dielectric constant material is 
used with a rectangular cross section. It is silver plated 
on all four sides for operation as a waveguide propagating 
in the TE» mode. 

STRIP TECHNIQUES—Several companies are making 
studies of stripline techniques for microwave com-
ponents. Strip transmission-line assemblies provide the 
desired circuit functions with considerable reduction in 
space, weight and complexity, as compared with con-
ventional waveguide assemblies. The Ramo-Wooldridge 
stripline unit in Fig. 12 is ready for final assembly. 
It combines four directional couplers, three injection 
filters, one power splitter and two frequency-dividing net-
works. Basically, each assembly uses two metal ground 
planes with the conductor midway between the planes. 

Functionally similar to coaxial line, stripline operates 
in the TEM mode and its characteristic impedance can 
be calculated using a parallel-plate capacitance formula 
modified to account for fringing capacitance. 

Another Ramo-Wooldridge development resulting from 
the study of strip transmission-line techniques is the 
design of equivalent filter circuits, one of which is shown 
in Fig. 12. In this example, resonant sections of bar 
line are used to make bandpass filter. Such sections are 
analogous to resonant waveguide cavities at microwave 
frequencies or tank circuits at lower frequencies. The 
frequency response characteristic is a function of the 
length of the bars and their spacing. 

TRANSMISSION LINES—With increased interest in 
wide-band microwave devices, transmission line com-
ponents have been required to keep up with the potential 
needs of wide-band equipment. 

Double and single ridge waveguides are in common 
usage. Circular waveguides have recently been standard-
ized for both TE ii and TE., operating modes. 

Strip transmission lines have been undergoing further 
development. Strip transmission line applications have 
been limited to those applications where space con-
siderations are paramount and slight performance deg-
radation can be allowed. For the bulk of high-perform-
ance microwave systems, the use of striplines is limited. 

Surface wave transmission lines, hybrid EH modes in 
dielectric rods for the millimeter region, image lines, 
etc., all foretell of possible low-loss transmission line 
structures for the high-frequency frontiers. 

Flexible waveguides can be considered essentially 
equivalent to rigid waveguides. New manufacturing tech-
niques provide for seamless construction, good repeated 
flex life and high-temperature construction techniques. 
All-aluminum flexible waveguides are under development 
using silicon rubber jacketing to meet continuous operat-
ing conditions at 500 F. 

Circular guides are being used more often, especially 
where very long runs are involved. A typical circular 
guide using corrugated construction and designed for use 
in a fundamental circular electric TE ii wave has demon-
strated attenuation as low as 0.006 db per foot at X-band, 
thus making runs of 1,000 ft practical. 
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Microwave wattmeter (Weston) measures power in 
microwatt range 

Direct digital readout fre-
quency meter (Narda) 

modern ves 

Signal generator (Polarad) is continuously tunable 
from 4,200 to 11,000 Mc 

TEST EQUIPMENT 

Accurate measuring instruments are required to design high-

efficiency microwave systems and maintain maximum per-

formance. A great variety of test equipment is available to 

provide the necessary quantitative data—such a variety, in 

fact, that only a few typical items can be covered here 

Frequency doubler (Hewlett-Packard) covers 26,500 
to 40,000 Mc with 1 mw output 

Meter operates from 90 to 500 pps to determine noise 
figure of radar receiver 

PROGRESS in the microwave industry depends to a large 
extent on the ability of microwave engineers to ac-
curately measure the parameters of the equipment under-
going design and development. 

As the trend in modern microwaves is towards higher 
power and broader bandwidth, test equipment must follow 
suit. Accuracy and repeatability are of prime importance. 

Due to the great variety of test equipment available for 
use by the microwave engineer, only a few typical ex-
amples are illustrated. 

On the next page is a partial listing of micro-
wave test equipment manufacturers compiled from 
ELECTRONICS Buyers' Guide. For further information 
about these companies, consult the Buyers' Guide. 
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Transistorized power meter (FXR) for 30 gm, to 3 mile has 
thermistor temperature compensation 
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features: 
High Q • Low Attenuation 
Low Dielectric Constant 

Extreme Dimensional Stability 
Close Tolerances 

Copper Clad REXOLITE is one c 
a family of microwave dielectric 

materials emanating from 
the research laboratories of 
American Enka Corporation. 

for complete information write to 

WILLIAM BRAND-REX 
DIVISION 

AMERICAN ENKA CORPORATICTI, 

31 Sudbury Road • Concord. Massachi 



New 

Tab-Indicator 

Toggle 

Switch 

"410" SERIES TOGGLE SWITCHES 

Five models available, in-
cluding 2-position and 3-
position types. All are rated 
at 5 amperes, 250 vac. 

The new "400" Series Toggle Switch from MICRO SWITCH has a paddle-shaped 

tab which can be numbered or color-coded as an indicator. The standard model 
has a natural metallic finish which will maintain a fresh appearance through 
long and constant use. The anodized aluminum tab is also available in black 

or in colors. 

The basic switches used are precision snap-action, long-life units, requiring 
a minimum of space. They conform to specifications for MIL-S-6743, with 
two isolated single-pole double-throw circuits. Turret terminals make wiring 
easy, and contact enclosures are dust-tight. 

Five models are presently available in the "400" Series, including both 
momentary and maintained contact types. Write for Data Sheet No. 174 de-

scribing these new tab-indicator toggle switches. 

HONEVWELl ,MIIIPMER,NG THE ruTuRt 

88 CIRCLE 88 ON READER SERVICE CARD JUNE 24, 1960 • electronics 



H 
WCMI 

-i -ru Series "-TL" Series 

Hermetically Sealed 
Assembly 

4-Switch Assembly 

MICRO SWITCH Precision Switches 

1 T1.- Pull-to-Unlock 

''Electrical Memory' 
Assembly 

Subminiature "TM" 

2-Pole 
Sealed "TS" 

Precision Toggle Control Can Be Customized 

MICRO SWITCH manufactures hundreds of different toggle 
switches and toggle switch assemblies. In this complete line 
you can find the exact characteristics and contact arrange-
ments you need. 

"TL" Series Silicone sealer between cover and case seals 
against dust or moisture. These switches are approved under 
MIL-S-3950A, operate in a temperature range of —85°F to 
+250°F. Available in 1, 2 and 4-pole models with integral 
terminals. 

"TS" Series The toggle lever is sealed against dust and mois-
ture. "TS" toggles meet specifications for MIL-S-3950A. 
Special plastic barrier plus extra distance between terminals. 

A keyed bushing prevents rotation. Wide choice of contact 
arrangements includes 1, 2, 3 and 4-pole types. 

Subminiature "TM" Weighs only 41/2  grams, measures 
only " x 1/2 " at the base. Double-pole double-throw with 
wide temperature range and low circuit resistance. 

"AT" Series Toggle Assemblies MICRO SWITCH offers tog-
gle switch assemblies of up to 16 basic switches. Hermetically 
sealed types are also available. 

There is a MICRO SWITCH branch office near you and 
prompt engineering help on the selection of toggle switches 
is available by simply checking the Yellow Pages. Be sure you 
get MICRO SWITCH precision and reliability. 

WRITE FOR NEWLY REVISED CATALOG 73 ON TOGGLE SWITCHES 

MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 

In Canada: Honeywell Controls Limited, Toronto 17, Ontario 

Honeywell 
MICRO SWITCH Precision Switches 
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10,000,000 
FAILURE-FREE 
STACK-HOURS! 
RELIABILITY PROVEN BY 14,000 KW IN FIELD APPLICATIONS 

WESTINGHOUSE SILICON HIGH-
VOLTAGE RECTIFIER STACKS 
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Westinghouse silicon rectifier stacks offer the most reliable 
source of high-voltage rectified power available today. In 
precipitator applications alone, more than ten million stack-
hours have been achieved without a single stack failure. 
Exclusive Westinghouse design features guarantee uniform 

division of reverse voltage, provide optimum transient, 
steady state, and overload characteristics. Stacks assembled 
in compact, unitized packages take less space, require mini-. 
mum maintenance, operate in ambient temperatures as high 
as 110°C. Stacks are available in current ratings from 1.2 
Amps to 18 Amps, and in PRV ratings from 9.6 KV to 
35 KV. For extremely high voltage requirements, stacks 
may be connected in series (up to three stacks without addi-
tional capacitance compensation). 

For full information, or engineering assistance in your 
installation, contact your local Westinghouse representative, 
or write: Westinghouse Electric Corp., Semiconductor De-
partment, Youngwood, Pennsylvania. 

YOU CAN U SURE-1F rr' 'W 'estin ghouse 

MIL TYPE COMPONENTS 

Unique Westinghouse modular 
inserts feature MIL Type 
shunting resistors, capacitors, 
and mounting boards. All 
components are 100% tested 
before and after assembly. 

APPLICATIONS 

• Electrostatic precipitators 
• Radio broadcasting transmitters 
• Radar transmitters 
• Ultrasonic transducers 
0. Radar pulse forming networks 
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• -. weather 
conditioned 

microwave 
ANDREW RADOME EQUIPPED ANTENNAS DEFY ICE...SNOW...WIND 
Andrew radomes provide excellent 2-way year-round protection 
for Andrew microwave antenna systems. First, they protect feed 
and reflecting surface against the attenuating effects of snow, ice 
and debris accumulation. Secondly, for tower mounted antennas 
they reduce the effects of wind thrust by 35%. 

All Andrew radomes are lightweight and easy to install—clip 
directly to the dish rim of existing antennas. Unheated radomes 
are suitable for all but exceptional cases. In areas where freezing 
rain occurs, heated radomes can be provided. 

Dia. Type 
Feet No. 

10 R10 

8 R8 

6 R6 

4 R4 

2 R2  

*Including antenna 

Dio. Type Attenuation 
Feet No. @ 6 kmc. db 

10 HRIO 0.7 

8 HR8 0.7 

6 HR6 

4 HR4 

2 HR2 

0.7 

0.7 

0.7 

SPECIFICATIONS 

STANDARD RADOMES 
VSWR 

Contribution 
6 kmc 

Attenuation 
El' 6 kmc. db 

0.4 

0.4 

0.4 

0.4 

0.4 

0.02 

0.02 

0.02 

0.02 

0.02 

HEATED RADOMES 
VSWR Thrust at* 

Contribution 30 pst. 
(FÉ 6 kmc. (Flats), lbs. 
0.02 

0.02 

0.02 

0.02 

0.02 

1,990 

1,270 

714 

320 

75 

Thrust at* 
30 psf 

(Flats), lbs. 
1,990 

1,270 

714 

320 

75 

Power** 
Reqmts. 

3,400 watts 

2,400 watts  

1,200 watts 

550 watts 

150 watts 

*Including antenna 

**Power requirements for HRIO and HR8 are 3 wire single phase 60 cycle 
220 volts. 

Power requirements for HR6. HR4 and HR2 ore single phase 60 cycle 115 v. 

--- For further details on ANDREW Microwave Antennas, 
Radcrines, Wave Guides write for new Andrew Catalog M. 

ANTENNAS 

ANTENNA SYSTEMS 

TRANSMISSION LINES 

"We have paid particular attention to antennas 
during high wind conditions of gusts up to 40-60 
m.p.h. It is very obvious that these radomes 
quite materially reduce the wind loading on the 
parabolas—due to their shape factor." Washing-
ton State Patrol, Kennewick, Washington 

-000" 
CORPORATION 

P. 0. Box 807, Chicago 42, Illinois 
Boston • New York • Washington • Los Angeles • Toronto 

"We have had up to four inches 
of ice on the radome with prac-
tically no reduction of antenna 
effectiveness." KLIX-AM-TV, 
The KLIX Corporation, Twin 
Falls, Idaho 

"Our field forces report that the radomes pro-
duce a signal loss of less than 1 db per antenna. 
Several radomes were removed and antennas 
inspected following a heavy snow storm and no 
snow or ice was found in the antennas." Natural 
Gas Pipeline Company of America 
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Oceanography 
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FIG. 1—Underwater-camera photography system. Two buoys and two 
hydrophone receivers (only one set is shown) help find position of ship 

HYDROPHONE 
BEC 
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Scientists position underwater cameras 

and take samples of sea water and bottom sediments 

with the help of sonar in placing gear 

By HAROLD E. EDGERTON, 
Professor of Electrical Measurements. 
M. I. T.. Cambridge. Mass. 

IN SUBOCEAN photography, lowering 
the camera to a position just above 
the sea floor is a critical operation. 
Once the camera has been lowered, 
a high degree of technical pro-
ficiency and teamwork is needed to 
hold the camera at a constant dis-
tance from the bottom for several 
hours despite ship drift and roll, 
changing bottom topography and a 
host of complicating conditions. 

Deep-sea photography seems to 
have been started in 1893 by Boutan 

off the Mediterranean coast of 
France.' By 1946. scientists were 
exhibiting considerable interest in 
the ocean floor.' 

In early attempts at underwater 
photography made at shallow 
depths, cameras were lowered until 
a slackening of the camera cable 
indicated that the camera had bot-
tomed. The camera was then raised 
just above the ocean floor to make 
an exposure. One of the disadvan-
tages of this rather elementary 
technique was that the effects of 
ship drift and underwater currents 
on the cable tension made it diffi-

cult for the operator to judge the 
camera-to-bottom distance correctly. 
At greater depths, it was almost 
impossible to detect a change in 
tension because of the great weight 
of the suspended cable. 
A much more sophisticated slack-

wire technique requires positive 
contact with the bottom. Here, 
sensitive tensional changes in the 
wire lowering rope are detected by 
a specially constructed mechanical-
electrical force gage which converts 
the tensional changes into electrical 
signals.' 
One sonar-pinger system employs 
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FIG. 2—Convergence of recorder-pen tracks indicates camera's approach 
to sea bottom 

a bottoming switch suspended below 
the camera which works in conjunc-
tion with the sonar pinger to send 
sound signals to the surface.' The 
sonar which is attached to the cam-
era can be operated continuously at 
a slow pulse rate until shorted out 
by the bottoming switch. Absence 
of a ping indicates to the winch 
operator that the camera has bot-
tomed. Using this method the op-
erator has an opportunity to hear 
his subject until the ocean floor is 
reached.' In other pinger systems,' 
the bottom switch is arranged to 
speed up the ping rate when the 
bottom is touched. 
The sonar pinger equipment to 

be described is part of a complete 
battery-operated underwater photo 
system capable of withstanding the 
crushing pressure (17,000 psi) en-
countered at 37,500 ft, the greatest 
known sea depth. The complete sys-
tem includes a special pair of cam-
eras, a pulse transformer, a sonar 
transducer and driver, and an elec-
tronic flash source as shown in Fig. 
1 (see inset). Using the sonar 
pinger, the camera can be posi-
tioned at any distance from the 
bottom with a precision of approxi-
mately one meter. Physical contact 
with the bottom is eliminated. This 
is a decided advantage since camera 
bottoming may foul the lens, raise 
an impenetrable cloud of mud and 
silt, or frighten away sea creatures 
on the sea floor. Several hundred 
photographs may be taken auto-
matically over a 100-minute period 
at 12 to 15-sec intervals.' 
The pulse-sound transducer gen-

erates short bursts of high-fre-
quency energy (12 Kc) at one-

second intervals. The transmitted 
pulse or ping travels directly to 
the surface and is also reflected 
from the bottom. The reflected sig-
nal arrives at the surface sometime 
after the direct signal and the time 
difference, which is a measure of 
the camera-to-bottom distance (D), 
can be derived from D = vT/2 
where D is the camera-to-bottom 
distance (ft), y is 5,000 ft/sec (ap-
proximate velocity of sound in sea 
water), and T is the time in sec-
onds between pulses received at the 
surface. 
Any standard sonar receiver or 

cathode-ray-tube display system can 
be used to pick up and display the 
pings. For continuous indication 
and position monitoring it is ad-
vantageous to use a recorder to 
write a mark each time a direct or 
reflected signal is received. These 
marks, separated by a distance 
proportional to the difference be-
tween time of arrival of the direct 
and reflected signals, are a measure 
of the camera-to-bottom distance 
(Fig. 2). 
The sonar pinger system consists 

of a driver, a pulse transformer, 
and a transducer. The driver is 
housed in a pressure-resistant cas-
ing (as are the underwater cam-
era and light source). It is powered 
by a rechargeable silver-zinc bat-
tery capable of providing 16 hours 
of operation. A transistor power 
supply generates a high d-c voltage 
which charges a 4-µf capacitor as 
shown in Fig. 3. The contacts of 
d-c timer MOT close once each sec-
ond to fire strobotron Vi which dis-
charges this capacitor through the 
primary of pulse transformer T1. 

Transformer 2', has a 35-to-1 
turns ratio so that an 800-v input 
pulse, caused by capacitor discharge 
current through the primary, gen-
erates an 8-Ky pulse in the second-
ary. The secondary circuit includes 
a set of ADP crystals mounted in 
the transducer. The pulse trans-
former is located external to and 
some distance from both driver and 
transducer to minimize magnetic 
coupling with the casings of these 
units. The transformer is oil-im-
mersed in a thick-walled lucite tube, 
closed at each end by a rubber 
stopper. 

Crystals of the transducer are 
I housed in an oil-filled alumn um 

casing with a rubber cover. The 
secondary of the pulse transfo mer 
and the transducer crystals form a 
tuned circuit which oscillates at a 
frequency of about 6 Kc for a period 
of about i msec. The 12-Kc vibra-
tion of the crystals produces the 
sonar ping that is transmitted 
downward to the water throult the 
oil and the rubber diaphragm. The 
1-msec period provides adequate 
resolution for positioning the cam-
era within three feet of the bottom. 
Since only a small fraction of the 
energy is reflected from the bottom, 
a direct signal transmitted through 
the top of the unit would normally 
be about ten times stronger than 
the reflected signal. Hence the di-
rect signal is attenuated by a sheet 
of phenolic and a I-inch aluminum 
plate, both built into the transducer 
housing; thus both signals are re-
ceived at about the same intensity. 
Two types of systems are being 

produced; one for depths to ,,500 
ft, and the other for depths td 37,-
500 ft. Except for the casing of the 
driver unit, these two systems are 
identical. 
When the sea floor is being photo-

graphed during mapping opera-
tions, it is necessary to pinpoint 
the geographical location for each 
frame exposed by the camera de-
spite ship drift and deep water 
currents. The Woods Hole Oceano-
graphic Institution is developing 
and testing a technique for deter-
mining this information, using the 
system shown in Fig. 1. 
Anchored by taut cable to the 

ocean bottom are two accurately-
located buoys, each containing a 
sonar receiver and radio trans-
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mitter. Sonar pings arriving at the 
two submerged receivers are re-
transmitted via radio to the ship 
with essentially no delay. Thus, a 
given ping produces four signals 
at the ship. The first signal is that 
received directly through the water. 
The second is the signal reflected 
from the bottom. The third and 
fourth are those radioed from the 
nearest and farthest buoy, respec-
tively. The distance between ship 
and camera is read from a winch 
meter which indicates the amount 
of camera cable that has been payed 
out. This distance and the distance 
derived from the time difference 
between the first and third signals 
provide the camera-to-buoy distance 
of the nearest buoy; that is, from 
T = (B — A)/v, B = vT ± A, 
where A is camera-to-ship distance, 
B is camera-to-buoy distance, y is 
velocity of sound in water, and T is 
time difference between first and 
third signals. 
By simple geometry, the position 

of the camera can then be accu-
rately determined with respect to 
each of the buoys whose geograph-
ical position is already known. 
As one might expect, strong un-

derwater currents and surface 
winds can often combine causing 
the wire to loop away from the ship. 
Thus, even at a stabilized height 
from the bottom, the camera may 
not rest directly beneath the ship. 
For this reason, locating the camera 
itself is preferred to locating the 
ship. For accurate mapping it is 
always best to keep the wire angle, 
angle between the vertical and the 
suspended cable, as small as pos-
sible. This may be done by maneu-
vering the ship into the surface 
direction taken by the wire. The 
wire angle can also be reduced by 
weighting the camera heavily to 
minimize the effects of currents. 

It may often be desirable to re-
late each picture to the camera's 
position at the time of exposure. 
(Exposing 500 frames takes U 
hours, during which time consider-
able drift may take place.) The 
pinger can be interconnected with 
the camera so that one ping is 
omitted after each exposure. Thus, 
the absence of a ping from its nor-
mal position on the recorder track 
indicates a camera exposure. The 
position of the camera at the time 

of exposure can be derived from the 
ping record. Each exposure in-
cludes a view of an accurate clock 
mounted on a data board within the 
camera casing.' The clock reading 
on each frame can be easily corre-
lated with the time reference of the 
recorder marks, from which the 
position of the camera is also de-
rived. 
A Nansen bottle is an ingeni-

ously stoppered device used to ob-
tain a sample of sea water at a 
specific height from the bottom. 
Samples at different heights are 
obtained by use of a number of 
bottles secured to a single line. Po-
sitioning the bottle nearest the 
ocean floor is similar to camera 
positioning. Here, the problem is 
to suspend the lowermost bottle of 
the string just above the bottom 
without imbedding it in mud. If the 
cable does bottom there is some 
likelihood that it will coil and be-
come fouled. However, when Nan-
sen bottles are employed in a system 
which includes the sonar pinger, ac-
curate determination of the height 
of the deepest bottle off the bottom 
can be made. This ensures that the 
length of cable payed out and the 
known spacings between bottles ac-
curately fix the sampling depth of 
each bottle. 
The deepest bottle and the sonar 

pinger are both suspended at the 
end of a cable, making it a simple 
problem to lower just enough line 
to position this bottle at any dis-
tance from the bottom. When the 
underwater camera is used in this 
arrangement, not only is the in-
formation yield increased, but the 
camera acts as a stabilizing weight 
on the line. Graham reports that 
in the Red Sea in 1958 the sonar 
pinger was used to position Nansen 
bottles in hydrographic stations 

FIG. 8—Closing of 1-sec switch 
triggers V,, whose breakdown pulses 
the crystal transducer 

some exact distance from the bot-
tom. A camera and sonar were 
used in this way from the USNS 
CHAIN as a bottom weight for 
experiments conducted during the 
summer of 1959 in the Atlantic and 
Mediterranean. Some 16 camera 
lowerings were made by sonar dur-
ing the cruise. 
The sonar pinger has also been 

used by Woods Hole Oceanographic 
Institution for making detailed 
topographical surveys of the ocean 
floor. An echo sounder mounted on 
the hull of the ship has inadequate 
resolution capabilities because the 
transmitter is thousands of feet 
above the bottom. Even a narrow 
transmission beam spans a wide 
area of the bottom. By use of a 
sonar pinger suspended about 30 
feet from the bottom, the detailed 
contour of the bottom with respect 
to the pinger can be determined 
by recording the direct and bottom-
reflected pings. 
Another application of the pinger 

is in assisting the operation of a 
bottom corer, a device which takes 
samples of strata from the ocean 
floor. 
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CONVERTING OSCILLOSCOPES 

For Fast Rise Time Sampling 

This attachment for 

conventional oscilloscope 

can resolve pulse rise 

times of 1/3 nanosecond 

with repetition rates 

of up to 50 Kc 

By J. J. AMODEI*, 
Engineering Dept., 

Electronic Data Processing Div., 

Industrial Electronic Products, 

Radio Corporation of America, 

Camden. N. J. 

INCREASED EMPHASIS on high-speed 
digital equipment and the need for 
observing broad spectrum phe-
nomena have resulted in an acute 
need for improving the art of oscil-
loscopic display. In response to this 
need, several new systems have been 
developed—each with its peculiar 
advantages and disadvantages. 
One such system is the traveling-

wave tube oscilloscope which fea-
tures a deflection plate structure of 
the traveling-wave type. This de-
vice reduces the effective transient 
time of deflection by an order of 
magnitude. It also increases the de-

Now at David Sarnoff Research Center, 
RCA Laboratories Div., Princeton, N. J. 
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FIG. 1—Sampling oscilloscope attachment uses transistors operating in the 
avalanche mode and efficient pulse-shaping networks 

STRETCHER 

flection sensitivity by a similar 
amount, although signals of several 
volts amplitude are still required 
for useful observation. A different 
approach to the problem has re-
sulted in the sampling oscilloscope 
attachment described in this article. 
The sampling oscilloscope attach-

ment offers sampling techniques 
which effectively stretch the time 
scale of the signal and allow con-
ventional oscilloscope display of 
repetitive waveforms. This is 
achieved by taking samples of the 
instantaneous amplitude of the sig-
nals at different instants of time 
and reconstructing the original 
shape by peak detecting the ampli-
fied and stretched samples. This 
method offers the advantages of 
high sensitivity and relative sim-
plicity, since available oscilloscopes 
can be used as part of the system. 
The sampling attachment for 

conventional oscilloscopes permits 
resolving pulse rise times of 

nanosecond with repetition rates of 
up to 50 Kc. The sampling cir-
cuitry is completely transistorized 
and contains its own power supply. 
The delay necessary between sig-
nal and trigger is 30 nanoseconds, 
and trigger sensitivity is one volt 
at a pulse width of two naao-
seconds. The attachment has a cali-
brated time scale and usable sensi-
tivity greater than 0.03 v/cm. Fig-
ure 1 is a block diagram of the sys-
tem. 
Sampling techniques for display-

ing broad spectrum repetitive wave-
forms have been described in sev-
eral publications. One type of 
sampling oscilloscope was described 
and built by R. Sugarman'. The 
transistorized approach to the 
problem was first suggested by 
G. B. B. Chaplin, who used a tran-
sistor operated in the avalanche 
mode to obtain rise times of the 
order of one nanosecond with a 
conventional oscilloscope.' 
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FIG. 2—Attachment samples instantaneous amplitude of signals at different instants of time and reconstructs original 
shape by peak detecting the amplified and stretched samples 

Following lines suggested by 
these early techniques, work was 
started to develop a faster unit as 
part of, and for use in, the instru-
mentation work for an experi-
mental, high-speed, data processing 
system. However, it was to be use-
ful for all applications requiring the 
viewing of fast rise times. 
Performance of the sampling at-

tachment relies on the ability to 
generate accurately timed pulses of 
short duration, which are used to 
obtain almost instantaneous sam-
ples of the signal amplitude. The 
width of the sampling pulse and 
the accuracy of its timing are the 
determining factors in the resolu-
tion obtainable. Transistors oper-
ating in the avalanche mode are 
used together with efficient pulse-
shaping networks to obtain pulses 
with widths of the order of A nano-
second. The operation of the sam-
pling attachment requires that the 
waveform to be viewed be repeti-

tive and that the signal to be used 
as a trigger be synchronous with 
the input waveform. 
The trigger pulse wi.11 occur prior 

to the pulse being viewed by an 
interval of time fixed by the ex-
ternal delay lines. The trigger 
blocking oscillator produces a pulse 
which turns off diode D, (see Fig. 
2). This starts the ramp that trig-
gers the avalanche transistor, pro-
ducing a voltage step which is dif-
ferentiated and clipped to form the 
sampling pulse. The sum of the in-
stantaneous input signal ( Fig. 3A) 
and the coincident sampling pulse 
(Fig. 3B) is applied to the sampler 
diode whose clipping level is set 
slightly above that of the maximum 
input signal amplitude as shown in 
the combined waveshape of Fig. 3C. 
The output is a series of pulses, 
shown in Fig. 3D, which are ampli-
tude modulated by the input sig-
nal in a stretched time scale. 
The time shift of the sampling 

pulse relative to the input signal 
is accomplished by applying a slow 
ramp (derived from the oscillo-
scope sweep sawtooth) to the emit-
ter of the avalanche transistor. 
Thus, the firing is delayed by a 
small interval each successive time 
by the increment in voltage; that 
is, the magnitude of this interval 
is controlled by the slope of the 
slow ramp, which in turn deter-
mines the effective sampling sweep 
speed; when the sawtooth wave re-
turns to the zero level the sampling 
pulse returns to its starting posi-
tion and the process is repeated. 
The output of the sampler is am-
plified, stretched and displayed on 
the cathode-ray tube of the oscillo-
scope. 
The sampling process entails a 

time transformation which is vital 
to the operation of the system. This 
time stretching which, in a visual 
sense, is equivalent to slow-motion 
photography should be kept in 



(8) 

DIODE — 
CLIPPING 
LEVEL 

(C) 

(D) 
TIME — 

FIG. 3—Input signal (A) and sampling pulse (B) are 
summed (C) and applied to sampler diode. Sampler output 
is shown in (D) 

mind so as not to confuse real time 
and sampled time (that is, a long 
interval of real time may be used 
to display a very short portion of 
sampled waveform). 

Since the slow sawtooth wave 
that produces the progressive delay 
of the sampling pulse is derived 
from the oscilloscope sweep, the 
horizontal displacement of the spot 
on the crt and the displacement of 
the sampling pulse in reference to 
the input signal are linearly re-
lated. 

In other words, if a certain hori-
zontal distance d on the oscilloscope 
screen corresponding to a time in-
terval t is scanned by the sampling 
pulse, the following will hold true: 
t = Kd seconds, where K is a con-
stant determined by the slope of 
the fast-triggering ramp and the 
attenuation ratio of the sweep-
speed selector; that is, if d is 
measured in cm and t in nano-
seconds, K becomes the sampling 
sweep speed in nanoseconds/cm. It 
is noted that the oscilloscope sweep 
speed does not appear in the for-
mula; this setting only determines 
the number of samples taken along 
a unit distance on the screen. 
The circuits comprising the sam-

Ub.NG 2N695 

1  
3 4 5 6 7 

PULSE WIDTH IN NANOSECONDS 

FIG. .4— Trigger sensitivity curve8 for 2N695 and 2N501 
transistor 

(A) (B) 

FIG. 5—One-nanosecond pulse is shown in (A) and 3.3-
nanosecond pulse in (B). Horizontal scale is 0.5 nsec/div 
and vertical is 100 mv/div 

pling attachment are the trigger 
circuit, the delay mechanisms, the 
pulse generator, the sampling cir-
cuit, the low-frequency amplifier, 
the reset and unblanking circuits, 
and the power supply. 
The trigger circuit consists of a 

conventional blocking oscillator 
with an emitter follower isolation 
stage. The blocking oscillator pro-
duces a pulse of 15-volt amplitude 
and 0.4-microsecond duration 
(waveform 1 on Fig. 1). Poten-
tiometer R, of Fig. 2 controls the 
trigger sensitivity by varying the 
back bias on transistor Q.. Curves 
of the trigger sensitivity are shown 
in Fig. 4 for either a 2N501 or 
a 2N695 transistor in the Q, stage. 
The choice of transistor depends 
clearly on the narrowest pulse re-
quirement. 
The pulse from the blocking oscil-

lator turns off the diode, D„ which 
clamped the base of avalanche tran-
sistor Q, at a negative voltage 
selected by the variable-delay po-
tentiometer R. This initiates a 
trigger ramp (waveform 2 on Fig. 
1) as capacitor C, is charged 
through resistor R„. A very linear 
ramp (except for the first 10 nano-
seconds) will result, since only a 

small portion of the total R-C 
charge curve is used. 
The initial nonlinearity is due to 

the finite diode turn-off time and 
feedthrough of the leading edge 
from the blocking oscillator output. 
When the ramp voltage reaches the 
emitter voltage, the transistor fires. 
(This is not necessarily true in all 
transistors since the firing can oc-
cur when the base is still back-
biased with respect to the emitter. 
However, this is not important as 
long as the firing point is consist-
ent). The time that it takes the 
ramp to reach this level is deter-
mined by the R-C time constant and 
the setting of the manual-delay 
selector, R,. This potentiometer 
simply varies the d-c voltage at 
which the ramp gets started be-
tween the limits set by R. and R.. 
At the minimum setting of the 
manual selector, the total delay 
necessary between the sampled sig-
nal and trigger is set at approxi-
mately 30 nanoseconds to avoid us-
ing the nonlinear portion of the 
ramp. The emitter follower ar-
rangement of the 2N247 transistor 
is used as a d-c clamp. The emitter 
diode of the transistor has little 
effect on the fast leading edge of 
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the blocking oscillator pulse, which 
turns off the fast-switching S555G 
diode. 
The pulse generator is composed 

of the triggered avalanche tran-
sistor and the pulse shaping net-
work. The point at which the ava-
lanche step occurs is controlled by 
the triggering ramp and the delay-

. ing ramp (derived from the scope 
sweep), which is fed in at the tran-
sistor emitter. The slope of the 
emitter ramp determines the pro-
gressive delay between samples and, 
therefore, the sampling sweep 
speed. This slope is easily controlled 
by means of a voltage divider com-
posed of the emitter resistance and 
the adjustable sweep selector re-
sistance. 
Sweep speed calibration is ob-

tained by means of the 500-ohm po-
tentiometer in the emitter. In a 
typical transistor, the avalanche 
step would have an amplitude of 
35 volts and a duration of 1.5 nano-
seconds. It was found that 10 per-
cent of the commercially available 
2N440 units are suitable for this 
job and the yield was found to be 
greater in newer commercially 
available types like the GT1188 If 
optimum rise time is not required, 
a larger percentage can be used. 
The pulse shaping of this step 

is done by one stage of differentia-
tion and one stage of clipping with 
the 1N23E diode. The clipping level 
can be varied by means of poten-
tiometer R.. Use of a small capaci-
tor in the differentiator circuit 
keeps the loading on the avalanche 
transistor to a minimum, thus op-
timizing the switching time for the 
given unit. This makes it possible 
to obtain an extremely narrow pulse 
with just one stage of differentia-
tion. 
The sampling circuit is composed 

of back-biased diode D, working 
into the base of the first stage of 
the low-frequency amplifier. The 
sampling and clipping diodes are 
both housed in a specially made 
right-angle coaxial holder. Type 
1N23E diodes were chosen because 
of their performance, although • 
less expensive microwave or fast 
switching diodes may be used where 
optimum rise time and signal-to-
noise ratio are not required. 
The first two stages of the low-

frequency amplifier use high-fre-

1M. 

quency transistors in order to gain 
sensitivity and signal-to-noise 
ratio. The extremely narrow sam-
pling pulse would be considerably 
attenuated by a lower-frequency 
transistor. The last three stages of 
the amplifier serve to stretch the 
pulse and amplify it somewhat fur-
ther (waveform 3 in Fig. 1). The 
clamping diode D3 sets the base 
line of the pulses at close to zero 
d-c voltage. The amplifier is capable 
of more gain than is necessary with 
the present number of stages. 
Sufficient stabilized gain can be ob-
tained with four stages, but trans-
former coupling will then be neces-
sary to maintain the proper polar-
ity. Capacitor C2 and resistor R, 
act as a high-pass filter to avoid 
the additional burden of low-fre-
quency amplifier noise. 

In the reset and unblanking cir-
cuits a monostable multivibrator, 
when triggered by the pulse from 
the trigger circuit blocking oscil-
lator, produces a pulse eight micro-
seconds wide (waveform 4 in Fig. 
1). The pulse is differentiated and 
its trailing edge turns on the reset 
transistor so that the pulse-stretch-
ing capacitor is discharged, ready-
ing the system for another sample. 
The unblanking blocking oscil-

lator is triggered on after a five-
microsecond delay and produces a 
pulse 1.5 microseconds wide (wave-
form 5 on Fig. 1) to be applied 
to the cathode of the crt in the 
oscilloscope. This unblanks the sig-
nal after the initial transients have 
disappeared, thus reducing the spot 
smear. Also, because of the short 
duration of the unblank pulse, the 
tilt in the displayed part of the 
stretched pulse is negligible. 
The five-microsecond delay is ob-

tained as follows. The positive 
pulse from the monostable multi-
vibrator turns off Q3 and D„ which 
in turn allows C. to charge towards 
the 12-volt supply voltage. When 
the capacitor voltage gets high 
enough to forward-bias the block-
ing oscillator base, the unblank 
pulse is generated. The diode in the 
collector prevents ringing and 
lengthens the recovery time so as 
not to obtain multiple firings. 
When the monostable multivi-

brator returns to its quiescent 
state, the base of Q3 becomes nega-
tive once again and quickly clamps 

C. to this negative voltage. This 
system results in a delay which is 
independent of repetition rates in 
the range of interest. Transistor 
Q3 also acts as a buffer stage to pre-
vent the large blocking oscillator 
signal from feeding back into the 
monostable multivibrator and re-
setting it prematurely. 
The power supply is of standard 

design and provides +250 volts at 
6 ma, +12 volts at 5 ma and —20 
volts at 12 ma. The ripple is less 
than 2 mv for the low voltages and 
less than 10 mv for the 250 volts. 
The sampling attachment is ca-

pable of resolving rise times of à 
nanosecond. Figure 6 shows nar-
row pulses, generated by a mercury 
relay generator, as displayed on a 
conventional 10-Mc oscilloscope 
with the aid of a sampling attach-
ment. Some of the faster units have 
3-db bandwidths as high as 2 Gc and 
rise time capabilities which could 
not yet be tested because of lack 
of appropriate pulse-generating 
equipment. 
The sensitivity of the units is 

limited only by the noise generated 
in the avalanche process. Usable 
sensitivities ranging between 10 
mv/cm and 30 mv/cm have been ob-
tained in the units constructed. 
Much improvement in signal-to-
noise ratio can be obtained by us-
ing to advantage the frequency 
transformation properties of the 
system by means of filter detection. 
The sweep linearity is better than 
five percent and the amplitude dis-
tortion is less than five percent in 
most units, provided the signal am-
plitude is kept within the proper 
limits. 
The writer thanks M. D. Nelson 

of RCA Camden and G. B. Herzog 
of the RCA David Sarnoff Labora-
tories for many fruitful discussions 
held during the development of the 
unit. 
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Precise Measurement 

Of Wow and Flutter 
Equipment is used to test tape recorder performance. A 

40-Kc carrier signal is first recorded on the tape recorder 

under test, and during playback on the same machine a 

discriminator circuit measures carrier frequency devia-

tion caused by wow and flutter. Calibrated crt display 

gives wow and flutter percentage as a deflection of the 

trace from its equilibrium position 

By JOHN T. MULLIN 
Director Of Engineering, Minicom Division, 
Minnesota Mining and Manufacturing 
Company, Los Angeles, Calif. 

IN ANY ELECTRICAL recording sys-
tern, disk, film or tape, certain 
distortions in reproduction are in-
evitable. This paper discusses the 
properties and measurement of 
those distortions known as flutter 
and wow. 

It is impossible to go through the 
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process of recording and reproduc-
ing sound without having the me-
dium experience some instantane-
ous variations in speed. In a typical 
instance, if a pure 1,000-cycle sig-
nal is recorded, it may not be re-
produced exactly; it may rise mo-
mentarily to 1,003 cycles, then fall 
to 997 cycles, again rise to 1,003 
cycles and so on. In this case the 
system causes the frequency to 
change by ±-3 cycles or -±-0.3 per-
cent. 
The number of times a second 

that this cyclical variation occurs is 
the period of the flutter or wow. 
If higher than six cycles per sec-
ond, the effect is known as flutter. 

In sound recorders it is essential 
that these products be held below a 
certain limit so that the ear will not 
detect the objectionable forms of 
distortion caused by them. In in-
strumentation recorders degrees of 
flutter and wow which are accept-
able to the ear often cannot be toler-
ated, and it has become necessary 
to design elaborate tape drive mech-
anisms. 

Flutter and wow components in 
a given system can be complex, with 
a mixture of many different sources 
contributing to the overall pattern. 
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For example, a capstan may cause 
wow at its rate of rotation, which in 
a particular recorder may be six 
cycles. A rotating filter wheel may 
contribute a component of two 
cycles. A motor may add 20, 60 or 
120 cycles, or even all three. In 
such instances these are discrete 
frequencies, but in addition there 
may be others which vary in fre-
quency and amplitude with the 
amount of tape on a reel, torque 
motor or belt adjustments and other 
causes. Sources of this type are 
caused by the mechanical deficien-
cies of the machine itself. 
Another source of flutter arises, 

however, from the effect of sliding 
the tape over the recording and 
playback heads and over any sta-
tionary guides or pressure pads 
which contact the tape in the vicin-
ity of the heads. This is best de-
scribed as scrape flutter. It is 
usually random in nature with a 
concentration of energy in the 
vicinity of some discrete frequency 
such as 1,000 or 3,000 cycles. 

Scrape flutter has most often 
been completely ignored in flutter 
analyses because commercial meas-
uring devices do not usually respond 
to flutter rates higher than 300 
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FIG. 2—Reproduced signal is rendered constant in amplitude before it is passed on to the discriminator circuit. Band-
width selector permits wow and gutter display in one of three frequency ranges 

cycles. Such devices are satisfac-
tory in sound recording measure-
ments for disk and optical film re-
cording where scrape flutter does 
not exist. However, introduction of 
tape recording and the subsequent 
conversion of motion picture re-
cording from optical to magnetic 
film is an important factor in which 
scrape flutter should be considered. 

Discussion will be confined to the 
method employed with a tape re-
corder, although the process is sim-
ilar with any other medium. First, 
a steady tone is recorded on the 
magnetic tape. During this process, 
of course, the tape will experience 
the effects of flutter which will 
thereby be recorded into the tape 
itself, causing it to be an imperfect 
recording. On playback the machine 
again contributes wow and flutter 
components which add algebraically 
to those already on the tape. 
The reproduced tone, with these 

variations in frequency and ampli-
tude that are brought about by im-
perfections in the tape transfer 
process, is fed into an amplifier and 
then into an amplitude limiter. The 
limiter removes the amplitude vari-
ations and residual information in 
the signal is conveyed only by fre-
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quency variations. Wow and flutter 
information is then derived by pass-
ing the signal through an f-m de-
tector. 
An indicator of some sort meas-

ures the discriminator output. In 
commercially available flutter me-
ters the indicator is most generally 
a D'Arsonval meter, calibrated in 
percent flutter and wow. 
A convenient indicator for instru-

mentation measurements is there-
fore the cathode-ray oscilloscope. 
While a flutter indicator of this 
sort is more complex than one using 
a D'Arsonval meter, it has many 
compensating advantages. Absolute 
peak-to-peak values can be seen on 
a calibrated scale and can be photo-
graphed with continuously moving 
film to provide visible analysis of 
system deficiencies. The major con-
tributing factors causing flutter 
and wow can be visually determined 
since the oscilloscope trace can be 
synchronized to hold a given com-
ponent stationary on the screen. 
From this the speed of the trace is 
observed, giving the periodicity of 
the offending mechanical compo-
nent. 
A flutter and wow indicator has 

been constructed which is useful for 

checking any type of recorder ca-
pable of reproducing a 40-Kc signal. 
This confines its use to the field of 
instrumentation, but it is here that 
the greatest need for such a device 
exists. The equipment employs a 
40-Kc carrier frequency, and a cali-
brated oscilloscope plus various 
spectrum cut-off filters. 

In addition, the equipment has 
response down to d-c. This is essen-
tial for accurate calibration since 
known absolute frequencies can be 
read from a commercial decade 
counter and the degree of crt spot 
displacement observed. 

In practice, the carrier frequency 
is raised and lowered 0.05 percent 
from mean value and the total ex-
cursion of the spot is adjusted by a 
gain control until it fits within two 
calibrating lines representing peak-
to-peak flutter of 0.1 percent. 
The device in its full range posi-

tion shows all drift, wow and flutter 
components from d-e to 4,000 cycles. 
Figure 1 shows a block diagram of 
the complete flutter indicator; Fig. 
2 is a schematic diagram. 
Tape recorder output is fed 

through a two-stage amplifier 
whose gain is broadly peaked at 
40 Kc. The amplifier includes two 
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sets of amplitude limiters and the 
constant amplitude signal coming 
out of these limiter stages is shaped 
again into a sine wave and applied 
to the f-m discriminator. Here, two 
coils, one tuned above and the other 
below the carrier frequency, feed a 
pair of diodes. The output of the 
diodes is essentially a d-c voltage 
with ripple at the carrier frequency. 
The diodes are connected with the 
d-c voltage in opposition, resulting 
in zero output at center frequency 
of the 40-Kc carrier. While the 
deviation in frequency of the 40-Kc 
carrier is seldom in excess of -±-1 
percent in the worst cases of flutter, 
the additional bandwidth of this 
discriminator is necessary to pass 
the sidebands representing the flut-
ter components up to 4 Kc. 
A three-position sensitivity con-

trol follows, which permits the 
oscilloscope graticule marks to rep-
resent 0.1, 0.3, or 1.0 percent peak-
to-peak flutter. Three filters follow, 
which may be selected to pass zero 
to 4,000 cycles. Following these is 
a d-c amplifier to supply vertical 
deflection voltages to the oscillo-
scope. The horizontal time base is 
of variable speed and can be syn-
chronized to components of the 
flutter signal. It is calibrated so as 
to enable the frequency of such 
components to be readily deter-
mined. 
A two-inch cathode ray tube is 

employed. The graticule marking 
vertical deflections is calibrated to 
read 0.1, 0.3, or 1.0 percent per di-
vision, a division being h inch. 
The 0-4,000 cycle filter position in-
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dicates all measurable flutter of any 
significance. It includes mechanism 
and scrape flutter. The 0-100 cycle 
filter provides the conventional 
method of observing those compo-
nents which are essentially machine 
deficiencies. The 0 to 300-cycle filter 
provides a comparison between the 
results obtained by flutter meters 
having such cutoff characteristics 
and the full range response of this 
instrument. 
Compared to a 300-cycle cutoff, 

the flutter indicated on the full 
range 4,000 cycle position may be 
anywhere from 20 to 200 percent 
greater, depending on the design 
characteristics of the machine being 
tested. 

Figure 2 is a schematic of the 
equipment. A two-stage pentode 
amplifier (6AC7's) is broadly tuned 
by two L-C networks to pass fre-
quencies near 40 Kc. Diode limiters 
in each stage slice the signal sym-
metrically about the axis. 

Discriminator (6AL5) output is 
d-c coupled to the 6C4 and the 
6AB4. A three-position sensitivity 
selector changes the signal level 
into the 6AB4. Output of the 6AB4 
is a d-c signal directly connected to 
one vertical plate of the oscilloscope 
unit. A centering control in the 
cathode of the 6AB4 determines its 
standing plate potential and thus 
the vertical position of the crt spot. 
The filter circuits between the 

cathode of the 6C4 and the grid of 
the 6AB4 provide flat response to 
4 Kc and a sharp cutoff above this 
frequency. Thus the instrument will 
show on the oscilloscope all compo-

nents of flutter from zero to 4 c. 
Resistor values in this unit must 

be determined experimentally. Val-
ues shown for the 4-Kc filter will 
probably need adjustment in each 
individual case, but calibration is 
easy with the use of a frequency 
meter of the Berkeley type. 

Circuits of the oscilloscope are 
conventional, the 884 tube supply-
ing the usual horizontal sweeps. 
Voltage dividers are used on the 
supplies to the crt terminals to 
equalize their potentials to the 
6AB4 plate, thereby eliminating 
focusing problems. 
The three-position attenuator at 

the grid of the 6AB4 changes the 
sensitivity so that a quarter inch of 
crt deflection can represent flutter 
ranges 0.1, 0.3 and 1.0 percent. 
Frequency discrimination is ex-
tremely sensitive to small incre-
ments of frequency, so it is im-
portant that the absolute frequency 
of the discriminator be determined 
before recording. This frequency is 
not likely to be exactly 40,000 cycles 
—it may even be several hundred 
cycles to one side or the other. The 
absolute frequency will drift a little 
when the device is first turned on 
so it is well to let it warm up 
thoroughly before establishing the 
center frequency. 

Determination of center fre-
quency is undertaken in the follow-
ing manner. Set the sensitivity 
switch to position 3 (1.0 percent per 
1 inch) and feed a signal (close to 
center frequency) from the oscilla-
tor into the flutter meter. Adjust 
the centering knob to center the 
trace on the crt. Flip the sensitivity 
knob to position 2 (0.3 percent per 

inch). If the trace shifts, the 
center frequency has not been 
found. Readjust frequency and try 
again, using the centering knob to 
keep the trace well within the 
screen. When no relative shift is 
found between positions 2 and 3, 
switch to position 1 for a last sensi-
tive adjustment. 
When the trace stands still in 

positions 1, 2, and 3, the center fre-
quency has been determined within 
one or two cycles. 

Provision is made for filming the 
crt display as shown Fig. 3. In this 
case a commutator automatically in-
troduces a 0.1 percent calibrating 
signal at predetermined intervals, 
which is then superimposed on the 
film trace. 
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TUNNEL DIODE LOGIC CIRCUITS 
Three important facets of tunnel diode logic circuits are examined: diode current-volt-

age characteristics, modes of operation and effect of circuit component tolerances. 

Derived tolerance equations serve as valuable design tools 

By W. F. CHOW, 
Electronics Laboratory, 
General Electric Co., Syracuse, N. Y. 

THE tunnel diode is a single p-n 
junction diode that meets two phys-
ical requirements: the junction is 
narrow; and both p-type and ii-type 
regions are highly doped (they have 
a high impurity content). Under 
these conditions, there is appreci-
able probability that an electron 
incident upon a very narrow junc-
tion barrier will tunnel through the 
barrier, even though the energy 
barrier be high, to a state of equal 
energy on the other side. This effect 
is known as quantum mechanical 
tunneling. A typical tunnel diode 
current-voltage characteristic is 
shown in Fig. 1A. An explanation 
of this characteristic based on the 
quantum mechanical tunneling phe-
nomenon has been given in the 
literature.l. 
The current-voltage character-

istic of a tunnel diode (Fig. 1A) 
can be divided into three regions. 
Region 1 begins from the reverse 
biased condition and ends at a small 
positive bias voltage V„ which cor-
responds to the peak diode current 
I. In this region the characteristic 
has a positive slope that is prac-
tically constant except in the vicin-
ity of the peak current point. Re-
gion 2 corresponds to the negative 
slope portion of the curve which 
begins at the peak point (/,, V2) 
and ends at the valley point (I„, V„). 
The magnitude of the incremental 
negative conductance increases 
from zero to a maximum value 
somewhere near the middle of this 
region and it decreases to zero at 
the valley points. There is only a 
small portion of the curve where 
the negative conductance is approx-
imately constant. Region 3 begins 

at the valley point and extends 
towards the highly forward biased 
area where normal forward biased 
diode characteristics prevail. 
The a-c properties of a tunnel 

diode are different from its d-c 
characteristics. They are not given 
simply by the slope of the d-c char-
acteristic shown in Fig. 1A, for 
other unavoidable circuit elements, 
such as lead inductance, body re-
sistance and junction capacitance 
must be taken into account. How-
ever the lead inductance and body 
resistance can be reduced by proper 
fabrication and mounting tech-
niques. 

Figure 1B shows idealized tunnel 
diode characteristics which are use-
ful in circuit analysis. 
A device having a negative con-

ductance is useful in many appli-
cations, such as amplifiers and os-
cillators, but one of the most im-
portant areas is probably in digital 
circuits. Described here are vari-

V 

ous operating modes of tunnel diode 
logic circuits and the requirements 
imposed upon the tunnel diode char-
acteristic with respect to the toler-
ance of other circuit components. 
The two obvious modes of opera-

tion are the monostable and the 
bistable conditions. For monostable 
operation (Fig. 1C), a bias resist-
ance and an inductance are con-
nected in series with the diode. 
This resistance and the bias supply 
are small enough such that a is the 
only stable point. This point is in 
Region 1 of the diode characteris-
tic. When there is no input signal 
pulse, the diode remains at a where 
the diode current is l„ and the diode 
voltage is V„. When an input pulse 
is equal to or greater than 
the voltage across the diode in-
creases momentarily due to the ex-
cursion of the bias point into Re-
gion 3 of the I-V characteristic 
curve. An output can be taken as 
the voltage swing across the diode, 

(8) 

(C) (D) 
FIG. 1—Typical (A) and idealized (B) tunnel diode characteristics. 
Two modes of operation for digital applications are: monostable bias 
condition (C) and bistable bias condition (D) 
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or the voltage swing across the 
inductance by using a secondary 
winding inductively coupled to L as 
shown in Fig. 2A and B. 
When a tunnel diode is operated 

in the bistable mode, the bias resist-
ance is high enough to intersect the 
I-V curve of the diode at two stable 
points. If the bias resistance is 
very large in comparison with the 
negative resistance, the two stable 
points are a and b as shown in Fig. 
1D. Diode current at b is of about 
the same magnitude as I.. However, 
if the bias resistance is only slightly 
larger than the negative resistance, 
the two stable points are a and b'. 
Diode current at b' is approximately 
equal to the valley current I. of the 
diode. 
Assuming that, initially, the 

diode is at a, an input current pulse 
equal to or greater than I.-I. will 
switch the diode over to b or b'. In 
the case of point b, the output is a 
current which equals the diode volt-
age divided by the output resistance 
R. as shown in Fig. 2C. For the 
point h' case, the output is the 
change of current in R." of Fig. 
2D. After switching the diode to 
b or b', a negative resetting pulse 
is required to reset the diode back 
to a. Reset can also be accomplished 
by temporarily removing the supply 
voltage. 

In either monostable or bistable 
operation, there is an output if the 
input current is equal to or greater 
than 1,4.. If this amount of input 
current is equally contributed by n 
input circuits, the logic circuit is 
operated as an AND gate of n inputs. 
If any one of the n inputs has an 
amplitade I,-I., the logic circuit is 
operated as an OR gate of n inputs. 
Thus the logic decision is based on 
the analog summation of input sig-
nals and the threshold level of the 
gate. Hence this type of logic may 
be termed analog-threshold logic. 

Negation or inversion can be ob-
tained by using a transformer 
which reverses the polarity of the 
output pulse. This output pulse is 
combined with a clock pulse at the 
input of an OR gate. Thus the out-
put of the combined stages will be 
ONE when the first stage does not 
switch, and the output will be ZERO 
when the first stage does switch. 
The circuit shown in Fig. 2D can 
be used as the negation. When the 

INPUTS 

Ro 

OUTPUTS 

CHANGE OF DIODE VOLTAGE 
AS THE OUTPUT 

(A) 

OUTPUTS 

Rb LARGE, DIODE VOLTAGE 
AS THE OUTPUT 

(C) 
FIG. 2—Monostable logic circuits 
and (D) use analog-threshold log 

Ro 

INPUTS 

Ro 

OUTPUTS 

7:=7" 
CHANGE OF CURRENT 

AS THE OUTPUT 

(B) 

(Rb.+ fil;) MODERATE CHANGE OF 
DIODE CURRENT AS THE OUTPUT 

(D) 

(A) and (B). Bistable circuits (C) 
ic 

diode is at point a (Fig. 1D), the 
output voltage is Since is 
much smaller than I., 1,R." can be 
considered as ZERO and IR." as ONE. 

Logic circuits employing the 
principle of majority decision can 
be built by connecting two tunnel 
diodes in series as shown in Fig. 3. 
The binary informations ONE and 
ZERO are represented by a positive 
and a negative signal current of 
equal amplitude respectively. The 
number of inputs is limited to an 
odd number so that there is no 
ambiguity. The analog sum of the 
input signals should be in the cor-
rect polarity and its amplitude 
should be larger than the difference 
between the two diode currents dur-
ing the logic operation. Supply 
voltage can be either of square or 
of sinusoidal waveform. Peak am-
plitude of the supply is such that 
the only one of the diodes can be 
switched to the high voltage state 
while the other diode will remain in 
Region 1 during the whole positive 
half cycle. Since the supply voltage 
is symmetrical with respect to 
ground, the diodes form the arms 
of a balanced bridge before each 
logic operation and therefore there 
is no output at point C to ground. 

When the supply voltage goes into 
the positive half cycle, both diodes 
begin to conduct in the forward 
direction. When the input is posi-
tive, D, will reach its peak current 
first; consequently D, is switched. 
The bridge is unbalanced. The out-
put voltage is positive with respect 
to ground. On the other hand when 
the input is negative, D, will be 
switched, and the output is nega-
tive. Negation is obtained by using 
a transformer which reverses the 
signals. 
The difficulty arising from the 

non-unilateral behavior o the above e/ circuits can be overcom by using 
either a backward diode' or recti-
fying diode to block the backward 
transmission, or by using a three 
phase supply similar in principle 
to that described for digital circuits 
using parametric oscillators." The 
logic stages are arranged in such a 
way that the backward flow of in-
formation does not affect the opera-
tion, or the NAND circuit is used to 
perform the logic operation. Thus 
the interconnection of logic stages 
becomes straightforward. However, 
the allowable number of input cir-
cuits and the allowable number of 
output circuits are limited to a 
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(A) 

INPUTS 

= = 
NEGATION 

(e) 
FIG. 3—Characteristic (A) 
c'rcuit (B) for majority logic 

and 

small value. They are related to the 
allowable tolerances of the circuit 
components. 
To simplify mathematical expres-

sions, many assumptions will be 
made in obtaining the relationship 
between tunnel diode and compo-
nent tolerances. These assumptions 
are: 

(a) The I-V characteristic of a 
tunnel diode is represented by ideal-
ized four line segments, as shown 
in Fig. 1B. The peak current re-
gion which centers around the point 
(1,, V,) is now represented by a 
point. From the point of view of 
the requirement of triggering pulse 
amplitude and switching speed, this 
assumption is somewhat of an over 
simplification. (b) With the peak 
current region represented by a sin-
gle point, the minimum triggering 
current required is assumed to be 
1,-1.. Under this assumption the 
calculated results are on the op-
timistic side. (e) The input signals 
to each stage are the outputs of 
similar stages. In other words the 
input and the output circuits are 
standardized to a nominal current 
value. (d) The effects of junction 
capacitance on the tolerance re-
quirements are neglected. 
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TOLERANCE OF DIODE CURRENT IN PERCENT 

FIG. 4—Relationship of tolerances of tunnel diode and components to 
jan -in and fan-out numbers 

Analog-Threshold Logic — The 
monostable and bistable circuits 
shown in Fig. 2 can be studied to-
gether by assuming that L is rea-
sonably large so that during a large 
part of the output period L behaves 
as a current source. 

Let the number of input circuits 
be n, the number of outputs m, the 
nominal peak current of the diode 
I„, the valley current 1, and the 
variation of these currents -1-.k per-
cent. Let the variation of output 
voltage across the diode, the varia-
tion of resistances and supply volt-
age be -±8 percent. The nominal 
value of a ONE input is represented 
by voltage V. minus V. divided by 
the resistor R„, and a ZERO by 
(V„' — V„)/R„ where V.,' is the bias 
voltage of an OR gate. The condition 
for an AND gate of n ONE inputs is 

(VB — V,B)(I — 8) 

R.(1 + a) 
4(1 k) —1.(1 — 6) (1) 

The condition for an AND gate of 
(n — 1) ONE inputs and one ZERO 
input is 

R.(1— a)  e 
Ip(l - k) — 1,(1 ,3) (2) 

5 6 

The condition for an OR gate of 
(n — 1) ZERO inputs and one ONE 
input is: 

(VI, — V.')(1 — a) 
R.(1 -I- a) 

(V.' — V.)(1— a)  (n —1) 
R.(1 — 8) 
4(1 + k) — a) (3) 

where V.,' and 1.' are the voltage 
and current of the bias point of an 
OR gate. The condition for an oR 
gate of n ZERO inputs is 

1,41 — k) — I.'(1 + a) (4) 
R. 

Let (V. — V.)/R. = I,„ and sim-
plify Eq. 1 and 2. By neglecting 81 
and IcS terms we have 

nti.(1 — a) k 
4(1 k -1- 8)— I. (5) 

and 

(n — 1)/..(1 + s) e 
Ip(1 - k — 3) — I. (6) 

Under the worst condition the signs 
of inequality are changed to signs 
of equality. These equations are 
combined to give 

= 2(k ± 8)/11 — (2n — 1)01 (7) 
Expressions (3) and (4) can also 
be simplified to give: 

a) — (n- 1)(1+ 3) (V.'—V.)IR0 
ki,(1±k± b) —I.' (8) 

it2•3V.1(1-1)/It.ei,(1—k—.5)-1.' (9) 
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where (V. — V..') ¡R. is taken as 
approximately equal to I,.. The sign 
of inequality is replaced by a sign 
of equality under the worst condi-
tion and the combination of these 
two equations gives: 

Iip(1— a) —[(n-1-5)(17,,'—V.)-[-
n8(3V,,i—V.)]/R0=24(k+ó) (10) 

Equation 10 gives the relation be-
tween the bias point of an OR gate 
and that of an AND gate. 
At the output of the preceding 

stage, the nominal maximum avail-
able output current is 

(11) 

If no non-linear devices, such as 
backward diodes or rectifying di-
odes are used in the input circuits 
to block the backward flow of in-
formation, each output current will 
be 

I.(1 —s)-1„(1+k) 1.— (12) 
(m+n) 

If non-linear devices are used to 
block the backward flow of current, 
each output circuit will have 

/„' =Up() — e)—/(1-Fic)]/m=/,p' (13) 

Since at the input, from Eq. 1 
and 2, 

I«—I„—[(2n-1)/21l,„ (14) 

by combining equations 7, 12 and 

(A) 

(PEAK OF SUPPLY VOLTAGE MINUS 

VOLTAGE DROP ACROSS RS AFTER 

'SWITCHING) 

(C) 
FIG. 5—An equivalent circuit of Goto-pair (A), three phase supply 
for majority logic circuit (B) and bias points of the Goto-pair (C) 
and (D) 

14, we obtain the expression 

m-1-n= (1 — (2n — 1)(k+2 S)1(1 — 

I. 1--; (1 ±k)11 — 8(2n —1)] } /2(k+ 8) (15) 

Using Eq. 13 instead of Eq. 12 leads 

to 

m= 1[1—(2n-1)(k+23)1(1-3) — 

(1+k)[1—.5(2n-1)1}12(k+8) (16) 
/p 

Equation 16 shows the advantage 
of using a non-linear device to block 
the backward flow of information. 
As an example, if /„//,. = 10, the 
relationships between the tolerances 
on the diode currents and the toler-
ances on the other components are 
shown in Fig. 4. 

Majority Logic — The tolerance 
for the circuit components shown in 
Fig. 3 is calculated as follows: Let 
the tolerance of diode currents be 
±k percent. Figure 5A shows an 
equivalent circuit during the posi-
tive half-cycle of the supply before 
the switching of either diode. The 
input circuit is represented by a 
small voltage V,„ in series with R... 
Voltage V,„ is the equivalent volt-
age which produces the desired in-
put current. The value of Ri, de-
pends upon the number of input 
circuits. Resistor R represents the 

THE PERIOD WITHIN WHICH THE DIODE 
MUST BE SWITCHED 

(SUPPLY VOLTAGE MINUS VOLTAGE DROPS 

ACROSS RS BEFORE SWITCHING) 

(D) 

internal resistance of supplies E, 
and E,. These two supply voltages 
may be slightly unbalanced in am-
plitude and in phase if an a-e 
voltage is used. Let the total com-
bined value be represented by a tol-
erance of voltage -± 8 percent, and 
the variation of R„ be ± 8 percent. 
Each input current is equal to the 
ratio of the output voltage to the 
resistance. Hence each input signal 
current will have a tolerance of 
28 percent. 

Let the number of input be (2n-
1) and the number of output be 
m, where n is a positive integer. 
Let the nominal value of each input 
current be I. Under the worst cop-
dition the resultant of the inputs 
will be 

./.=/[1-2(2n-1)8] (17) 

Figure 5B shows the time interval 
within which one of the diodes 
must be switched into the third 
region of its I-V characteristic. 
The peak amplitude of the sinus-
oidal supply across two diodes 
should be such that after one of 
the diodes is switched into the 
third region, the peak amplitude is 
not enough to switch the other 
diode, as shown in Fig. 5C. The 
solid line represents the charac-
teristic of diode 2. Point b repre-
sents the condition after diode 2 
is switched. Figure 5D shows the 
condition before either one of the 
diodes is switched. Diode 2 has an 
additional amount of current which 
corresponds to the difference be-
tween point 2 and point 1. This 
current is the input current. 

Let the angle of the sine wave 
supply at which the diode switches 
be 0, where O is measured from the 
beginning of the positive half-cycle 
of the supply to the time the cur-
rent in one of the diodes is equal 
to its peak value (Fig. 5B). Thus, 
if R << RI., the currents In the 
diodes are 

E2 El  E2  
= R Rolm 

=[E(1— vs) sin 01/R 
2mE 5 sin 0/Ro 

I2 = Ij. EzIR 
= I,„ IE(1 — t) sin OFR 

(18) 

(19) 

For proper operation, we have /i G 
1, (1 — k) and I, I, (1 k), 
or /2 — /i > 2k I, 

For the worst case where the 
two diodes reach their peak cur-
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rents simultaneously, we have 
— —2kl,, 

i.-2mE sin O/Ro 
or 

/11 —2(2n —1)81 = 
2k4+2mES sin 0/R„ (20) 

Equation 20 gives the relationship 
between the fan-in and fan-out 
numbers and other circuit parame-
ters. 

After diode 2 has been switched, 
the peak of the supply voltage 
should not drive diode 1 over its 
peak current. Thus, the total cur-
rent in diode 1 at the peak of the 
supply is 

± R &is + (2n — 1)] 

<I2,(1 — k) (21) 

Where 1', and l', are the currents 
in diode 1 and diode 2 respectively. 
Rearranging Eq. 21, we have 

E(1+ ô) <[I„(1 — k) —I21 

[R+ + R,(2n-1) i+12'R (22) 
m  

Equation 22 specifies the peak am-
plitude of the sinusoidal supply 
voltage in terms of device proper-
ties and fan-in and fan-out num-
bers. 
After passing its peak voltage 

the supply voltage decreases. Let 
e be the angle at which the supply 
voltage becomes too small to retain 
the information; in other words, 
the diode which has been switched 
will return to its first region. Thus 
2E sin ça = 17„+2R1,,l-

E(1+ S) sin i/ —RI, 
(23) R R+RJErn±(2n-1)] 

where V„ is the voltage at the val-
ley point and I „ is the valley cur-
rent. Equation 23 gives the rela-
tionship between the angle of reset 
and the fan-in and fan-out num-
bers. Since the clock has three-
phases, (a must be between 120 and 
180 degrees and O has to be between 
0 and 60 degrees. 
As an approximation, the voltage 

drop across R in the above equa-
tion is neglected. Angles O and 
are assumed to be approximately 
30 and 150 degrees respectively. 
Combining expressions 22 and 23 
and taking the limiting case leads to 

V,(1+45)=[4(1—k)-121] 
R./[m+ (2n —1)] (24) 

The total output current is given by 

.L„toi417, (i a) sin 0][m+ (2n —1)1/R. 
=sin 4,[1,,(1 —k) —I21 (25) 
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FIG. 6—Tolerance relationship for majority logic 

Letting /„(1—k)—/,'=x4 

and since 

I =I i„,„1/[m+ (2n —1)] 

combining Eq. 20 and 25 gives 

1 —2k[m+ (2n — Mix sin cp 
(26) 2(2n-1) 

It is desirable to keep x as close 
to unity as possible. However, the 
limit of x is determined by (1 — 
I,/4). Figure 6 shows the rela-
tionship between the tolerance of 
the diode and the tolerance of other 
circuit components for eib = 150 
degrees, x :-_--- 0.8, and (2n-1) = 3. 
Among the basic tunnel diode 

logic circuits described above, the 
two-diode circuit which is known as 
the Goto-pair appears promising if 
the two diodes are carefully selected 
for matched currents. However, 
unless both diodes have essentially 
identical I-V characteristics with 

5 

respect to all environmental condi-
tions, a slight change in the en-
vironment, such as the temperature, 
may upset the circuit operation. 
The difficulties inherent in the 

discussed tunnel diode logic cir-
cuits should not be considered as 
indicative of the future. It is the 
author's belief, based on present 
laboratory work, that with improve-
ment of tunnel diode fabrication 
techniques and accumulation of 
knowledge concerning circuit be-
havior, practical tunnel diode logic 
circuits will be produced. 
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Variable intensity marker is at 15 Mc in both (A) and (B) but auxiliary markers have been added 

in (B) at 11.7 and 18.3 Mc 

Z-Axis Marker Generator 
For Bandpass Circuit Alignment 

Two-tube circuit provides variable frequency oscilloscope intensity marker 

for wide band bandpass measurements. Easily calibrated circuit maintains 

long term accuracy of better than I percent 

By DOMINICK J. ODORIZZI, Senior Project Engineer, Hughes Aircraft Company, Tucson, Arizona 

USUAL METHOD for aligning and 
measuring i-f amplifier strips and 
similar circuits is to use a swept 
frequency oscillator and an oscillo-
scope. The oscillator feeds the am-
plifier under test and the amplifier's 
detected bandpass curve is observed 
on the oscilloscope. It is then neces-
sary to determine the frequency of 
various points on the bandpass 
curve in order to properly align the 
amplifier and make necessary meas-
urements. 
Some of the more commonly used 

frequency marker systems employ 

birdie markers, oscilloscope vertical 
axis markers, or oscilloscope inten-
sity markers. The intensity marker 
possesses the advantage of being 
independent of amplifier and oscil-
loscope gain settings and, in addi-
tion, does not distort the bandpass 
curve. The circuit described here 
provides an accurate, stable inten-
sity marker over the frequency 
range of 8 to 22 Mc. With minor 
changes, operation at other fre-
quencies is also possible. 

Figure 1 shows the overall system 
block diagram using the marker 

generator. A small portion of the 
r-f signal feeding the amplifier un-
der test is fed into the marker 
generator. The marker generator 
consists basically of a tuned tank 
circuit and a detector. When the 
r-f signal frequency sweeps past 
the tank circuit frequency, a high 
amplitude signal is obtained from 
the tank circuit. The signal envel-
ope is detected and the resulting 
pulse is fed to the oscilloscope 
Z-axis. 
A bright mark appears on the 

bandpass curve at a frequency de-
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To Serve West Coast Electronics... 

General Chemical announces 

LARGE NEW PRODUCTION 

FACILITIES 

at Los Angeles, California 

(q, 

r\ 

Manufacturing facilities kr 
`el..ec7worvic-GRADE" 

CHEMICALS 

plus complete "C,, P.' stocks 

To meet the West Coast's increasing 

demands for highest quality elec-
tronic chemicals, General Chemical 
has established extensive new pro-
duction and packaging facilities in 

the Los Angeles area at its El Se-
gundo Works. 

Now, in full scale operation, these 
facilities supplement the company's 

long established plant for manufac-

ture of "C.P." acids at Bay Point, 

California, as well as its modern 

BAKER & ADAMSONe 
"Electronic-Grade" 

Chemicals 

warehouses in San Francisco and 
Los Angeles which maintain exten-

sive stocks of all chemicals for elec-
tronic use. 
Now, for the first time, the West 

Coast will have a complete major 

local source of supply for the na-

tion's highest quality line—Baker & 
Adamson® "Electronic-Grade" 

Chemicals. The new product center 

at Los Angeles also assures same day 
delivery or overnight shipment. 

hemical I 

This new supply source helps assure 
uninterrupted production schedules 

... eases your warehousing problems 

... and gives you immediate service 

you can count on in emergencies. 

For a listing of products, specifi-

cations and uses, write for our new 

booklet, "B&A Electronic Chemi-

cals." Company letterhead please. If 
you would like to have a representa-
tive call, write or phone our Los 

Angeles or San Francisco office. 

GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6,N. Y. 

LOS ANGELES 22, CAL., 6510 Bandini Blvd., Fireside 5.8676 

SAN FRANCISCO 4, CAL., 235 Montgomery St., YUkon 2-6840 
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termined by the setting of the tank 
circuit. This mark, appearing as a 
dot on the trace, is apparent on 
the bandpass curve photographs. 
Marker frequency is read from a 
calibrated dial attached to the tank 
circuit capacitor. The 60 cps saw-
tooth from the sweep oscillator pro-
vides the proper horizontal sweep 
for the oscilloscope. 
The circuit for producing the 

marker is shown in Fig. 2A. The 
r-f signal is fed into J, through C, 
and R, to the grid of V,A. Resistors 
R, and R„ comprise an isolating pad 
to prevent loading of the sweep os-
cillator by the marker circuit. The 
input signal is amplified by VIA and 
fed through C, to a tank circuit. 
The tank circuit consists of C„ and 
C, in parallel with either L, or L, 
as determined by the range switch 
S,. Coil L, or L, is fed from a tap 
to minimize tank circuit loading by 
VIA. This results in a higher tank 
circuit Q which is necessary to pro-
duce a sharp marker pulse. Ca-
pacitor C, is the tuning element 
which varies the frequency of the 
tank circuit from 844 Mc or 12-22 
Mc, depending upon the setting of 
S,. Trimmer capacitor C„ sets the 
tuning range of C,. 
The envelope of the r-f voltage 

developed across the tank circuit at 
resonance is detected by V,,,, an in-
finite impedance detector. This type 
detector is used primarily to pre-
vent tank circuit loading which 
would result in reduced Q. The 
detected pulse appears on the cath-
ode of V,,„ which is r-f by-passed 
by C„. Both r-f and pulses are by-
passed to ground by L, and C„ in 
the plate circuit of V,,,. 

Pulses from V,,, are fed to the 
grid of Fig. 2B. When using 

r" 

R-F 
INPUT c1 

0.01 
R2 

1K 

a 1 milliwatt signal generator, 
pulses to the amplifier will vary in 
peak amplitude from approximately 
5 to 10 volts through the tuning 
range of the marker generator cir-
cuit. This amplitude variation is 
dependent upon the tank circuit Q 
which is determined by the setting 
of C, (Fig. 2M. Because of the 
grid leak bias developed by C, and 
R,, which provides increasing bias 
for increasing pulse amplitude, all 
pulses appearing in the plate circuit 
of 17, will be equal in amplitude. 
In addition, the pulses will be nar-
rowed in width from approximately 
100 to 50 ¿/sec since only the upper 
portion of the positive peaks are 
amplified by V,A. 

Pulses from the plate circuit of 
V, are fed through C,„ and R, to 
the grid of the summing amplifier 
V211. Auxiliary markers, obtained 
from another variable marker or 
fixed crystal marker generator, can 
be injected through C„ and R„ into 
V,,,. These auxiliary markers are 
amplified by V,„ along with 
those obtained from The 
composite marker signal is fed 
through Ci, to the oscilloscope 
Z-axis input. Diode Di removes any 

SWEEP 

OSC 

AMPL 
UNDER 
TEST 

60 ,»SAWTOOTH 

MARKER 
GEN Et 
AMPL 

OSCILLO-
SCOPE 

Y 

FIG. 1—Marker generator is essen-
tially a parallel-tuned resonant c:r-
suit and a detector. A pulse is gen-
erated when the swept oscillator 
passes through the frequency to 
which the tank is tuned 

AMPLIFIER 
VIA 

1/2 12517 
R1 

IK 

R4 

3.65 0.0015 

2.5MH 

L1 191 

8-14 MC 

L3 

2.5MH 

C2 DETECTOR V113 
100pF 1/2 I2AT7 

— — SI C4 
6-50pF 

12 22MC 

R3 

47K 

'51 

C6 

250pF 

+150V 

J2 
PULSE 
OUTPUT 

_ 
L —.J 

Li AND L2 ARE B AND W 3015 MINIDUCTOR 

(Al (B) 
FIG. 2—Circuit details of marker generator for 8 to 22 Mc—in two overlapping ranges—is shown 
network, with pulse amplifier, (B) allows auxiliary markers to be added 

AMPLITUDE MARKER R7 
5K 

PULSE 
INPUT 

V24 
PEAK 

RETAINER 

negative component of the output. 
Auxiliary markers are useful for 

measuring and aligning bandpass 
curves. For example, if it is neces-
sary to maintain a minimum and a 
maximum frequency within the 
bandpass, these frequencies can be 
marked with auxiliary markers. 
These markers are often available 
from crystals in the swept fre-
quency oscillator being used. The 
variable marker can then be used 
to determine other desired frequen-
cies and to measure bandwidth. 

Calibration of this unit is accom-
plished by connecting a standard 
signal generator to J, in place of 
the swept oscillator and attarhing 
a d-c vtvm to TP,. The vtvml read-
ing is peaked for maximum voltage 
by adjusting C,. This tunes the tank 
circuit to the standard generator 
frequency. The dial of C, may then 
be marked to indicate the standard 
signal generator frequency. 
The marker circuit can be used 

at higher or lower frequencies and 
has been used to 65 Mc. Tle only 
changes necessary are in the tank 
circuit elements and possibly the 
plate circuit coils of V,, and V,,,. 
The range switch and one tank coil 
may be eliminated if narrower tun-
ing ranges or higher frequencies 
are used. 
The last stage, V,,,, is not 

necessary if the oscilloscope using 
the marker requires a negative 
pulse and auxiliary markers are not 
desired. In that case the output is 
taken directly from the plate of V24. 
For this case it is desirable to elimi-
nate R, and make R„ a 50,000 ohm 
potentiometer. 

Circuits of V, were contained in 
a shielded box, but the circuits of 
V, do not need shielding. 

+150V 

TO SCOPE 
Z-AXIS 

AUXILIARY 
MARKER INPUT 

in (A). Summing 
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MIXER-PREAMPLIFIERS 

or Shoe t PuIs, 

High Resolution 
SYSTEMS 

ENGINEERING 

The LEL MMX-5 matched microwave-
mixer preamplifier, available from stock, 
provides design engineers with a high quality 
X-band receiver tuning head. Wider band-
widths can be realized with the MMX-5 than 
with previously used circuitry. 

reaturing: 

Noise Figure  10db typical 
Overall Bandwidth  100mc within 3db 
Minimum Frequency Range  8.5 to 9.6kmc 
Low Power Requirements  150v at 45ma, 6.3v 

at 0.6 amp 
Gain  15db Microwave to IF 

Seed for comprehensive Microwave, 
IF, RF Amplifier Catalog. 

380 OAK STREET, COPIAGUE, 1 N. Y. 

CIRCLE 200 ON READER SERVICE CARD 

DYNATHERM 
TESTING 
CHAMBERS 

to further RELIABILITY 
of military and industrial products 

We offer Testing Equipment created by an unmatched combination of 
comprehensive engineering capability and prime manufacturing facili-
ties. Standard sizes or custom engineered to your testing requirements. 
Meet all military specifications. 

SPACE SIMULATION CHAMBERS HIGH TEMPERATURE THERMAL 
HIGH AND LOW TEMPERATURE SYSTEMS 
CHAMBERS 

HUMIDITY CHAMBERS 
ALTITUDE AND HIGH VACUUM 
CHAMBERS 

EXPLOSION CHAMBERS 
SAND AND DUST CHAMBERS 
SALT FOG 
RAIN AND SUNSHINE 
HIGH PRESSURE TEST 
EQUIPMENT 

LOW TEMPERATURE THERMAL 
SYSTEMS 

HIGH IMPACT SHOCK TESTING 
MACHINES for light and me-
dium weight equipment 

WE FABRICATE PORTABLE SELF-
CONTAINED CHAMBERS AND 
COMPLETE WALK-IN AND 
DRIVE-IN FACILITIES 

Years of study and experience in pioneering advanced test facilities 
are at your disposal. Kindly address your inquiry to Mr. Bernard 
Friedman, Manager ... 

ENVIRONMENTAL ENGINEERING DIVISION 

BETHLEHEM FOUNDRY & MACHINE CO. 
225 W. Second Street • Bethlehem, Penna. 
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Two great Convair Jets 
get reliable 
connections through 

*al Gremar Mfg. Co., Inc. 

General Dynamics corporation's CONVAIR Division speci-
fies Gremar RF connectors for its new 880 commercial jet, 
the world's fastest airliner. For reasons of top reliability 
Gremar RF connectors are also on their military B-58. Here's 
why . . . 

GREMAR CONNECTRONICS concentrates engineering, 
production and quality control on RF connectors only . . . 
guarantees 100% conformance to your most exacting specs. 

GREMAR DELIVERS . . . by stocking America's most 
complete line of RF connectors and fittings . . . by maintain-
ing a shelf stock of more than 500,000 assembled units . . . of 
over 2,000 types . . . and 4,000,000 component parts ready 
for assembly! 

SPECIFY GREMAR for top-level reliability and 
performance in RF connectors. Write for litera-
ture on any series of standard RF connectors ... 
or send us your specs on special requirements. 

Specialized high potential test equip-
ment developed by Gremar determines 
voltage breakdown point up to 25 KV, 
just one of the 142 separate quality 
checks that make Gremar RF connec-
tors specified on every major missile 
program. 

GREMAR 
MANUFACTURING COMPANY, INC. 

RELIABILITY THROUGH QUALITY CONTROL 

Dept. A Wakefield, Mass., CRystal 9-4580 
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RESEARCH AND DEVELOPMENT 

Finding Ultrasonic Velocity 
By D. E. KAUFMAN, Univ. of Calif., Los Alamos Scientific Lab., 
Los Alamos, N. M. 

EQUIPMENT and techniques have 
been developed for displaying ul-
trasonic velocity of immersed media 
on an oscilloscope. These velocities 
can be used to analyze and classify 
materials and determine elastic 
moduli of solids. Minor velocity 
variations of metal samples can be 
correlated with grain structure, 
amount of cold working and direc-
tion of flow lines from forging and 
rolling. Velocities at different 
points in a sample can also indicate 
density inhomogeneities. 
The immersion technique for 

finding ultrasonic velocity is con-
venient, practical and accurate. In 
the direct-coupling method formerly 
used, position of the ultrasonic 
source plane at the start of the 
pulses causes an "error. Empirical 
corrections partly offset this error, 
but immersion techniques eliminate 
it entirely. Although the solid-
replacement technique also elimi-
nates the error, it requires that the 
sample be clamped between solid 
members and velocity compared 
with that in a standard sample. 

Shear wave velocities can be 
found using Y-cut crystals that 
vibrate in the shear mode, but little 
energy is coupled to the sample. 
Longitudinal waves can also be fed 
into a coupling wedge using mode 
conversion at the interface of 
wedge and sample, but again cou-
pling is rather poor. It is also 
difficult to distinguish ultrasonic 
pulses transmitted by longitudinal 
waves from shear waves passing 
through the solid. This is especially 
true in the many solids in which 
longitudinal velocity is near twice 
shear wave velocity. 

E 

In the immersion method, a 
transmitting and a receiving piezo-
electric transducer are mounted in 
the walls of an immersion box. 
Pulses with fast rise time are gen-
erated to produce acoustical pulses 
with steep leading edges. Prf is 

nominally 60 cps but other rates 
are possible. Pulse amplitude is 
adjustable in 300-volt steps from 
900 to 3,600 volts; output imped-
ance is variable from 50 to 6,000 
ohms for different crystals. 
With dispersive materials or thin 

samples, oscillation of the acoustic 
pulse is reduced by a pulse delayed 
from 0 to 1.5 eisee to coincide with 
the first reverse swing of the 
acoustic output, and amplitude is 
adjusted for best cancellation. 
A variable sweep delay for the 

oscilloscope of 20 to 250 esec allows 
for ultrasonic transit time through 
a water path up to 14 inches be-
tween crystals. Jitter between the 
sweep trigger and the received 
ultrasonic pulse is held to ±20 
nanosec. An RC circuit and diode 
control a blocking oscillator that 
triggers the sweep. 
Sweep time is indicated by syn-

chronized clock pulses. One clock 
generates 0.2-gsee pulses; another 
generates 2-ihsec pulses that index 
the 0.2-sec pulses into groups of 
ten. Switches allow oscillator cali-
bration during operation by com-
parison with a 5-me crystal oscil-
lator. After a 15-minute warmup, 
oscillators need a calibration re-
check only every 2 or 3 hours. 
Minimum vertical sensitivity of 

each channel of the dual-trace os-
cilloscope used is 0.5 vim; mini-, 
mum sweep time resolution is 1 

I 

At 

Liquid-replacement method at left shows sample pulse (a) and 
first reflection (b) on trace 1 with direct water pulse on trace 2. Goniom-
eter technique at right produces longitudinal wave pulse (a) and shear 
wave pulse (b) on trace 1 with direct water pulse on trace 2 

Goniometer dial in immersion box 
indicates angle of sample for ultra-
sonic measurements 

psec/cm, with variable sweep mag-
nification up to 5 times. 

Amplifier gain, continuously 
variable from unity to about 10,000, 
can display pulses through samples 
up to 1 inch thick. Maximum out-
put is 2 volts peak-to-pe. The 
upper limit of the 500-Kc .0) 18-Mc 
bandpass amplifies pulses from 
crystals with natural resonant fre-
quencies to 10 Mc. The high level 
of the lower limit reduces response 
to slowly decaying trailing edges 
and improves recovery time after 
overload. High input impedance 
permits use of all types of receiving 
crystals. Low-impedance units 
need only a shunt impedance across 
the input. 

Velocity Measurements 

Except for thick or dispersive 
samples, longitudinal wave velocity 
is measured by the multiple-reflec-
tion technique. With the sample 
face normal to the ultrasonic beam, 
time t between successive reflec-
tions is read. Since the pulse 
travels twice sample thickness d, 
longitudinal velocity is ci = 2d/t. 
Since most samples have at least 
two reflections, several time read-
ings increase accuracy. 
For thick or dispersive samples, 

the liquid-replacement method is 
used. With the sample normal to 
the beam, time difference e with 
and without the sample is noted. 
Velocity is ci = d/ (t — At), where 
transit time through a liquid path 
equal to sample thickness is t = 
die, and c, is velocity of liquid. 
Since liquid velocity depends on 
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AXIAL SERIES 
0.5 mmf to 6800 mmf 
300 and 500 vdc 

AXIAL-RADIAL SERIES 
0.5 mmf to 5600 r-nmf 
300 and 500 vdc 

SOLID STATE 
PORCELAIN CAPACITORS 

FINE SILVER 
ELECTRODES 

HIGH GRADE 
PORCELAIN 
DIELECTRIC 

MOLECULAR BONDING 
'ASSURES ABSOLUTE IMMUNITY 

TO HUMIDITY 

/ 
CUTAWAY OF AXIAL CAPACITOR 

MONOLITHIC CONSTRUCTION 
ELIMINATES NEED FOR 
CASE OR HERMETIC SEAL 

RADIAL SERIES 
0.5 mmf to 1200 mmf 
50, 100, 300 and 500 vdc 

SOLID-STATE RELIABILITY 
*MAKES THE ERENCE 

The exclu-. .ess fus ver electrodes 
within a sot oc o •ense dielectric porcelain to form an 
integral monolithic unit with outstanding electrical and phys-
ical properties. 

The molecular bond of dielectric, electrodes and terminals 
assures absolute immunity to humidity, low loss, low noise 
and great stability over a temperature range of —55°C to 
200°C. 

True reliability is inherent in the solid-state construction of 
all "Vitramon" porcelain capacitors. They are used extensively 
where quality, precision and dependability are imperatives. 

VITRAMON'h INCORPORATED 
P. 0. Box 544 • Bridgeport 1, Connecticut 
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FANSTEEL METALLURGICAL CORPORATION, North Chicago, Illinois, U.S.A. 

FROM 

20 AMP. (Type 68) 
Highly stable, low-loss unit for all types 
of power circuits. Full 20 amp. load in 
half-wave circuits, up to 60 amps. in 
bridges at 150°C maximum case tem-
perature. Peak reverse voltages from 
50 to 400 volts. Unquestionably reliable. 

35 AMP (Type 48) 
For industrial power, controls, utility 
and communications equipment—or 
wherever high reliability is critical. Full 
35 amp. load in ha?f-wave, up to 105 
amps. in bridge circuits. Storage —65° 
to +200°C. Peak reverse voltages 50 
to 400 volts. 

50 AMP. (Type 8C) 
Newest in the line-up of the world's 
finest high reliability silicon power rec-
tifiers. Full 50 amp. load in half-wave 
circuits, up to 150 amps. in bridges at 
150°C maximum case temperature. 
Storage —65°C to +200°C. Peak re-
verse voltages 50 to 400 volts. 

70 AMP. (Type 88) 
Provides a heavy industrial power 
source unsurpassed for reliability . . . 
with full 70 amp. load in half-wave cir-
cuits, up to 210 amps. in bridge. Oper-
ating temperature up to 150°C case 
temperature. Storage from —65° to 
+200°C. Peak reverse voltages from 50 
to 400 volts. 

Write for latest technical bulletins 

_ ------------

s where reliability dictates standards ; 
••• 

temperature, temperature must also 
be measured, reducing accuracy. 

The goniometer technique can 
measure ultrasonic shear velocity. 
The sample is rotated to angle O 
from the beam so that mode con-
version at the sample face produces 
a shear wave in it. A mechanism 
in the equipment can rotate the 
sample 45 degrees in either direc-
tion with a dial indicating O within 
10 minutes. Transit time with and 
without sample produces scope pat-
terns like that in the figure. Con-
siderable time expansion between 
shear wave and pulse is necessary. 
Noting liquid temperature and 0, 
shear velocity c, is 1/c,2 = (At Id)* 

1/c,' — 2 (àt cos 'd cf). 
Goniometer rotation at and be-

yond angle O„ given by sin 0, = 
Cr/C,, shifts shear wave phase, in-
validating results. Uncertainty can 
be reduced by averaging measure-
ments for several values of O on 
each side of the beam. 
Accuracy with multiple-reflection 

is 1 percent and with water replace-
ment and immersion 3 percent. Vel-
ocities were used mainly to find 
elastic constants but also to classify 
solids. 

This work was sponsored by the 
Atomic Energy Commission and de-
scribed at the Second Southwest 
Convention of the Society for Non-
destructive Testing. 

WWV Adds Experimental 
Standard Time Code 
EXPERIMENTAL timing code has been 
added to the regular broadcasts of 
WWV. The code provides a stand-
ardized timing basis for simultane-
ous scientific observations at widely 
separated locations. For example, 
to analyze information from a satel-
lite or to track it requires that sig-
nals received by a tracking station 
be identified by time and date. 
The experimental code and broad-

cast were developed by several or-
ganizations including the Inter-
Range Instrumentation Group, 
NASA, Convair Astronautics and 
the National Bureau of Standards. 
The time-code generator that pulse 
modulates WWV was designed by 
Electronic Engineering Company 
of California. 
The experimental code is pres-
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ently broadcast for one-minute in-
tervals, ten times per hour. 
The code is a 36-bit, 100-pps 

binary code. A complete time frame 
is one second. Nine binary groups 
per second include 2 groups for 
seconds, 2 groups for minutes, 2 
groups for hours and 3 groups for 
day of year. 
The binary groups follow the 

time frame reference marker. The 
least significant binary group and 
the least significant binary digit in 
each group appear first, making it 
necessary to read only as much 
code as desired. The exact point of 
time is indicated by the leading 
edge of all pulses. 
The experimental code also con-

tains blank spaces that may be used 
to transmit additional information. 

Possible Use of Sun to 
Relay Radio Signals 

POSSIBLE use of the sun as a huge 
reflector to relay radio signals be-
tween distant points on the earth 
during periods when the moon is 
not available was described by an 
RCA scientist. 

D. J. Blattner said that such a 
method is technically feasible with 
presently known transmission tech-
niques, and may be justified by the 
growing demand for more commu-
nication channels. The solar atmos-
phere of ionized gases can reflect 
coded radio signals with sufficient 
reliability for relaying limited 
amounts of data. 

Signals of 40 Mc would be re-
flected from the corona. Such a sys-
tem would require output of about 
one million watts, and a 120-foot 
parabolic antenna capable of follow-
ing the sun. Because of the rota-
tional speed of the sun there would 
be some smearing of the relayed sig-
nals, necessitating a wide-band re-
ceiver, with which would be associ-
ated data-handling equipment. 
To overcome the spurious noise 

created by the solar atmosphere, 
Mr. Blattner suggested the use of 
20-second pulses. A single digit 
would require several minutes for 
transmission, while a complete word 
would take nearly half an hour. In 
addition, the signal would take ap-
proximately 16 minutes to cover the 
round-trip distance between the 
earth and the sun. 

This unretouched photo (twice actual size) shows a Fansteel "PP" type 

tantalum capacitor before and after being subjected to internal pressures 

of 600 psi. As shown, the test resulted in a stretching and deformation of 

the silver case, but no failure or leakage whatsoever in the seal. 

THAT FANSTEEL'S SHOULDER 
AND CURL DESIGN* PROVIDES 

THE BEST METHOD OF 
SEALING A TANTALUM 

ELECTROLYTIC CAPACITOR 

BEFORE TEST 

What Every Designer 
and Engineer Should 
Know About This Seal 

AFTER TEST 

The shoulder and curl design of the — 4-':›tm 
silver case results in a spring action on 
the seal assembly at all times ... and this downward pressure and tension 
remains constant throughout the capacitor's temperature range. Two 
gaskets—one above, one below the tantalum disk—create an air space, the 
only effective barrier against capillary action. Part of the upper gasket is 
formed into the curl for a perfect seal between case and gasket unaffected 
by varying temperatures. All gasket materials are carefully selected and 
controlled in their parameters so as not to interfere with the curl's spring 
action. There can be no loosening of this seal due to compression set. 
This is a perfect tantalum capacitor seal; it is a part of every Fansteel 
tantalum electrol tic capacitor. 

• 

Write for latest technical bulletins 

---------
where reliability 

dictates standards 

FANSTEEL METALLURGICAL CORPORATION North Chicago, III., U.S.A. 
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COMPONENTS AND MATERIALS 

Report on High-Temperature Ceramics 

TO PILL THE NEED for more reliable 
data about high-temperature ce-
ramic bodies, now very important 
for electronics applications, a speci-
men bank of such materials has 
been established for the measure-
ment of physical properties and 
constants. This bank contains sam-
ples from the leading manufac-
turers. The samples are metal-
ceramic combinations designed for 
use at elevated temperatures and 
will provide useful information that 
may be helpful. 

The long range goal of the in-
vestigation is to supply reliable 
engineering data for these new 
classes of materials. The proper-
ties to be investigated include me-
chanical strength, elastic and 
anelastic characteristics, the tem-
perature dependance of these prop-
erties, and thermal properties 
generally. 
A mongraphl, issued by the Na-

tional Bureau of Standards, de-
scribes the materials and some of 
their fabrication data; bulk den-
sities; theoretical densities; and 
the dynamic room temperature 
elastic constants. Data are given 
for 46 sets of specimens represent-
ing 20 different materials; these 
include oxides, carbides, bondes, 
cermets, and an intermetallic com-
pound. 

Results of the room-temperature 
measurements show that significant 
variations are common both in the 
specimens of one group and from 
group to group of specimens pre-
pared from the same material. The 
largest variations occur for speci-
mens formed by hot pressing, al-
though averages are higher for hot-
pressed specimens. Measurements 
of the dynamic elastic constants by 
the sonic method are more sensi-
tive as indicators of homogeneity 
and group uniformity than bulk-
dens ity measurements. 
The 45-page monograph, origi-

naly prepared by S. M. Lang who 
is now with the U. S. Atomic 
Energy Commission, has been re-
vised by M. D. Burdick and S. 

Spinner. Most of the materials 
listed are commercially available; 
some are experimental. Some 25 
tables are presented that give ma-
terials, source, and general fabri-
cation data as well as the properties 
mentioned. The paper contains de-
tailed descriptions of the methods 
used in calculating both the elastic 
constants and the statistical pa-
rameters. 
These detailed descriptions have 

been included to leave no doubt as to 
the exact procedure, and to act as 
a guide to other workers who might 

wish to make similar determina-
tions. 

It is anticipated that significant 
advances will be achieved in the 
uniformity of commercially avail-
able materials only recently devel-
oped, such as hot-pressed stabilized • 
zirconia. And the report points 
out that as more general experience 
in the hot-pressing techniques is 
accurately accumulated, one can 
reasonably expect to realize the 
advantages of both higher density 
and optimum uniformity of the 
products. Although production costs 

(Continued on p 118) 

Bonding Components to Circuit Boards 
TWO-COMPONENT epoxy adhesives 
that cure at room temperature gen-
erally harden within an hour after 
mixing. As a result, new batches 
must be mixed at frequent inter-
vals. If the quantities used at each 
work station are small, this creates 
a measuring and mixing problem, 
as well as a clean-up problem. 

Small plastic containers, intro-
duced by Plastic Associates, Laguna 
Beach, California, each hold a pre-

metered quantity of both adhesive 
and catalyst. The contents are 
mixed immediately prior to use, the 
adhesive applied to the parts to be 
bonded, and the empty containers 
thrown away. 
A typical assembly-line applica-

tion for these PACKETTE adhesives 
is the bonding of electronic com-
ponents to circuit boards, applying 
adhesive to screw threads, and 
similar uses. 

Pack (left) contains adhesive and activating catalyst and serves as mixing 
container (upper right) for adhesive application (lower right) 
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_lave time! save money! 
-eall your parts distributor for 

ostB RELAYS 

rhese important savings are yours when you order—from your Electronic Parts 
Distributor—P&B relays listed with Underwriters' Laboratories, Inc. and Canadian 
:tandards Association: 

SAVE TIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
. . . this has been done for you. Thus you get your project—and your product— 
off to a fast start! 

SAVE MONEY. You save the cost of getting relays listed with U/L 
or CSA . . . and you need have no big investment in shelf inventory, either. 
Remember, you pay no premium over factory prices in quantities to 249. 

fore than 40 different standard P&B relays in 450 different coil voltages and con-
act arrangements are available from the leading Electronic Part Distributors in 
'our area. For special applications, call your nearest P&B sales engineer. 

:.B Series 

/L File E29244 CSA File 15734 

-or appliance and general purpose operations 
'aspiring long life and quiet operation. Quick 
ronnect terminals. Screw terminal adapters 
also furnished with each relay. Contact 
orrangement: DPDT. Rated at 10 amps, 115 V., 
amps, 230 AC non-inductive by U/L and CSA. 

ABC Series ‘ir. 

U/L File E29244 CSA File 15734 U/L File E29244 

Medium duty power relay in dust cover. For 
small motors, industrial controls and similar 
applications. Contact arrangement: DPDT. 
Rated at 10 amps, 115 V., 5 amps, 230 AC 
non-inductive by U/L and CSA. 

Type 

PRI AY 
PR3AY 

Contact 
Arrangement* 

SPST-NO 
SPDT-NO-DM 

Contact 
Type Arrangement. 

PR5AY SPOT 
PR7AY DPST-NO 
PR 1 1AY DPDT 

These relays are available in any of the following operating 
voltages: 6, 12, 24, 115, 230 volts 50/60 cycles AC. 

Contacts are rated at: 25 amps, 115/230 V. AC 1 phase. 
1 hp for 115/230 volt AC motors 1 phase. 

*Read: NO normally open, NC normally closed, DB double 
break, DM double make. 

U/I. File E22575 CSA File 15734 

CSA File 15734 

Small, low cost, general purpose relay for 
handling automation work, small motors, sole-
noids, other relays. Contact arrangements: 
SPDT, DPDT and 3PDT. Rated at 5 amps, at 
115 V., AC non-inductive by U/L and CSA. 

Compact latch relay ideal for memory work 
and overload applications. Operates on 
momentary impulse to either coil. Contact 
arrangements: 4PDT and 6PDT. Rated at 5 
amps at 115 V.. AC non-inductive by U/I. 
and CSA. 

POTTER G BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 

IN CANADA: POTTER á BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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COUCH ROTARY 

RELAYS 

Start with a unique and simple design — manufacture 
within a narrow range of tolerances — specify performance 

on the conservative side — this is how Couch solves the 
problem of supplying relays that meet the present and 

future needs of our aircraft and missile programs. 

The record shows that this technique is successful: many 

thousands of Couch CVE type rotary relays are providing 

consistent flight insurance in complex systems under the 

most severe environmental conditions._ 

IMPORTANT SPECIFICATIONS 

Contacts: 4PDT (dry circuit to 10 amps) 
Size: 13/32" D x 11/2" H 
Weight: 3.2 oz. max. 

Pull-in power: 1/2 watt 

Ambient temperature: —65° to +125°C 
Vibration resistance: 20G's, 5 to 2000 cps 

Shock resistance: 75G's operating, 200G's non-operating 

Write for complete specifications. 

COUCH ORDNANCE, INC. 
A Subsidiary of S. Fi. Couch Company, Inc. 

3 Arlington St., North Quincy 71, Mass. Tel.: (Boston) BLuehills 8.4147 

would dictate a minimum time at 
minimum heat-treating tempera-
tures, a more uniform and repro-
ducible product would result from 
increasing both firing time and 
temperature. This improvement 
in the product appears to be readily 
achievable at a slightly increased 
production cost. The value of a 
statistical analysis for selecting 
the optimum temperature and time" 
should be apparent. 
One of the main deterrents to 

the use of ceramic and cermet ma-
terials in many applications whens 
they seem to be potentially useful 
is the lack of knowledge of the 
physical properties and constants 
of these materials and, when such 
information is available, the lack 
of confidence in the uniformity or 
reliability of the reported values. 
A great deal of information on 
product uniformity could be pro-
vided by the fabricators and sup-
pliers, usually without additional 
expense. 
The following materials were 

among those investigated in the 
NBS report: aluminum oxide, ruby 
alumina, magnesium oxide, mullite, 
thorium dioxide, uranium dioxide, 
stabilized zirconia, alumina + 
chromium, Ni-bonded titanium car-
bide, boron carbide, silicon carbide, 
zirconium carbide, zirconium dibo-
ride, molybdenum disilicide and 
nickel aluminide. 

REFERENCE 
(1) S. M. Lang, Properties of High-

Temperature Ceramics and Cermets, Elas-
ticity and Density at Room Temperature, 
National Bureau of Standards Monograph 
6, March 1, 1960. 

Solventless Resin 
SILICONES Division, Union Carbide 
Corporation, announces that its 
solventless silicone resin for high 
temperature insulation is now com-
mercially available. Formerly mar-
keted under the experimental desig-
nation Y-2090, it is now sold as. 
XR-65 Silicone. 
The silicone is used commercially 

in the manufacture of glass rein-
forced spacer bars for transform-
ers. It can be used for form-wound. 
coil impregnation, for lamination 
using wet lay-up techniques, and 
for potting and encapsulation. 

This material can be effectively 
used for lamination of glass cloth 
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using wet lay-up techniques, such 
as are common in the polyester and 
epoxy fields. This technique gives 
a new degree of freedom for the 
fabrication of both simple and com-
plex shapes for high temperature 
service where high pressure lami-
nating equipment is not available. 
It is a 100 percent reactive silicone 
resin. In addition, it can be com-
bined with organic monomers to 
provide tailor-made insulating 
resins. 
The need for solvent removal dur-

ing curing is eliminated by its use. 
This advantage has already led to 
important forward steps in the 
manufacture of spacer bars for 
high temperature service by a con-
tinuous process developed by Poly-
glas Division of Pittsburgh Elec-
trical Insulation Company. 

"This process was not possible 
until the development of a new sol-
ventless resin which eliminates the 
need for removal of volatiles during 
cure," R. D. Kidney, of Polyglas 
Division of P. E. I. and F. W. 
Bailey, of Union Carbide, said in 
a paper delivered at the Second 
National Conference on the Appli-
cation of Electrical Insulation, held 
in Washington last December. 

Polyglas bars were adopted by 
the I-T-E Circuit Breaker Company 
of Philadelphia for their new line 
of transformers. 

Flue Dust Used 
To Make Germanium 

VIENNA, AUSTRIA—The staff of the 
Raw Materials Institute at Kutna 
Hora (Czechoslovakia) established 
only a year ago, has developed a 
new method for the production of 
germanium from the flue dusts of 
certain types of Czechoslovak coal. 
The method will be introduced in 
industrial production soon. Czecho-
slovakia has so far had to import 
germanium, which is mainly used 
for the production of transistors, 
according to CTK, the Czech State 
News Agency stated. 
The construction of a plant for 

the production of transistors, is be-
ing completed in Benesov, near 
Prague. Part of the plant, which 
will employ mainly women, will be 
put into operation during the sec-
ond half of this year. 1 

BRYANT offers.. 

Storage at 

less than 
Ve per bit! 

—with the Bryant 18.5" diameter 
Magnetic Storage Drum 

Standard operating parameters include: 
• Bit repetition rate over 200 KC (RZ) 
• Dynamic runout: less than .0002" T.I.R. 
• Range: 600 RPM to 1800 RPM • Number 
of tracks: 825 • Bits per track: 7500 
• Design life: over 3 years at 1800 RPM 

Write today for data and specifications on 
this and other Bryant Standard Magnetic 

Storage Drums. BRYANT COMPUTER 
PRODUCTS DIVISION, P. 0. Box 620, 

Springfield, Vermont. 
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PRODUCTION TECHNIQUES 

Boat Loader Boosts Transistor Production 
By W. T. SHINN, Mechanization Section Head, Semiconductor Division, Raytheon Co., Newton, Mass. 

Loading machine stations (left to right) are: boat magazine, emitter, 
base tab, crystal, cover and collector feeders. Attendant holds container 
of emitter spheres 

THIS DIVISION is converting to auto-
mated production of its medium 
frequency pup germanium transis-
tors. Besides direct savings in 
labor, reliability is greatly im-
proved by the changeover from 
manual methods. In addition, the 
equipment is readily adaptable to 
production of other transistors. 

First stage in the production line 
are automatic alloy boat loaders. 
Manual loading methods formerly 
used to produce alloy junction 
transistors required a great deal of 
patience and skill from operators. 
The new loaders need only an ob-
server to monitor operation. Filled 
and covered boats are prepared at 
a rate of 2,500 transistors an hour. 

Three loaders are in operation, 
with others under construction. 
Some of the succeeding production 
steps are also automated and equip-
ment for other steps is in design 
and development. Provision is 
made for automatic testing, sorting 
and reprocessing of individual units 
throughout the line. Carrier and 
boat design allows automatic re-
moval and replacement of individ-
ual units, or batch processing of 
entire carrier loads. Close spacing 
of cavities in boats and carriers 

Boats being fed through feeding 
stations along track 

permits rapid machine transfer 
from, cavity to cavity. 
A line of multicavity boats are 

indexed through stations where 
parts of the transistor subassembly 
are fed and positioned. The cavi-
ties are uniformly spaced in a 
single row. Transistor base taba 
extend beyond the side of the boat, 
providing a handle for further 
automatic processing. The boat 
cover helps position the parts and 
protects the base tab extension. 
Empty boats are fed from a 

magazine. The transfer bar has a 
series of pins, each of which pushes 
a boat along a guided path. The 
bar is indexed in single-cavity in-

crements, positioning the boat 
cavities in feeding stations. The 
stations are spaced at multiples of 
boat lengths and feed correspond-
ing cavities simultaneously. 

Each boat is completely filled at 
a feeder station. While the last 
cavity in a boat is being filled, the 
transfer rotates 90 degrees to 
swing down the transfer pins. The 
bar then returns and rotates back, 
bringing the pins in position to 
pick up the next boat. The arrange-
ment assures maximum accuracy in 
parts positioning since each feeder 
always has the boat it is filling 
positioned by the same pin. 
The transfer bar is advanced for 

1 of the machine cycle in a modified 
harmonic motion. The bar is in-
dexed by an arm engaged in a rack 
on the bottom of the bar. The arm 
is engaged for I of every other 
revolution of its driving eccentric. 
The emitter, a 0.009 inch indium 

sphere, is fed first. Such small, 
soft spheres tend to adhere to most 
materials, making a conventional 
escapement difficult to use. The 
feeder developed for Raytheon's 
machine has a cavity into which a 
single sphere is isolated by a 
vacuum system. The sphere is 
pneumatically directed into the boat 
cavity through a tube. 

Base tabs are fed from a s con-
tinuous coil of prestamped tin-clad 
nickel ribbon. The ribbo is fed, 
tinned side up, over the b t cavity 
by a hitch-feed mechanism. The 
mechanism engages a prestamped 
reference surface of the tab to 

I 

Closeup of carbon boats and covers 
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Consistently Dependable Capacitors 

e 
TINY MIKE 

Cornell-Dubilier's 
low-Inductance 
ceramic-disc 
capacitor 
for 
transistorized 
applications 

Tiny Mike miniature ceramic disc capacitors are 
designed to meet the limited-space, low-voltage require-
ments of portable transistorized radios and a wide va-
riety of other miniature battery -powered and line-
powered equipment. Especially applicable for bypass 
and coupling use, their tough phenolic coating and high-
temperature wax impregnation provide excellent insula-
tion, protect against high humidity and severe vibra-
tion. Immediately available in production quantities. 

For detailed information and engineering assistance, 
write for Bulletin SEB-2 to Cornell-Dubilier Electric 
Corporation, South Plainfield, New Jersey. Manufac-
turers of consistently dependable capacitors, filters and 

CDÉ CORNELL— DUBILIER 

networks for electronics, thermonucleonics, broadcasting 
and utility use for 50 years. 

SPECIFICATIONS AND FEATURES 

Capacitance values available: .005, .01, .02..08, and .1 led. 

Diameters: .350" to .625" 

Working Voltage: 50 VDC 

Crimped and Straight-Cut Leads for Automation. These units 
are available in 600 and 1000 VDCW ratings on types C, JA, JB, 
JC, BYA and other general purpose capacitors. Leads are accu-
rately spaced for easy insertion into printed wiring boards. 
Crimped leads prevent bottoming on printed wtring boards, as-
suring positive contact for soldering. Straight-cut leads save 
height off the board and may be inserted to circumference of disc. 
Controlled phenolic dip avoids "rundown" of the phenolic on 
straight-cut leads. Assures always-uniform soldered connections. 

ELECTRIC CORPORATION 

AFFILIATED WITH FEDERAL PACIFIC ELECTRIC COMPANY 
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save costs, save labor, save design time with 

SORENSEÑ "SOLDER-INS" I 
Miniature transistorized, component-type power-packs 

• DC-to-DC Converters (eries QC). DC-to-AC Inverters 

(Series QI) • Highly-regulated D-C Supplies (Series QM) 

MORE THAN 180 MODELS! 

II If you have 117 vac, 60 or 400 cps, available, and need 3-36 vdc regu-
lated to -2:0.05% ... • If you have available standard 6-, 12-, or 28-volt 
d-c sources and ... U If you need 115 vac, 60 cps, at up to 200 watts,, 
or ... U If you need 115 vac, 400 cps, at up to 240 watts, or ... • If you 
need d-c voltage in the range 30 to 1000 vdc 

Then you should get complete data on Sorensen miniature transis-
torized dc-to-ac inverters (Series QI), dc-to-dc converters (Series QC) 
and highly-regulated supplies (Series QM). They're completely tubeless; 
no moving parts. They can replace vibrator-type supplies, rotary inverters 
or dynamotors—with greatly reduced weight, size, complexity, and cost. 

Write for bulletins on 
these compact, low-cost 
power sources, or see your 
Sorensen representative. 
Sorensen & Company, Rich-
ards Avenue, South Norwalk, 
Connecticut. 9.40 

CONTROLLED 

POWER oeuZei4e,vt--
PRODUCTS 

... the widest line lets you make the wisest choice 

assure accurate positioning without 
cumulative error. A finger guides 
and presses the ribbon into the 
cavity. The ribbon is sheared, 
forming a tab. The emitter sphere 
is within a hole in the base tab. 
A germanium crystal, 0.045 inch 

square by 0.0025 inch thick is next 
placed over the hole in the tab. A 
rotating dish inclined at about 30 
degrees from horizontal contains 
square recesses located in a circular 
array. Each recess is wide enough 
to contain and orient crystals lying 
flat and is deep enough for several 
crystals. The dish, partly filled 

Pneumatic tube feeds emitter 
spheres into boat cavity 

Base tabs being punched from rib-
bon and placed in boat. Sc,•ap take-
up reel is at upper left 

with crystals, is indexed about its 
center. As each recess passes 
beneath the crystals, it receives 
several crystals and carries them 
to the top of its path. A vacuum 
capillary pickup, mounted on an 
arm, removes the top crystal and 
deposits it in the boat. 
The boat then passes under the 

cover storage magazine. Vertical 
slides at each end of the magazine 
carry pairs of metal fingers. When 
the slides are up, the fingers grasp 
the bottom cover and the gate is 
opened. The fingers are lowered by 
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Crystals are deposited in cavity by 
vacuum pickup arm at right 

Filling cover magazine. Track at 
right carries loaded boats to alloy-
ing furnace 

the slides, carrying the cover down, 
and the gate closes. The fingers 
put the cover on the boat. The 
cover is slotted to provide a spring-
loaded fit with the boat. Another 
set of spring-loaded fingers seats 
the cover. 

Indium collector spheres are fed 
with a mechanism similar to that 
used for emitter spheres. Tapered 
holes in the boat cover locate the 
spheres on the crystals. Since 
additional weights or plungers are 
not required in production of this 
transistor, the boat is ready for 
the alloying furnace. 

Filter Tape Monitors 
High-Purity Water 

SOLIDS CONCENTRATION in high-
pu rity rinse water can be monitored 
with an instrument developed by 
Graver Water Conditioning Co., 
New York, N. Y. A measured 

• amount of water is passed through 
a Millipore filter. The degree of 
discoloration of a portion of the 
tape indicates the amount of trace 
contaminates. Further identifica-
tion of the contaminates can be 
made by analysis. The filter tape is 
backed by nylon, so samples can be 
taken in sequence. The time each 
sample is taken is printed on the 
tape. 

nir p gnu 
panels 

rn 

... A New electronic 
; Cooling Concept for Design Engineers 

controls and prevent 
0 

2 4‘1,'4.4`t"01%4 
OT SPOT failures! M  

This revolutionary cooling panel has been developed by 
incorporating a unique heat exchanger design with our high 
performance POWAIR blower series. 

Why cool an entire cabinet when only individual com-
ponents need cooling? Pin point the required amount of cool-
ing air directly to the components with a Dean & Benson 
CONTROLLED AIR PLENUM PANEL. See how this 2 for I 
panel not only provides efficient cooling but also acts as your 
cabinet, panel or chassis. 

Request a demonstration today for your engineering group. 

DEAN & BENSON RESEARCH 
Division of Benson Manufacturing Co., Kansas City 1, Mo. 
• Blowers • Heat Exchangers • Cooling Systems 
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New On The Market 

Component Holders 
PRESS INTO BOARD 

PROTECTION FOR tantalum capacitors 
is afforded by snap-fit nylon compo-
nent holders, manufactured by In-
dustrial Devices, Inc., 982 River 
Rd., Edgewater, N. J. 
Known as Cap-Sure holders, the 

units are light in weight and low 
in cost. They are installed by press-
ing into the mounting board. The 
tantalum capacitor snaps into the 
holder. Moisture trapping mount-
ing holes are eliminated and mini-
mum board space is needed. 
The units will withstand over 30 

lb pull-out from the mounting 
board over a —55 to 125 C tempera-
ture range and will hold the capaci-

Tunnel Diodes 
GERMANIUM DENDRITES 

PROTOTYPE sample quantities of 
dendritic tunnel diodes are now 
available from Westinghouse Elec-
tric Corp., Box 2278, Pittsburgh, 
Pa. These devices are suited for 
applications in logic, switching and 
computer circuits where faster 
switching times than those possible 
with transistors are required. 
The new diodes have a typical 

tor securely under temperature, 
humidity and vibration extremes. 

Model 1470, for 9/32-in, diameter 
components, is 5/16-in. long, 0.398-
in. wide and weighs less than 1 
gram ; model 1471, for 3/8-in, diam-
eter components is 3/8 in. long, 
0.483 in. wide and weighs under 
1.3 grams. Both are available for 
either 0.136 or 0.172 dia. mounting 
holes. 

Model 1470 is priced at $.85 and 
model 1471 at $.105 in production 
quantities. Delivery from stock for 
small quantities. 

CIRCLE 301 ON READER SERVICE CARD 

peak-to-valley ratio of 8 to 1 and 
operate at high frequencies. Other 
ratings include: forward current 
25 ma ; reverse current 25 ma ; dis-
sipation 50 mw; junction tempera-
ture 100 deg. C. 

These tunnel diodes (type WX-
822) are made of germanium grown 
by the dendritic crystal process 
that produces uniform strips of 

material in the exact form in which 
it is used. This process permits 
greater utilization of high cost 
semiconductor crystal, and as a re-
sult, it has been possible to intro-
duce this new device at a low price. 

Prices of the type WX822 germa-
nium tunnel diodes will depend on 
type and quantity ordered, and will 
range from $4.00 to $5.50 per unit 
in quantities up to 24; from $3.20 
to $4.00 for 25 or more. 
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Image Intensifier 
INCREASED AMPLIFICATION 

IMAGE intensifier tube for x-ray 
work with 300 percent increase in 
amplification over presently avail-
able tubes is announced by Machlett 
Laboratories, 1063 Hope Street, 
Springdale, Conn., a subsidiary of 
Raytheon Co. 

The tube can increase the bright-
ness of a fluoroscopic screen 3,000 
times and, when used with the 
Dynamax 50 grid-controlled x-ray 
tube, makes possible x-ray movies 
of the heart and other body proc-
esses with less than one fourth of 
previously required exposure. 

Both the input screen and the 
photocathode structure of the ML-
9421 image intensifier tube are 
multilayered. The primary coating 
is a zinc-sulphide silver-activated 
phosphor that produces the initial 
light image. The photoemissive 
layer accepts this light energy and 
converts it into electrons which are 
accelerated toward and focused 
upon a fluorescent output screen. 
The brightened smaller image 

126 JUNE 24, 1960 • electronics 



space 
  can be   
expensive 

in instrumentation tape recorders, 
as anywhere else, 

space costs money 
PRECISION recorders save money. They offer 

full-size performance, in less than 1,4 the space... 
they use less power... they cost less to operate 

and maintain...and they cost less initially. 
They give you flexibility, for rack mounting or 

portable use, with up to 14 channels of analog 
or 16 channels of digital solid-state electronics. 

Write for detailed new brochure 55A. 

• 

PRECISION INSTRUMENT COMPANY 

1011 COMMERCIAL STREET • 

Phone LYtell 1 - 4441 

SAN CARLOS • CALIFORNIA 

• TWX: SCAR BEL 30 
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may be viewed directly, recorded on 
film, or monitored by a television 
system. 
Using a 9-inch input screen, the 

ML-9421 has a minification factor 
of 8.7 and delivers the picture on 
a screen one inch in diameter with 

Unique Rate Converter 
TRIGGERS OSCILLOSCOPES 

CONVENTIONAL and sampling os-
cilloscopes can be triggered at rates 
up to 300 Mc using a trigger rate 
converter manufactured by Luma-
tron Electronics, Inc., 116 County 
Courthouse Road, New Hyde Park, 
L. I., New York. The model 602 
makes it possible to view sine 
waves up to 60 Mc on 30 Mc oscil-
loscopes, and to view waveforms 
recurring at 300 Mc on ultrahigh 
speed oscilloscopes which, by them-
selves, can handle only much lower 
trigger rates. 
The model 602 generates pulses 

of nanosec rise times at a 50 Kc 
repetition rate. These pulses are 
synchronous with the input signal. 
By connecting the model 602 be-
tween the trigger source and the 
external trigger input of a conven-
tional oscilloscope, the oscilloscope 
will trigger with excellent stability 

Needle Thermistor Probe 
SPRING LOADED GUIDE 

LINE of retractable, through-sur-
face probe tips for making tem-
perature readings at desired depths 
of nonrigid masses such as chemi-
cals, plastics and rubber is an-
nounced by Atkins Technical, Inc., 
1276 W. Third St., Cleveland, Ohio. 
The sensitive needle tip of the 

probe is protected within a sheath 
when not in use. When temperature 
readings are desired, the user turns 

a brightness amplification of 3,000 
times. Minimum contrast is 4 per-
cent and minimum definition is 40 
line pairs per inch. 
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at rates exceeding the oscilloscope 
manufacturers' specifications. 
The instrument is fully transis-

torized and fits on top of typical 
oscilloscopes. It is 3& in. high, 13 
in. wide and 10 in. deep. 

Only one control is used for input 
frequencies below 30 Mc. A second 
control tunes the unit to the higher 
frequencies. When using the model 
602, the trigger controls of the os-
cilloscope become so stable that vir-
tually no readjustment is needed 
after the initial setting. 

Price is $440, including a built-in 
transistorized and regulated power 
supply. The Model 603 (with an 
additional low frequency output at 
approximately 700 cps) is priced at 
$480. The units are available for 
prompt delivery. 
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a dial selector on the probe. This 
permits insertion of the tip into 
nonrigid masses to the proper depth 
to obtain an accurate temperature 
reading. On withdrawing the needle 
the combination adjustable stop 
and needle sheath protects the user 
and the needle against damage. 
The nonrigid mass measuring 

probes are water tight and abrasion 
proof and are designed for use with 
Atkins A+ Thermophil instru-
ments covering —150 to 410 F tem-
perature on multiple scales. The 

model 4412 instrument measures 
from 32 to 410 F on three scales. 
Readings are to 1 deg and accuracy 
is within 0.2 percent for the first 
third of the total 390 deg range. 

Accuracy at the extreme point is 
within 0.7 percent. Portable models 
using standard dry cell batteries, 
and a-c powered models, are avail-
able. 
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Power Density Meter 
LIGHT AND PORTABLE 

A DIRECT READING meter, used with 
one of three constant gain cali-
brated probes, permits speedy and 
precise determination of r-f power 
density. Designated model NF-157, 
and made by Empire Devices Prod-
ucts Corp., Amsterdam, New York, 
the broadband indicating device is 
capable of reading power density 
from 0.1 mw per sq. cm. 

Using small batteries as a power 
source, the basic unit weighs ten 
pounds; physical separation of 
probes from the main unit in-
creases the applications. Applica-
tions include: indication of person-
nel safety in high density r-f fields; 
near-field intensity measurements; 
measurement of absolute power 
from 0.1 mw to 2 w; the detection 
of hot spots and leakage near an-
tennas, feeds and other high-power 
components. 

In operation, power densities are 
converted by the probes to corre-
sponding power levels in watts, 
then fed to an attenuator as selected 
by the power level setting. Attenu-
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Microwave Component News from SYLVAN.TA 

Millimeter 

devices 
now available 
in six 
product lines 

SMALLER, LIGHTER 
BACKWARD-WAVE OSCILLATOR 

Type BW-1757 delivers up to 15 mw from 
26.5-41 kmc in a streamlined new pack-
age. Also available are types from 18 to 
26.5 and 40 to 75 kmc. BWO's above 
75-100 kmc are in development. 

FERRITE CIRCULATORS AND ISOLATORS 

In production at Sylvania are Tee circu-
lators and waveguide isolators in the 18 
to 26 kilomegacycle range. Development 
programs are under way for devices above 
26 kmc. 

MAGNETRONS DELIVERING UP TO 
100 KILOWATTS 

Sylvania's line of rugged Ka-band magne-
trons have output powers from 20 to 100 
kw. K-band type M-4154 delivers 55 kw. 
Samples are available of new, rugged 
Ka-band type M-4218, weighing only 4V2 
pounds. Techniques are available for de-
velopment of types to 100 kilomegacycles. 

NEW WAVEGUIDE WINDOWS AVAILABLE 
Sylvania is now producing two new wave-
guide windows in K and Ka bands, with 
flanged mica windows: 

Type WG-4224 18 to 26 KMC 
Type WG-4223 26 to 40 KMC 

SYLVANIA TR AND ATR TUBES 
Sylvania-developed TR and ATR tubes 
for Ka-band operation are available with 
power handling capability up to 100 kw. 

IN THE DEVELOPMENTAL STAGE: 
Sylvania has proved research and devel-
opment capability for 0 and M type 
devices. One of the important projects 
now programmed at Sylvania's Bayside 
Physics Laboratory is a harmonic gener-
ator in the 200 to 400 kmc range which 
takes advantage of the non-linear con-
ductivity characteristics of Germanium. 
And the Bayside labs are at work on the 
Tornadotron, with which 0.1 MM will be 
reached; millimeter amplifiers are also in 
development. 

For further information write Sylvania 
Special Tube Operations, 500 Evelyn Ave., 
Mountain View, California, indicating the 
product lines in which you are interested. 

SYLVAN 
subseary of GENERAL TELEPHONE el' ELECTRON/CS GENERA)L gall 

SYSTEM 
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ated power is measured by a therm-
istor element in a temperature 
compensated d-c bridge. Power 
density is shown directly. A self-
calibration feature permits check-
ing zero balance and bridge sensi-
tivity at all times. 
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Sensitive Accelerometer 
MEASURES TO 0.0025 G 

SENSITIVITY of 100 millivolts peak 
per g peak is obtainable for low-
level g measurement and vibration 
studies with the model 408 accelero-
meter announced by Columbia Re-
search Laboratories, MacDade Blvd. 
and Bullens Lane, Woodlyne, Pa. 

The accelerometer has a case de-
sign that permits operation with 
minimum spurious response in high 
intensity noise fields of 160 db and 
other nonvibrational environments. 
Maximum acceleration is 10,000 g, 
frequency response is from 1 cps 
to 3 Kc with resonant frequency at 
55 Kc and amplitude linearity is 
plus or minus 1 percent. Tempera-
ture range is —65 to 300 F for 
standard units; —65 to 500 F for 
high temperature units, with less 
than ±-10 percent variation in sen-
sitivity throughout both tempera-
ture ranges. 

Case is a stainless-steel î in. hex-
agon 0.45 in. high with a threaded 
mounting stud on the underside of 
the case; unit weight is 23.5 grams. 
The model 408 can be furnished 
with its seismic element electrically 
insulated from the metal case. 
The unit is available on two-week 

delivery at single unit price of 
$160, decreasing to $136 each for 
50 units. 
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Angular Motion Transducer 
LOW REACTION FORCE 

CONVERSION to voltage of angular 
motion up to plus or minus 40 deg 
with better than 0.25 percent 
linearity is available with the Met-
risite transducer. This device op-
erates at 60 cps. Designated type 
34A, the unit is available from 
Brush Instruments, division of 
Clevite Corp., 37th and Perkins, 
Cleveland, Ohio. 
The transducer is designed for 

measurements of high accuracy 

'X' OlLY lar HIDE 

44 Another ECTRODL. First 

SPELIROt 11ECIROlgitCS OVASNOW., 
c.M.Itti.R CO0.9. St‘14 Gilk1M11., 

• • 4. 

(Diallyl Iso-Phthalate) 
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under rugged environmental con-
ditions in both industrial and mili-
tary applications. 
A small force will move the ar-

mature since only bearing friction 
need be overcome. Reactive force 
is negligible—about 9 milligram cm 
per degree. Scale factor is 0.57 volt 
rms per deg. Null is less than 0.1 
volt. Size is 3 by 2i by 14 inches; 
weight is 20 oz. 
The device has a three-legged 

magnetic core with an electrical 
coil around each leg. Identical sec-
ondary coils are connected in series 
opposition. 
The center leg has an air gap in 

which a small lightweight, nonmag-
netic armature moves. When an 
alternating-current input energizes 
the center primary coil, a magnetic 
field is set up in both loops of the 
core which induces a voltage in the 
outer secondary coils. 

With the armature at dead cen-
ter the magnetic fields are symmet-
rical and the induced voltages in 
the secondary coils are equally op-
posed. Output is zero. 

Movement of the armature pro-
duces an imbalance of the two mag-
netic fields which results in an 
output signal directly proportional 
to armature movement. 
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Low Current SCR's 
GLASS-TOP DESIGN 

GENERAL ELECTRIC CO., Charles 
Building, Liverpool, N. Y. General 
applications of the new line of sili-
con controlled rectifiers are ex-
pected in circuits for pulse and 
phase controlling d-c output as well 
as power inversion. Featuring a 
glass-top design, the scr's are 
specially engineered for a long 
creepage path, an important con-

sideration when the device is op-
erating at high voltages and high 
altitudes. Eight models are avail-
able. They differ by repetitive piv 
ratings, which range from 25-v for 
the ClOU to 400 v for the ClOD. 
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Frequency Meters 
EXPANDED-SCALE 

AIRPAX ELECTRONICS INC., Sem-
inole Division, Fort Lauderdale, 
Fla. For highly accurate measure-
ment of 400 and 60 cps power fre-
quencies, these expanded-scale fre-
quency meters are said to provide 
an exceptional degree of reliability 
and readability. Accuracy of fre-
quency indication is 0.1 percent. 
These display type panel meters 
feature a combination pointer and 
a 41 in. anti-parallax mirrored 
scale for precision measurement 
and elimination of reading errors. 
Meters are also available for non-
standard ranges having a center 
frequency as high as 100 Kc and an 

. fore 3IE I:7G COIL. 

We haven't thought of a short, catchy name yet for 
Diallyl Iso-Phthalate, but maybe that's not too impor-
tant. We'll be happy if you remember that this rugged 
new body for Spectrol pots is tougher than any other 
known plastic pot casing. 

Essentially, Diallyl Iso-Phthalate consists of glass 
fibers suspended in plastic and molded under pressure. 
It has the following special characteristics: 

Absorbs virtually no moisture. 

Maintains dimensional stability under 
typical military environments. 
Has high insulation resistance. 

Withstands temperatures to 450°F. 

This is a big improvement over previous plastic bodies. 
Accordingly, we have made Diallyl Iso-Phthalate 
casings available in many models in the broad Spectrol 
line. Your Spectrol rep has details, or just drop us a 
line at the factory. 

NEW ENGINEERING AID 
Have you received your pot selector chart? 
Suitable for wall mounting, this 24" x 30" 
chart contains complete and easily read 
specifications on 37 standard models of single 
and multi-turn precision potentiometers and 
three models of turns indicating dials (Multi-
dials). For your free copy, contact your 
Spectrol engineering representative or write us 
direct. Please address Dept. 42. 

ELECTRONICS CORPORATION 

• 1710 SOUTH DEL MAR AVENUE, SAN GABRIEL, CALIFORNIA 

• 1250 SHAMES DRIVE, WESTBURY, L. I., NEW YORK 

25 
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• ENGINEERING 

ON BENDIX COMPONENTS 

DIRECTIONAL VERTICAL FREE 

BASIC WAY TO CUT GYRO COSTS 
ADAPTABILITY OF BASIC BENDIX 
GYRO STRUCTURE BYPASSES 
EXTENSIVE DESIGN EXPENSE 

There's a good possibility that our 
family of miniature vertical, free, and 
directional gyros can save you money. 
That's because they all have a basic 
gyro structure which—through proper 
orientation in case and proper selection 
of synchros, torquers, etc.—can answer 
many specific problems without the 
need of extensive design, development, 
and tooling cost. 
These flexible gyros are self-contained, 

require no erection amplifier, and are 
highly adaptable in Radar Stabilization 

Systems, Guidance Control Systems, 
Bombing and Navigation Systems, and 
other such uses. 

FEATURES: 
• Operating life-1000 hours. 
• Weighs less than four pounds. 

• Electrolytic switches insure precise 
erection, long service life. 

• Normal erection rate is 2°/min. 
with fast erection up to 120 °/min. 

• Flexible mounting—hard mount or 
vibration isolation. 

To find out what these basic gyros can 
save you, write: 

Eclipse-Pioneer Division 
Teterboro, N. J. 

7ignee 
CORP,A 4 

District Offices: Burbank and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D. C. 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 

expansion as narrow as -±-5 percent 
around the center frequency. 
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L-V Capacitors 
HIGH RELIABILITY 

DEARBORN ELECTRONIC LABORATO-

RIES, INC., 1421 North Wells St., 
Chicago 10, Ill. Subminiature 50 
and 100 y capacitors for transistor 
circuitry are designed to meet 
reliability requirements of speci-
fications MIL-C-14157B and MIL-
C-26244 (USAF). They are light-
weight, small and real space savers 
with quality assurance guaranteed. 
Capacitance ranges from 0.001 iLf 
to 1.0 icf with an operating tem-
perature range of — 55 C to -F 125 
C. Capacitance tolerance is ±- 10 
percent, however -± 5 percent is 
available on request. 
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Film Potentiometers 
LOW-NOISE 

COMPUTER INSTRUMENTS CORP., 92 
Madison Ave., Hempstead, L. I., 
N. Y. New potentiometers, avail-
able in diameters from à in. to 5 
in. and linearities to 0.015 percent, 
are engineered around a smooth, 
stepless, infinite resolution hard 
carbon film element. Quality of this 
element is such that less than 0.1 
percent of the excitation voltage 
appears in the output as noise. Also 
featured are multi-million cycle 
life, operation at video frequencies, 
MIL-spec design and rotational 
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speeds to 1,000 rpm. Pots are avail-
able with linear or nonlinear out-
puts to a conformity ten times 
better than that available in com-
parable wire-wound units. 
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Memory Core Stacks 
BOXED 50 MIL O-D 

FERROXCUBE CORP. OF AMERICA, Sau-

gerties, N. Y., announces a com-
plete line of boxed 50 mil o-d 
memory core stacks for use in co-
incident current, transistorized 
computers. These stacks are avail-
able in any wiring configuration 
with switching times as low as 3/10 
iisec and drive currents as low as 
360 ma. Word range is from 256 to 
16,384 words. All cores are thor-
oughly checked prior to insertion 
in the memory and again follow-
ing assembly. 
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Pulse Power Calibrator 
X-BAND UNIT 

GENERAL COMMUNICATION CO., 667 
Beacon St., Boston 15, Mass. Model 
PCX-9 X-band pulse power cali-
brator covers the range of 8,500 Mc 
to 9,600 Mc, and is designed to 
measure the power of pulsed r-f 

signals above the level of 0.5 mw 
within an accuracy of -±0.5 db. A 
reference level is established each 
time the equipment is used. Ease 
of operation is assured by direct 
reading of power. Parallax and 
other instrumental errors are elimi-
nated by the notch and reference 
line display and built-in facilities 
eliminate the necessity for factory 
adjustment. 
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Transducers 
LINEAR DISPLACEMENT 

DAYTRONIC CORP., 225 S. Jefferson 
St., Dayton 2, Ohio. Accurate elec-
trical measurement of linear dis-
placement, motion, size, strain and 
similar mechanical phenomena with 
minimum transducer size and 
weight is achieved with the new 
series 103A transducers. Based on 
the differential transformer princi-
ple, the units offer resolution to 0.5 
pin., linear ranges to -± 0.100 in., 
and freedom from the wear and 
"noise" problems of potentiometer 
type transducers. Output is 3.0 mv 
per 0.001 in. per y of excitation. 
Diameter is in., length is 1:: in. 
Linearity is 0.25 percent. 
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Voltage Regulator 
STATIC-MAGNETIC 

SOLA ELECTRIC CO., 4633 W. 16th St., 
Chicago 50, III. New Solamatic line 
of static-magnetic voltage regu-

ENGINEERING 

ON OTHER BENDIX 
, COMPONENT PACKAGES 

AZIMUTH COUNTER 
Presents angular information in 1° 
Increments. 

These lightweight digital display 
counters, featuring stainless steel 
types, are readily adaptable to fire 
control devices, aircraft and industrial 
instrumentation uses. Counter wheel 
numerals are ,eii" high. They count in 
increments of 1° from 000° to 359° and 
repeat, with a cycle of operation 
infinitely repeatable and reversible. 
Available with either left-hand or right-
hand input shafts. Request details. 

SOLENOID TOGGLE SWITCH 
Corrosion-resistant unit for severe 
operating conditions. 

Developed for the severe environ-
mental conditions outlined in MIL-E-
5272A, this small, lightweight unit 
consists of a miniature micro-switch 
actuated by a toggle held in place by a 
solenoid-operated detent. In case of 
circuitry failure, the manually-oper-
ated toggle switch is returned to 
normal position automatically. Write 
for details. 

Manufacturers of 

GYROS • ROTATING COMPONENTS 

RADAR DEVICES • INSTRUMENTATION 

PACKAGED COMPONENTS 

Eclipse-Pioneer Division 

1,etrdei 

Teterboro, N. J. 
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jet 
tantalum 

foil 

electrolytic 
capacitors 

for 

HIGH 
RELIABILITY 

.1•••••\. Solid metal hermetic 
seal on negative end 
of polar units reduces 

chances of electrolyte leakage by 50%. 

Only one external butt 
weld on polar units 
minimizes possibility of 

lead wire breakage. (No weld on the 
negative end.) Leads on capacitors 
of Vie" O.D. and larger withstand 
3 lb. stress in any direction for 
30 min. Welds withstand at least 
four "round trip" bends. 

Internal Features. All electrical connections 

welded, for low resistance, low power factors. 
Capacitor section fits snugly into metal case, 

resulting in good vibration resistance. Plugged 

end of case is double-sealed with compressed 

bushing and tough resin. 

lei also supplies a full line of aluminum 

foil miniature and sub-miniature electrolytic 

capacitors. Write for bulletins 41858 and 81558. 
International Electronic Industries, Inc., Box 9036-N, 

Nashville, Tennessee. 

• • 

ANII COMPANY 

where reliability replaces probability 

lators is designed for three-phase 
circuits from 50 Kva to 2,000 Kva. 
Line is capable of serving very 
large machines, or entire bays or 
departments of commercial or in-
dustrial plants. Typical applications 
are in a-m, f-m, and tv broadcast 
stations. Units automatically and 
continuously deliver output voltage 
controlled within -'-. 1 percent un-
der line voltage variations as great 
as -± 10 percent. Response time is 
1.5 cycles or less. Regulation is 
maintained even during extremely 
fast load changes ranging between 
zero load and rated load as well as 
simultaneous changes in load power 
factor ranging between unity and 
85 percent lagging. Output is 
sinusoidal, with less than 5 percent 
total rms harmonic content at any 
load, making the regulator well-
suited to critical applications where 
harmonic-free supply is required. 
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Beam Pentode 

VARIED USES 

PENTA LABORATORIES, INC., 312 N. 
Nopal St.. Santa Barbara, Calif. 
The PL-4E27A beam pentode tube, 
suitable for use as an amplifier, 
modulator, or oscillator is now 
available. In Class-C service it will 
deliver over 400 w usable power out-
put with approximately 2 w driving 
power. As a Class-AB. linear am-
plifier, the tube will provide over 
260 w of usable power output. The 
tube has a plate dissipation rating 
of 125 w. Maximum plate voltage 
is 4,000 v, and maximum plate cur-
rent is 200 ma. Grid-screen mu 
factor is 5.0, and transconductance 
is 2.500 emhos. PL-4E27A maxi-
mum ratings apply to 75 Mc; 
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nuts 
and 
bolts 

As basic to construction as nuts and 
bolts, the fast pulse generator is a main-
stay in all phases of pulse circuitrydesign 
and development. 
Crosby-Teletronics' Model PG-200AA is 
a wide range, precision instrument 
which generates adjustable rectangular 
waveforms with fast rise and decaytimes. 
Accurately calibrated wide ranges of 
pulse duration, amplitude, recurrence 
rate and positioning are provided. The 
unit may be driven by an external sig-
nal of almost any waveform or may be 
operated self-synchronous. Either way, 
it furnishes a fast trigger to synchronize 
auxiliary equipment. 

Model PE-200AA 
Past-Pulse Generator-11850. 

Model POA-210 
Range Extender —11180. 

The PG-200AA provides calibrated pulse 
position and duration ranges of 0.1 to 
50 microseconds. With Range Extenders 
(Model PGA-210), both may be increased 
to 1000 microseconds. Write for oper-
ating data and specifications material. 

Crosby— 

Teletronics 

Corporation 

54 Kinkel Street, Westbury, L. I., N. Y. 
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MICROWAVE 
TUBE R&D 

The Electron Tube Division of Litton Industries 
has an international reputation for its capa-
bility in translating advanced concepts into 
microwave devices of high reliability. In part 
this is due to management by experienced engi-
neers and, as a design engineer here, you will 
have well qualified support people on your team. 
You will be working for a large company but... 
You will be working in a small group on the 

product of your choice —TWT's, Superpowered 
Klystrons, crossed field amplifiers, or other 
sophisticated microwave devices. 

Choose research or design and development, 
whichever field interests you most. 
The location is in the San Francisco Bay 

Area. Your children will belong to one of the 
nation's great elementary school systems. You, 
yourself, will be close to all the cultural activi-
ties of San Francisco, the Berkeley campus of 
the University of California, Stanford Univer-
sity, San Jose State College, and the University 
of Santa Clara. 

Openings exist for Senior, Project and Junior 
Engineers. Junior Engineers need have no ex-
perience beyond their baccalaureate in E.E. or 
Physics. 
We assist with relocation expenses. Interviews 

may be arranged by writing, or telephoning 
collect to: 

I. 

Mr. Thomas C. Pike 
960 Industrial Road 
San Carlos, California 

LYtell 1-8411 

LITTON INDUSTRIES 
Electron Tube Division 
San Carlos, California 

This 
unbreakable 

plastic 
utility box 

. . . is the lightweight, safe way to 
package and ship any mite-size product 
or family of products. It is reusable, too. 

In 17 sizes and compartment varia-
tions plus wide range of colors. Trans-
parent plastic utility boxes also available 
in 24 sizes and compartment variations. 

For new catalog, 

samples and prices, write to 

Some sales territories still available to qualified representatives. 

Canadian distributor TWINPAK, Ltd, 6525 Somerled Ave., Montreal, Quebec 
British affiliate. I-TO-I PLASTICS, Bridge Close, Romford, Essex, England 
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United States Testing 
Company offers a 

You can meet government accuracy require-
ments ...and get fast, one-stop calibration 
service in our Calibration Laboratory. 
Here's what you get: 

NEW 
CALIBRATION 
SERVICE 

•r. 

for 
* Electrical 
* Electronic 
* Temperature 

Instrumentation 

* Calibration Certificate — guarantees 
that test equipment has been com-
pared to standards periodically cer-
tified in terms of National Bureau 
of Standards References. 

* Calibration Data Sheet — a log of 

readings at various check points on 
the instrument scale. 

* Seal—attached to equipment...shows 
date of Certified Test of reference 
standard. 

* Tag—attached to equipment... shows 
date of last test and due date of 
next test. 

Ask about our Contract Calibration Service 
where we keep calibration records and 

remind you of due dates. If you are in the 
metropolitan area, our In-Plant Calibration 
Service can prevent a production stoppage. 
Why not write or phone for a calibration 
service to meet your needs. 

Send for free bulletin 
describing our services 

United States Testing Co., Inc. 
1415 Park Avenue, Hoboken, N. J. 

1 B Branch Laboratories UT" • tinwnvlitt • "L"3 • 0(00(0• "3"GELEs 
MEMPHIS • NEW YORK • PHILADELPHIA • TULSA 

136 CIRCLE 136 ON READER SERVICE CARD 

12 

The 
World's Most 
Diversified 
Independent 
Laboratory. 

forced-air cooling is not required, 
except at frequencies higher than 
75 Mc. or where the ambient tem-
perature is exceptionally high. 
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Thin Sheet Ceramic 
HIGH DIELECTRIC 

MULLENBACH DIVISION, Electric Ma-
chinery Mfg. Co., 2100 E. 2Yth St., 
Los Angeles 58, Calif., has available 
thin sheet ceramic in dielectric con-
stant ranges of 1.200, 1,600, 1.800, 
1,900 and 2,200 for capacitor manu-
facture or substrate applications. 
Capacitance varies only -±10 per-
cent for 1,200 K and -±-15 percent 
for higher values from —55 to 
+150 C. Leakage resistance 20,000 
megohm-µf. Stock thicknesses are 
from 3 to 10 mils with the extended 
range of 1.5 to 20 mils available. 
Breakdown voltage is 400 v/mil. 
Production quantity ceramic is 
available plain or silvered, in vari-
ous sizes. 
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Analog Computer 
ALL SOLID STATE 

SOUTHWESTERN INDUSTRIAL ELEC-

TRONICS CO., 10201 Westheimer, 
Houston 27, Texas. The CM-3 ana-
log computer provides continuous 
"real time" solutions for mathe-
matical computations and "real 
time" control of variables in the 
chemical, petrochemical, refining 
and process industries. It will in-
crease efficiency, product purity and 
overall profitability by eliminating 

human error in computation and/ 
or adjustment of set points, and by 
optimizing control conditions. A 
single CM-3 cabinet contains a 
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TELREX LABORATORIES P4 Ns1; IScerki toNs 
Designers and Manufacturers of 

COMMUNICATION ARRAYS 

FOR THE ARMED FORCES 

and Commercial Service 

"TRI-BAND " 
MODEL 

XCYST 
111420 

Power rating-
1.5 Kw.,100°.." A.M. 

Rotatable 
52 ohm 
Single-

Transmission-
Une Array 

(Higher ratings 
available) 

Specifications: 

Gain 11Mc.-8.0 db, F/B 24 db, E-Plane B-W 1/2Power-66° 
Gain 14MC.-8.4 db, F/B 24 db, E-Plane B-W 1/2Power-60° 
Gain 20Mc.-8.6 db, F/B 24 db, E-Plane B-W 1/2Power-56' 
Wind surface-13.36 sq. ft. Load at 100 mph.-423 lbs. 
Turning radius-23 ft. Container size-12"x12"x14' 
Antenna weight-160 lbs. Shipping weight 200 lbs. 
Antenna rated design with I/2" radial ice-110 mph. 

For information or 
to order, phone 

PRospect 5-7252 
or write 

Department Sc. 

WHEN 

4. 

'NULLS-PHASE-VOLTS COUNT 

Calibrated for 
easy assembly to 
specifications and 
center frequency 
of your choice. 
Custom Quality 
construction 
throughout. Sug-
gested rotator for 
above — Telrex 
Model 500-RIS. 

Also available: 
Over 172 off-the-
shelf fixed or ro-
tatable high-per-
formance arrays. 
7Mc. to 600Mc. 
Mono, Duo, Tri 
and MuJti-band 
individuoilly fed 
or single line 
feed, and me-
dium to extra 
heavy duty rota-
tor-indicator con-
trol systems, ro-
tated masts, and 
towers. 

• Telrex is 
equipped to design 
and supply to 
our specifications 
or yours, Broad-
band or single 
frequency, fixed or 
rotary arrays for 
commJnications, 
FM, TV, scatter-
propagation, etc. 

• Consultants 
and suppliers 
to communication 
firms, universities, 
propagation 
laboratories and 
the Armed Forces. 

Irex LABORATORIES and TV Antennas 

, 
Communication  

ASBURY PARK 25, NEW JERSEY, U.S.A. 
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specify NORTH ATLANTIC'S 
PHASE ANGLE VOLTMETER. 

"A )3tandando ifitieuetf 
FEATURES 

Direct reading 0-360°. no ambiguity. 
Imy to 300v full scale. 
VTVM operation to 50kc. 
10 microvolt null sensitivity. 
10 meg input impedance. 
Available in any frequency. 
Unaffected by harmonies with optional filters. 
Low noise. 
Signal and/or Reference Isolation. 

PLUG-IN ACCESSORIES, 

• Reference Isolation Module 

• Bridging Transformer Module 
• Summing Module 

---
MODEL 202BR 

VOLTAGE 
QUADRATURE 
IN-PHASE 
DEGREES 

N Q R.T *AWL ANTIC industriee, inc. 
603 main erect, westbury, n.y. Erigewood 4-1.at 

— — 

WITH THE REVOLUTIONARY 
PRODUCTION AID TOOL! 

"PIG-TAILOR"® 

Foot operated 
No accessories 
3 minute set up 

$125»00 
"PIG-TAILORING" 
o revolutionary new mechanical process for 
higher production at lower costs. Fastest 
PREPARATION and ASSEMBLY of Resistors, 
Capacitors, Dicides and all other axial lead 
components for TERMINAL BOARDS, PRINTED 
CIRCUITS and MINIATURIZED ASSEMBLIES. 

PIG-TAILORING eliminates: • Diagonal cutters 
• Long nose pliers • Operator judgment • 90% 
operator training time • Broken components • 
Broken leads • Short circuits from clippings • 
65% chassis handling • Excessive lead tautness 
• Haphazard assembly methods. 

PIG-TAILORING provides: • Uniform component 
position • Uniform marking exposure • Minia-
turization spacing control • "S" leads for termi-
nals • "U" leads for printed circuits . Individual 
cut and bend lengths • Better time/rate analysis 
• Closer cost control • Invaluable labor saving 
• Immediate cost recovery. 

Pays for itself in 2 weeks 

"SPIN-PIN"® 
Close-up views of 
"SPIN-PIN- illustrate 
fast assembly of 
tailored-lead wire to 
terminal. 

• No Training 
• No Pliers 

• No Clippings 
• Uniform Crimps 
• 22 Sizes 

PAYS FOR ITSELF 

THE FIRST DAY! 

$500 
EACH 

Write for illustrated book fo Dept. E-7 

BRUNO-NEW YORK INDUSTRIES CORP. 
DESIGNERS & MANUFACTURERS OF ELECTRONIC EQUIPMENT 

460 WEST 34th STREET • NEW YORK 1, N. Y. 
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Tarzian 
Type 

SARKES TARZIAN SILICON RECTIFIERS 
Mai 

Two series that combine 
small size with large capacity 

Here are two closely related series of high-performance Tarzian 
silicon rectifiers with oversized junctions capable of handling inrush 
currents far in excess of normal current requirements. Their 
stability and excellent thermal characteristics are due to careful 
selection of materials and close quality control. Their low cost is 
the result of typical Tarzian efficiency in volume production. 

F SERIES 

The Tarzian F Series now includes four silicon rectifiers... 
covering a current range pf from 200 to 750 milliamperes dc (to 85°C). 
Low forward drop and low reverse current are featured 
with positive environmental seal and axial leads. 

ADVANTAGES 

Small size • Low cost • Oversized junction 

Versatile mounting • Immediately available 

Max. Amps 
Recurrent Surge 
Peak (4MS) 

Amps. DC 
(85° C) Ply 

Max. 
RMS Volts 

2F4 .20 400 260 2.0 20 

F-2 .75 200 140 7.5 75 

F-4 .75 400 280 7.5 75 

F-6 -715 600 420 7.5 75 

H SERIES 
_L 
The Tarzian H Series includes six rectifiers rated at 750 milliamperes 
at 100°C. The H Series features hermetically sealed units with 
axial leads plus low forward drop and low reverse current. 

ADVANTAGES 

Small size • Low cost • Hermetically sealed 

Heavy duty junction • Available from stock 

Max. Amps 
Recurrent Surge 
Peak (4MS) 

Tarzlan 
Type 

Amps. DC 
(100 c) Ply 

Max. 
RMS Volts 

10H .75 100 70 

LO 
0
 
0
 :
LO 

LO 
ID 

75 

20 H .75 200 140 75 

30 H .75 300 210 75 

40 H .75 400 280 75 

50 H .75 500 350 75 

SO H .75 600 420 75 

For additional information, write Section 5023A. Sarkes Tarzian 
is a leading supplier of silicon, tube replacement, and selenium 
rectifiers. Practical application assistance is always available. 

) 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 Aurleme, Inc., New York 

SARKES TARZIAN, INC. 

maximum of 12 amplifiers, however 
there is no electronic limit to the 
number of amplifiers which can be 
used. Any number of amplifiers, 
square root and logarithmic net-
works may be specified according to 
functional requirements. 
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Subcarrier Oscillator 
PRECISION UNIT 

HOOVER ELECTRONICS CO., 110 West 
Timonium Road, Timonium, Md. 
Through the use of novel circuits, 
the model 10087 oscillator offers a 
linearity within 0.1 percent of band-
width, and a frequency and sensi-
tivity stability within 0.3 percent 
over the temperature range of 0 to 
85 C, and 0.6 percent over the tem-
perature range of —18 C to +100 C. 
This model is manufactured to 
IRIG standards and is available for 
channels 8 through 18 and A 
through E. 
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Missile Battery 
SILVER-ZINC 

YARDNEY ELECTRIC CORP., 40-50 
Leonard St., New York, N. Y. A 
miniaturized automatically acti-
vated silver-zinc battery that 
weighs only 4.25 lb, including case, 
heaters and activation mechanism, 
has been developed for missile ap-
plications. This 19-cell powerpack 
is 2.75 in. high, 5.07 in. wide and 
6 in. long. Rated at 1 ampere hour, 
the P-1542 is capable of being dis-
charged at 15 amperes for 3 min-
utes. It has an open-circuit voltage 
of 33-35 y and an operating voltage 
range of 26-33 v. It has a mini-
mum dry shelf life of 5 years, an 
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SAVE SPACE, WEIGHT AND MAINTENANCE 
with Versatile Compact MIL Spec Modules 
For your electronic :electromechanical packaging problems, 

consult Oster specialists. Compact, transistorized, MIL spec, 

hermetically sealed, plug-in modules are available for numer-

ous applications. 

Typical building block basic units are illustrated. Tempera-

ture range is —55'C to -I-105'C. Basic units can be modified 

GENERAL ENVIRONMENTAL CONDITIONS 

A. Temperature— 

B. Altitude— 

C. Humidity— 

D. Vibration--

E. Crash Safety— 

F. Salt Atmosphere— 

G. Fungus Growth— 

H. Sand and Dust— 

-55°C to +75°C 

—1000 Feet to +80,000 feet 

Section 4.4.3 of MIL-E-5272 

0.30 inch double excursion from 3 to 
18 cycles per second and ± 2 g. 
acceleration from 18 to 500 cycles. 
(Without vibration isolators) 

Repeated shocks of 30 g. with durations 
of 11 milliseconds 

Section 4.6.1 of MIL-E-5272 

Section 4.8.1 of MIL-E-5272 

Section 4.11.1 of MIL-E-5272 

TYPE 9805-20— 
SYNCHRONIZER 
Same as 9805-19 except Control 
Transformer Speed is 10 degrees/ 
second—Min. 

TYPE 9616-08—DEMODULATOR 
AMPLIFIER 

Input Impedance— 
Greater than 25,000 ohms 

Output Impedance-
2830 ohms (Dual) 

Voltage Gain— 
Greater than 115 

Supply Voltage-
28.0 D.C. 

Demodulator Amplifier 

easily or completely redesigned to your specific requirement. 

Oster engineers are specialists in creating densely packaged 

black boxes. These boxes can help you design more compact-

ness and less weight into your systems. Phone or write your 

nearest John Oster office today. 

GENERAL PERFORMANCE SPECIFICATIONS 

A. Gain Variation— 

B. Linearity— 

C. Noise— 

D. Phase Shift— 

Less than 10% due to any given parameter 
extreme variation. 

Better than 10% through the range of 3% to 
80% of full output. 

Less than 5% of maximum output 

Less than 8 degrees. 

TYPE 9805-19—SYNCHRONIZER 

Motor Control Phase-
40/20 volts, 1.7 watts, 400 
cycles 

Motor Reference Phase-
57.5 volts, 2.2 watts, 400 
cycles 

Generator Excitation-
57.5 volts, 3.0 watts, 400 
cycles 

Generator Output-
0.3 volts/1000 R.N.M. Min. 

Control Transformer Speed-
100 degrees/second-Min. 

Control Transformer— 
John Oster Mfg. Co. 4053-19 

Motor Generator— 
John Oster Mfg. Co. 6232-17 

TYPE 9616-07—SYNCHRONIZER 
AMPLIFIER 

Input Impedance— 
Greater than 50,000 ohms 

Voltage Gain— 
Greater than 250 

Load— 
Control Phase of Motor 
Generator of 9805-19 or 
9805-20 

Amplifier 

TYPE 9616-16-4-CHANNEI. 

ISOLATION AMPLIFIER 

Input Impedance-
1200 ohms per channel 

Voltage Gain— 
.98 ± .01 per channel 

Load Impedance-
1200 ohms per channel 

Supply Voltage-
48VDC 

4 -Channel Isolation Amplifier 

TYPE 9616-09—SERVO ACTUATOR 
AMPLIFIER 

TYPE 9616-15—RELAY 

AMPLIFIER 
TYPE 9616-06—SUMMING 

AMPLIFIER (DUAL) 

Input Impedance— Input Impedance— Summing Inputs— 
Greater than 50,000 ohms Greater than 15,000 ohms 10 (per channel) 

Output Impedance— ' Relay Closing Voltage— Gain-
400 ohms - 150-175 Millivolts, 400 . .T. Nominal 1.0; variable from 

Voltage Gain— cycles 0.1 to 10.0 

Greater than 900 Relay Opening Voltage— Input Impedance— 

Supply Voltages— 125-150 Millivolts, 400 ... Dependent on Summing 
100.0 volts D.C. cycles Channel. (50,000 ohms-
28.0 volts D.C. Relay Contacts— 500,000 ohms) 

4 Pole, Double Throw— Load Impedance— 
Dry Circuit summing Greater than 10,000 ohms 

Servo Actuator Amplifier Relay Amplifier Supply Voltage— AmPl'f'' Supply Voltage-
28.0 V. D.C. 28 V. D.C. 

MANUFACTURING CO. 
Specialists in instrumentation and Display 

Avionic Division 
Racine, Wisconsin 

OTHER PRODUCTS INCLUDE: 

Servos 
Synchros 
Resolvers 
Motor Tacha DC Motors Servo Torque Units 

Computers 
Indicators 
Servo Mechanisms 

EASTERN OFFICE 

310 Northern Blvd. 
Great Neck, Long Island, New York 
Phone: HUnter 7-9030 
TWX Great Neck N.Y. 2980 

WESTERN OFFICE 
5333 South Sepulveda Blvd, 
Culver City, California 
Phone: EXmont 1-5742 • UPton 0-1194 
TWX S. Mon. 7671 

Engineers For Advanced Projects: Interest-
ing varied work on designing transistor cir-
cuits and servo mechanisms. 

Contact Mr. Dallas Nielsen, Personnel Mana-
ger, in confidence. 
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IT r 
FLOATS! 

In Trio Labs' new 
Standard Laboratory 
AC VTVM ...the signal circuits 
are isolated from case and power 
circuits, to provide 

• floating measurements previously impractical 

• accurate voltage measurements to 5 cps 

• shock safety: case isolated from circuit under test 

The new Model 109-2 has 12 voltage ranges calibrated to RMS value of 
a sine wave: 0.001 to 300 VAC full scale, with frequency range of 
5-200,000 cps. Accuracy is -2:2% full scale. Can measure accurately to 
20 microvolts. Input impedance 10 megohms. Low distortion amplifier 
output voltage can be externally shorted without internal damage. 
Power: 105-125 VAC, 50-420 cps, 25 watts. Price: $220.00 
For free 36-page Engineering Guide, write to Dept. 

Precision electronic instruments for measurement and control. 

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

send for this 

EICO 
Electronics 
Catalog 

you save 50% on Top-Quality 
Test Instruments 

Hi -Fi • Ham Gear 

KITS AND WIRED 
for professional and home use 

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and 

sweep generators 
tube testers 
transistor tester 
vacuum tube 

voltmeters 
volt-ohm-

milliammeters 
LIFETIME service and calibration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog, 

HI-FI 
stereo and monaural 
tuners 
preamplifiers 
power amplifiers 
integrated amplifiers 
speaker systems 

HAM GEAR 
cw transmitter 
modulator-driver 
grid dip meter 

OVER 2 MILLION 
EICO instruments in 
use throughout 
the world. 

33-00 N. Blvd., L. I. C. 1, N. Y. 

... praised by the experts 
as BEST BUYS IN ELECTRONICS 

We tee». 
(12,. oseee. tee\ 

JONES 
SERIES 2400_ 

PLUGS st SOCKETS 
• Improved Socket 
Contacts — 4 individ-
ual flexing surfaces. 
Positive contact over 
practically their en-
tire length. 

• Cadmium plated 
Plug and Socket, Con-
tacts mounted in re. 
cessed pockets, great- P-2406-CCT 
ly increasing leakage 
distance. I N - 
CR EA SING 
VOLTAGE 
RATI NG 

• Interchangeable 
with 400 Series S-2406-SB 

Send for complete Catalog No. 22, Plugs. Sockets, 
Terminal Strips. 

HOWARD B. JONES DIVISION 
CINCO 11.1,11//ACIY1111.10 COMPANY 

CHICAGO 24. ILLINOIS 
D.VISIOPI 01. 1.111.-C•e• I ItSfehle• COUP 

operating temperature range of —35 
F to 165 F and a storage tempera-
ture range of —65 F to 165 F. 
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Digital Switch 
16-POSITION 

THE DIGITRAN CO., 660 So. Arroyo 
Parkway, Pasadena, Calif. Series 
7320 Digiswitch has 16 single-pole 
switching positions plus an off posi-
tion. It features in-line visual 
read-out, positive finger-detent 
operation, and modular construc-
tion which permits 4-to-1 savings 
in panel space. Optional features 
include color-coding of decades, in-
ternal lighting, and special dial 
characters. Life is 1,000,000 
counts. 
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D-C Power Supply 
HIGH VOLTAGE 

DEL ELECTRONICS CORP., 521 Home-
stead Ave., Mt. Vernon, N. Y. Model 
PSC30-5-1 has a d-c output of 35 
Kv at 1 ma and 30 Kv at 5 ma. The 
power supply features: no exposed 
h-v components; continuously ad-
justable from 5 percent to 115 per-
cent overvoltage and overcurrent 
relays; a zero-start interlock; and 
adjustment of the output voltage is 
accomplished by means of a variable 
transformer which is front panel 
mounted. Measuring 12 in. by 14 
in. by 12 in. deep and weighing 60 
lb, unit operates on 115 v, 60 cycles. 
Either negative or positive polar-
ity above ground may easily be ob-
tained by changing simple plug-in 
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IS YOUR 

BEST SOURCE 
FOR 

SOLDERING LUGS 

TERMINALS 
PRINTED CIRCUIT 

HARDWARE 

cee 

410 ee 

fCej)" \*..:14e it) 

,<e , 
, 
HERE'S WHY: 
• Specialized high production 
techniques afford lowest possible 
unit cost. 

• Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 

• Ample stocks of over 1000 differ-
ent parts permit prompt delivery. 

• Maleo specializes in a complete 
line of small stampings for Radio-
TV, electrical/electronic and auto-
motive industries. 

• Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 

Let Malco show you how you can save 
on production time and costs. Contact 
us today. 

REQUEST 

BULLETIN 

592 

111cacc MANUFACTURING COMPANY 
4023 W. LAKE ST. • CHICAGO 24, ILL. 
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internal connections. Ripple factor 
is less than 0.5 percent per ma rms. 
Instrumentation consists of two 41 
in. meters, a 3-range Kv meter and 
a 3-range ma meter. 
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Data Amplifier 
MINIATURIZED 

THE MIRA CORP., 2656 North Pasa-
dena Ave., Los Angeles 31, Calif., 
offers a miniaturized data amplifier 
with high input impedance for use 
in airborne instrumentation appli-
cations requiring the amplification 
of millivolt a-c signals. Model 3300 
is a high-gain, low-power device, 
employing silicon transistors to 
provide a gain stability of the order 
of :L-1 percent over the tempera-
ture range of —55 C to 100 C. 
Other models employing german-
ium transistors for use in tempera-
ture environment of —50 to 55 C 
available on request. Some typical 
applications of model 3300: in 
strain gage data systems, for syn-
chro position transmitter systems, 
and in servo-amplifier systems. 
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Micromodule Socket 
FOR P-C APPLICATION 

JETTRON PRODUCTS, INC., 56 Route 
10, Hanover, N. J. This socket is de-
signed to mount on a p-c board and 
is only 0.094 in. high. Micromo-
dules may be mounted on 0.400 
centers because the square dimen-
sion of the socket is 0.400 in. maxi-
mum. The insulating material is 
DIALL FS-5 and the contacts are 
heat treated beryllium copper, heav-
ily silver plated. The corner guide 
brackets are made of 18-8 stainless 
steel. Contact terminations are 
0.018 diameter wires, hot tin dipped 

unprecedented 

with ¼—½% accuracy 

TRUE 
RIMS 

VTVNI 

Exclusive from Trio Labs—laboratory pre-
cision measurement of complex waves 
with VTVM versatility . . . New Model 
120-1 overcomes the errors of spikes and 
harmonics in peak responding and aver-
age-reading meters (5% harmonics can 
effect errors as high as 1.7%) and of phase 
of harmonic shift in both types. Deflection 
is directly proportional to square of cur-
rent through dynamometer meter move-
ment — hence true RMS direct-readings. 
Incorporates laboratory-standard meter 
with 7-inch custom-calibrated mirror 
scale. Ranges: lONIV to 500. RMS volts 
full scale. Input Z: 1 meg. Freq. Response: 
50-2000 cps. Accuracy (above 50% elec-
trical deflection): 1/4% f. s. at 400 cps; 
1/2 % f. s. at all other frequencies. Power: 
115 VAC, 50-400 cps. Price: $985.00. 

Write for FREE 

"how-to" ENGINEERING GUIDE s 

on the complete line 

to Dept. EBG 

Trio laboratories, 

Plainview, L. I., N. Y. 

when ordinary instruments 
are too big or inadequate ... 

CIRCLE 141 ON READER SERVICE CARD 141 



Et 

74« 7e4free 
Zeal-ay 

Type SMTUCN 
Dual Common Negative 
Separate Anodes 

ILLINOIS UP-RIGHT Miniature 
Electrolytic Capacitors ... 
Type SMTU finest for 

TRANSISTORIZED CIRCUITRY 
Aluminum cased, with exclusive patented hermetic sealing. Stable 
under temperature extremes — stable to shock and vibration. 
Guaranteed long hfe. Fully tested and approved. Millions now in use. 

• 
Compact construction permits exceptional 
space savings and economy which is 
highly desirable in modern transistor cir-
cuitry. One capacitor saves space where 
normally two individual capacitors were 
previously needed. These dual units ore 
ideal for bypass, filtering or coupling 
where a common ground exists. 

Type SMTUCP 
Dual Common Positive 

Separate Cathodes 

These dual section common anode con-
structed capacitors have cathodes which 
are electrically separated and isolated. 
Unique construction with "floating" cath-
odes makes these ideal for coupling, filter 
and bypass circuits for "above ground" 
applications. 

Temperature Range: — 40 to +65°C; also available 
Voltage Range: 3 to 250 volts 

30 to +115°C 

ILLINOIS 
CONDENSER COMPANY 
1616 NORTH THROOP STREET 
CHICAGO 22, ILL. EV 4-1300 

Export Department: 15 Moore Street, New York 4, New York 

Write for 
complete 
technical 
literature 
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foie 84 7seam 
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MICO 
NEW HEAVY 
DUTY 2 8. 3 
DIMENSIONAL 
ENGRAVER 

Precision 
Apparatus 

FOR 
Engraving 

Nameplates 
Fine Routing Work 
Profiling Small 

Objects 
Making Small Dies 

and Molds 

UHF COAXIAL 
WAVEMENTERS 

2-75 
Centimeter 

Range 
Send for Illustrated Catalogs 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge 38, Mass. 

for ease in soldering. Contact con-
struction will give extremely low 
contact resistance and will mate the 
0.013 diameter lead wires of the 
RCA micromodule. Insulation re-
sistance between contacts is greater 
than 50,000 megohms. 
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Transducers 
PIEZOELECTRIC TYPE 

AUTOMATION INDUSTRIES, INC., 3613 
Aviation Blvd., Manhattan Beach, 
Calif., announces a new series of 
transducers, employing a ferroelec-
tric element, for ultrasonic non-
destructive testing. Series have 
been designated as the "White 
Line" and are available in all stand-
ard sizes in the range from 200 Kc 
to 10 Mc. The new transducers are 
designed to be compatible with all 
types of equipment without modi-
fication and are available in any of 
the standard connectors used by 
various manufacturers. The "White 
Line" is available in all standard 
focal lengths. 
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Amplifier & Power Supply 
FOR AIRBORNE USE 

ELECTRONIC COMMUNICATIONS, INC., 

1501 72nd St. North, St. Peters-
burg, Fla. Model 42A is an ultra-
high gain (18 db), single stage 
amplifier for airborne use. It can 
be employed directly with most of 
today's low power transmitters op-
erating in the 225 to 400 Mc band. 
It features an exceptionally light 
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KYORITSU ELECTRICAL INST. WORKS, LTD. 
NO. 120, Nakone-cho, Meguro-ku, Tokyo, Japan. 

Cable Address KYORITSUKEIKI TOKYO " 
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There's 
/ going to be 
a meeting 

Who's going to get together and what are they going 
to talk about? 

Electronics men are meeting all over the country to 
talk about everything from ultrasonics to quantatum 
electronics. 

electronics tells you where and when "Meetings 
Ahead"... gives you the highlights later on. 

Another reason why it will pay you to subscribe to 
electronics (or renew your subscription) right now. Fill. 
in the box on Reader Service Card. Easy to use. Postage 
free. 

FIND WHAT YOU NEED IN... 

electronics 

ReiJÍ 
PRECISION 
MICROWAVE 
COMPONENTS 

MEMCOR designs and produces waveguide components in stand-
ard and special configurations with all types of adapters, flanges, 
probes, accessories and other hardware which may be specified. 

These components and fittings are available in alloys of brass, 
aluminum or magnesium (which MEMCOR pioneered), to MIL or 
customer specifications, with approved plating or other applied 
finishes. 

Components for all bands from K/a to and including S bands, 
are produced; but MEMCOR also designs and manufactures special 
prototypes for new or experimental frequencies or applications, 
according to your project requirements. 

MEMCOR is backed by 15 years of intensive experience develop-
ing and manufacturing microwave components, and offers un-
duplicated service and facilities in this field. 

YOUR INQUIRY CONCERNING 
MEMCOR'S STANDARD COM-
PONENTS OR SPECIALIZED 
DESIGN CAPABILITIES IN 
THE MICROWAVE FIELD IS 
INVITED, AND WILL RECEIVE 
PROMPT RESPONSE. 

SEND FOR DETAILED DATA PAGES 

MEMCOR 
Model Engineering and Manufacturing, Inc. 
50 Frederick Street • Huntington, Indiana 
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HAN 
NO MANUAL SWITCHING 
FOR SPEED CHANGES WITH 
EECO'S NEW TIME-CODED 

MAGNETIC TAPE SEARCH 
AND CONTROL SYSTEM 

Responsible for flight test instrumentation? Quick-look 
data readout? Check out this addition to the distinguished 
EECo line of timing system equipment. You'll find no other 
gives you all of the ZA-821's important benefits: 

NO MANUAL SWITCHING or plug-changing is needed to 
compensate for speed changes. 

DATA REFERENCED BY TIME CODE, so correct locat-
ing never depends on tape speed. Locates data interval be-
tween two time addresses. 

CONTINUOUS DECIMAL DISPLAY OF TIME CODE, 
so user always knows exactly where he is on the tape. 

SPEED WITH FLEXIBILITY. With typical tape transport, 
ZA-821 searches 1200 feet of tape in 90 seconds. Permits 
search-to-recording speed ratios up to 64 to 1. 

FULLY AUTOMATIC. Choice of automatic or manual 
search. Permits automatic recycling of located data. 

COMPACT. All solid-state. Entire ZA-821 unit including 
power supplies mounts in only 15 34" of rack space. 

COMPATIBLE. Can be used with most continuous-motion 
tape transports including Ampex FR 100, FR 100A, FR 100B, 
FR600; Honeywell M-3170, M-3171, M-3172; CEC 5-752; Mincom 
C-100. Uses 24-bit BCD Time code supplied by EECo ZA-801 
Time Code Generator. Can be modified for use with any 
time code. 

ECONOMICAL. High utility. Beats in-house fabrication. 
Plug-in circuits keep maintenance cost down. Only $11,400. 

For data sheet ZA-821 write: 

Electronic Engineering Company of California 
1601 East Chestnut Ave., Santa Ana, Calif. Phone Kimberly 7-5501. TWX: S ANA 5263 
MISSILE & AIRCRAFT RANGE INSTRUMENTATION • DIGITAL DATA PROCESSING SYSTEMS 

EE 0-10 COMPUTER LANGUAGE TRANSLATORS • SPECIAL ELECTRONIC EQUIPMENT 

"See EECo on display 
at National Convention on Military Electronics, June 27-29, Sheraton Park Hotel, Washington, D.C." 

and compact power supply, with all 
high voltage components in a her-
metically sealed enclosure filled with 
silicone oil. This not only assures 
effective heat transfer but prevents 
the formation of corona at high 
altitudes. Only 16 w drive power is 
required for f-m, fsk, and ssb op-
eration at 1 Kw minimum. Only 8 
w drive power is required for a-m 
operation with a 350 w carrier 
level. 
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Silicon Rectifiers 
POWER TYPE 

SYNTRON CO., 241 Lexington Ave., 
Homer City, Pa. Styles ES-40 and 
ET-40 silicon power rectifiers have 
peak forward voltages of 1.2 y 
maximum at 100 amperes. The 
peak inverse current is 25 ma at 
100 C case temperature. The 
thermal drop is 1.00C/w maximum 
from junction to case. Temperature 
range is — 35 C to + 120 C (case) 
and — 35 C to -I- 150 C (junction). 
Mounting torque for style ES-40 
is 600 in.-lb maximum and for ET-
40 it is 900 in.-lb maximum. Over-
all length for ES-40 is 5'?g in. maxi-
mum and ET-40 is 41 in. maximum. 
Piv ranges from 100 to 400 y in 
100 y steps. 
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Signal Correlator 
ONE-PERCENT ACCURATE 

FLOW CORP., 85 Mystic St., Arling-
ton, Mass. Model 13A1 random 
signal correlator may be used to 
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opportunities in design engineering 

OLLINS 
Ideas — and experienced de-

sign engineers who can turn 
them into performing products 
— are the moving force behind 
Collins Radio Company. Right 
now, design engineers are need-
ed for a wide range of electronic 
projects at Collins' three loca-
tions; Dallas, Texas, Burbank, 
California, and Cedar Rapids, 
Iowa. Projects include design 
and development problems on 
airborne communication, flight 
control, navigation and identi-
fication systems, missile and 
satellite tracking and communi-
cation, high speed digital data 
transmission, antenna design, 
amateur radio and broadcast. 
They afford full scope to your 
creative ingenuity. They give 
you unusual opportunities for 
advancement and professional 
recognition. 

Collins past achievements 
promise an outstanding future— 
Collins design engineers have 
been responsible for the inte-
grated electronics systems for 
America's newest Air Force and 
Navy fighters and bombers. 
These systems provide UHF 
communication, TACAN navi-
gation, radar identification, 
UHF direction finding, naviga-
tion indicators. 

From its inception, Collins 
has placed strong emphasis on 
research and development. The 
R&D division accounts for about 
3,500 employees, of which 40% 
are engineers, physicists, mathe-
maticians, and scientists. About 
$22 million is spent annually on 
R&D activities. 

Collins is a growth leader in 
the electronics field. Engineer-
ing minded management has 
balanced government and com-
mercial business to the point 
where stable employment is 
assured. Military-commercial 
backlog exceeds $200 million. 

The steady growth of Collins 
is noted by comparing 1937 sales 
of $500 thousand and 1945 sales 
of $43.3 million with 1959 sales 
in excess of $117 million. 

If you are a qualified design 
engineer, you are invited to sub-
mit your resume in complete 
confidence to the location of 
your choice: L. R. Nuss, Collins 
Radio Company, 855 35th St., 
N.E., Cedar Rapids, Iowa; B. E. 
Jeffries, Collins Radio Com-
pany, 1930 Hi-Line Dr., Dallas 
7, Texas or R. J. Olsen, Collins 
Radio Company, 2700 W. Olive 
Ave., Burbank, California. 

COLLINS= 

COLLINS RADIO COMPANY • CEDAR RAPIDS, IOWA • DALLAS, TEXAS • BURBANK, CALIFORNIA 
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Towers 
Reflectors 
Buildings 

• FIXED 

• PORTABLE 

Complete 

installations 

for all 

communications 

purposes 

/11\ AL ilk /A\ 
r:rk en nr, 
awn m Ai mu nu 
mum mi it is WWI al 
vavu &i t::J CII: 

mlf \IF MI/ 
CONSTRUCTION CO. 

2727 Hawkeye Drive 

SIOUX CITY, IOWA 

MAIL TODAY! FOR NEW CATALOG! 

TOWER CONSTRUCTION CO. 
2727 HAWKEYE DRIVE 

SIOUX CITY, IOWA 

Tower Faitricatore 

and Erectors 

the World Otter! 

1 

NAME•' 

ADDRESS• 

CITY:   ST• 

measure the normalized cross cor-
relation between any two signals, 
either random or periodic. Its fre-
quency range is between 2 cps and 
250 Kc. It provides two identical 
amplifier channels with independent 
adjustable gains. The output selec-
tor circuit permits selection of 
either of the two channels or of 
the correlated signal. After the two 
channels have been equalized, posi-
tive or negative correlation can be 
read out directly on a true rms 
voltmeter. Its input voltage range 
is 20 my to 2 y rms and it has a 
continuously variable gain of 1 to 
100 in each channel. Unit can be 
used in many applications where 
simple and direct correlation tech-
niques permit the evaluation of the 
performance characteristics of elec-
tronic components and apparatus. 
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Microminiature Relay 

WEIGHS 18-±- 1 GRAMS 

COUCH ORDNANCE, INC., 3 Arlington 
St., North Quincy 71, Mass. Type 
2M relay features a hermetically 
sealed contact chamber to isolate 
contacts from contamination. A 
patented CVE rotary armature, 
pivoted on jewels, enables the relay 
to meet shock tests of 50 g's mini-
mum and vibration tests of 30 g's 
to 2,000 cps. Contacts are 2 form 
C rated at 2 amperes at 30 y d-c 
with resistance of 0.05 ohm maxi-
mum. Contact life is 100,000 opera-
tions minimum. Contact terminals 
are located on 0.2 in. grid centers. 
Dielectric strength is 1,000 v, 60 
cps, minimum. Relay measures 
0.875 in. by 0.8 in. by 0.4 in. 
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environmental 
applications & 
qualification 
THE RESEARCH AND 

ENGINEERING 

FACILITIES OF GTL 

HANDLE ORIGINAL 

PROJECTS FROM 

CONCEPTION THROUGH 

DEVELOPMENT, 

FABRICATION 

AND TESTING. 

COMPLETE, UP-TO-DATE 

ENVIRONMENTAL 

FACILITIES FOR TESTING 

AND EVALUATING 

ELECTRONIC, 

ELECTROMECHANICAL. 

MECHANICAL, 

PNEUMATIC 

AND HYDRAULIC 

COMPONENTS 

AND SYSTEMS. 

tettodal for complete facilities 
and capabilities brochure. 

LABORATORIES 

GENERAL TESTING 
LABORATORIES 

48 COMMERCIAL AVENUE, 
MOONACHIE, NEW JERSEY 
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THE BIG LEADS THE WAY 
TO INTEGRATED COMMUNICATIONS SYSTEMS 
SATELLITE RELAY SYSTEM A reliable, worldwide network for television, facsimile, telephony and telegraphy communications 
will be realized in the near future through PROJECT COURIER of the Advanced Research Projects Agency and U. S. Army 
Research & Development Laboratories. As subcontractor to I. T. &T., Adler is responsible for engineering and manufacture of 
the ground stations of this earth-satellite relay. Each of these air-ground transportable stations can duplex transmit, receive 
and store 15 million bits of information in the 4-minute-contact with the satellite. The COURIER's pre-launching checkout 
system, also, was produced by Adler. 

TRANSPORTABLE TROPOSPHERIC SCATTER SYSTEM 
A new concept in continent-spanning tropo-
spheric scatter communications soon will be 
available to the U. S. Air Force. For the first 
time, the full multichannel capability and re-
liability of a large, fixed installation will be 
provided in a compact, air-ground trans-
portable package. The all-environment, 
10KW, AN/MRC-85 is being designed, sys-
tem integrated and manufactured by Adler 
under subcontract to Page Conununications 

SPECTRUM-STRETCHING COMMUNICATIONS SYSTEM 
Through Adler pioneering in heterodyne re-
peating, a wide range of UHF channels have 
been opened to the U. S. Army for NIKE 
Missile field communications. The Adler 
"F-Head" unit permits the basic AN/TRC-24 
VHF system to be used for UHF relaying in 
areas where VHF spectrum congestion is a 
problem. Designed for plug-in use, the 
"F-Head" heterodynes the VHF output of 
the AN/TRC-24 to the usable UHF range. 
Adler heterodyne techniques are finding an 
ever-growing place in military, industrial and 
commercial communications. 

Write for all the facts 
on how Adler experi-
ence can help solve 
your communications 
problems. 

DLER 
ADLER ELECTRONICS, INC. 

-le New Rochelle, N. Y. 
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S T 
MAGNETIC 
MODULATOR 
furnishes stable signal amplification 
THEORY & APPLICATION: Since certain control and instrumentation systems 
require amplification of DC signals, it is desirable to employ a static signal 
converter. Magnitude of these available DC signals is so small that instability 
of DC amplifying systems results when signal is brought to usable level. Therefore 
a stable AC amplifier is required to convert low level DC to AC. A magnetic 
modulator serves this function with the added advantage that a "polarity reversible" 

+23Vot DC input is converted to a "phase reversible" output. The 
261f4fOtts output can be rectified to a ' polarity reversible" pulsating 

+ruts DC or can be applied to a phase sensitive indicating 
device. Input impedance is relatively high while the output 
impedance is inherently low. 

SPECIFICATIONS: Model MM-0027 

ELECTRICAL CHARACTERISTICS: 
Maximum Output >.4 Vitus ® Is 100e 
Minimum Output <.05 Vino ® Is Oisa 
Voltage Unbalance < 35% 
DC Resistance 1-2 7.32 -± 20% 

3-4 500n -± 20% 
5-6 12002 -± 20% 
7-8 602 ±-20% 

Frequency 400 cycles 
MECHANICAL CHARACTERISTICS: 

Diameter 1.13" maximum 
Height .68" maximum 
Lead Length 2.00" minimum 
Mounting .125" clearance hole 

ENVIRONMENT CONDITIONS: 
Storage Temperature —65° to +100°C 
Operating Temperature —40° to +70°C 
Vibration .060" total excursion 10-5cps 
Shock 15 g's 
Altitude 50,000 feet 
Humidity 95% relative 

Prices on request. Quotations without obli• 
gation on your other special components. 

TYPICAL 
RESPONSE CUM 

 MM-0027  

5 11 5 3 15 31 35 

SIGNAL CURRENT Ismucroamperes D( 

Irnermetic ,S„eal 
MAGNETIC IRON-CORE COMPONENTS 

ENVIRONMENTAL TESTING 

POWER SUPPLIES—SERVO AMPLIFIERS 

DRESSER 
INDUSTRIES 

INC. 

ELECTRONIC 

OIL • GAS 

CHEMICAL 

INDUSTRIAL 

TEXAS COMPONENTS DIVISION 
555 N. Fifth St. P. 0. Box 978 

Garland, Texas 
Dallas phone BRoadway 6-5141 

PACIFIC COMPONENTS DIVISION 
18151 Napa St. P. 0. Box 161 

Northridge, California 
Phone Dickens 5-2250 

Literature 
of the Week 

DIGITAL INFORMATION SYS-
TEM Bailey Meter Co., 1050 Ivan-
hoe Rd., Cleveland 10, Ohio. 
Operation of Metrotype digital in-
formation system using all solid-
state components is described and 
illustrated in new 8-page bulletin 
E-72-2. 
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BREADBOARD EQUIPMENT 
Engineered Electronics Co., 1441 
E. Chestnut Ave., Santa Ana, Calif. 
A well-illustrated 4-page folder de-
scribes the company's completely 
transistorized T-series digital sys-
tem breadboard equipment. 
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PROCESS CONTROL SYSTEMS 
Daystrom, Inc., Control Systems 
Division, Miramar Road, LaJolla, 
Calif. A new 12-page, 3-color book-
let graphically outlines the Day-
strom approach to industrial proc-
ess control systems. 

CIRCLE 352 ON READER SERVICE CARD 

HIGH ALUMINA CERAMICS Di-
amonite Products Mfg. Co., Shreve, 
Ohio, has available a new brochure 
covering data and the application 
of high alumina technical ceramics 
to the electronics industry. 
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PRECISION POTS Maurey In-
strument Corp., 7924 S. Exchange 
Ave., Chicago 17, Ill., has available 
a complete catalog of single turn, 
wire-wound precision potentiome-
ters from in. diameter to 3 in. 
diameter. 
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SECONDARY FREQUENCY 
STANDARD The Haddam Mfg. 
Co., 30 Rockefeller Plaza, New 
York 20, N. Y., announces a bro-
chure on the ZERoBEAT portable 
secondary frequency standard for 
use in the mobile communications 
field. 
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INSTRUMENTATION TAPE RE-
CORDERS Precision Instrument 
Co., 1011 Commercial St., San Car-
los, Calif. New 2-color catalog 
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sheet, bulletin 58, describes the 
company's recently introduced 16-
channel digital magnetic tape re-
corder, model PS-216-D. Company 
also offers a new revision of 
bulletin 55, covering the entire 
PS-200 line of advance-design, 
transistorized, magazine - loading 
instrumentation tape recorders. 

CIRCLE 356 ON READER SERVICE CARD 

TEMPERATURE INDICATORS 
Princeton Division, Curtiss-Wright 
Corp., Princeton, N. J. Brochure 
CS-177-000 describes Thermochrom 
crayons and DetectoTemp paints 
for checking the temperature of 
any hot surface. 

CIRCLE 357 ON READER SERVICE CARD 

AIRBORNE TRANSFORMER - 
RECTIFIER General Electric Co., 
Schenectady 5, N. Y. Bulletin GEC-
1540, 2 pages, gives specifications 
of GE's unregulated airborne trans-
former-rectifier, model 6RW162-
YF1, 28 v, 200 amperes. 

CIRCLE 358 ON READER SERVICE CARD 

SILICON RECTIFIERS Fansteel 
Metallurgical Corp., North Chicago, 
Ill., announces the publication of 
four separate data sheets helpful 
to any engineer or designer who 
specifies, uses or is concerned with 
silicon rectifiers. 

CIRCLE 359 ON READER SERVICE CARD 

SYSTEM BUILDING BLOCKS 
Digital Equipment Corp., Maynard, 
Mass. New color-coded six-page 
folder gives logic diagram and com-
plete description, including input, 
output and price data, on 17 500-
Kc plug-in system building blocks. 

CIRCLE 360 ON READER SERVICE CARD 

FACILITIES BROCHURE Melpar 
Inc., 3000 Arlington Blvd., Falls 
Church, Va., has available a bro-
chure describing its specialization 
in research, development and pro-
duction of electronic equipment for 
the U. S. Government and major 
prime contractors. 

CIRCLE 361 ON READER SERVICE CARD 

P-C BOARD PRINTER Wyrco 
Projects, Inc., 66 Main St., Bing-
hamton, N. Y. Precision automatic 
screen printer for high speed pro-
duction of printed circuit board is 
described in a 6-page fully-detailed 
illustrated bulletin. 

CIRCLE 362 ON READER SERVICE CARD 

Assembly and service of 
circuits containing solid-state diodes or rectifiers is greatly simplified 
by the use of these new mounting devices. Components are quickly 
snapped into place, or removed by a simple twist, without disturbing 
soldered connections. 

ELECTRICAL CONTACT is positive under all conditions of shock and 
vibration. Special design of case clip and Wyre clip assures pene-
tration of surface film or oxide, maintains lowest contact resistance 
to component body and soldering lead. 

CIRCUIT CONNECTIONS are not disturbed by replacement or 
removal of the component. Printed circuit connection is made 
through the attachment rivets or eyelets. Soldered connection is 
made to integral lugs passing through the mounting surface. 

COMPONENT SECURITY is certain, and not changed by repeated 
insertions and withdrawals. Severe vibration and shock cause no 
visible shifting, no change in contact resistance. Yet a gentle twist 
removes the component for replacement or substitution. 

These new atlee clips accommodate diode or rectifier cases 
from .245" to .270" O.D. In spring-tempered phosphor bronze, they 
are available separately in bulk for attachment by rivets or eyelets, or 
ready mounted in strips as illustrated. Write today for details — and 
learn how little it costs to eliminate a lot of trouble! 

DESIGN FOR RELIABILITY WITH atlee — a complete line of 
dependable heat-dissipating shields and holders of all types, plus the 
experience and skill to help you solve unusual problems of holding 
and cooling electronic components. 

a.tlee c orpcbra_tiori 

47 PROSPECT STREET, WOBURN, MASSACHUSETTS 
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Power Supplies 

7000 `et 
SHORT CIRCUITS WITHOUT 
A SINGLE FAILURE 

Wide Range Transistorized High Current 
Power Supplies Set New High In Reliability 

Con Avionics proves extreme reli-
ability of its zero to 50V rack 
mounted power supplies with a 
graphic demonstration at the 1960 
I.R.E. Show. 
Throughout the Show a new 

model Z50-15 Power Supply was 
short-circuited every 30 seconds, 
yielding a total of 7,000 short cir-
cuits without a single failure. Sev-
eral thousands more shorts were 
applied during laboratory tests. 
The company's new line of 

power supplies was designed under 
a "worst case analysis" program. 
The supplies are designed using 
standard non-selected compo-
nents; performance is then mathe-
matically and experimentally 
checked with the worst possible 
combination of component charac-
teristics. This design technique is 
largely responsible for the new 
high set in reliability and insures 
long life and easy field maintenance. 

"Worst Case Analysis" Program Helps 
Set New High In Reliability 

Specifications 
Input Power 
Output Voltage 
Output Current 
Regulation 

a) for line variations 
b) for load variation 

no load to full load 
Stability for 8 hours after 30 
minute warm up 
Ripple (rms) 
Response time 
Ambient temperature range 
Temperature coefficient i% per Cl-  
Output Impedance at 10 KC (ohms) 

See us 
at Wescon: 
Booth 2255 

11°I 

- I 
• A Member 

of Thr., C.,Jec Group 

Wide Voltage Range, High Current Capac-
ity, Among Electrical Features • The 
units are available in two series 
with 0.1% and 0.01% regulation. 
They have an unusually wide 
range of output voltage: 0 to 50 
V.D.C., and an output current of 
2. 5, 10 and 15 amperes. 

"Flip Top Box" Permits Accessibility 
For Maintenance 

Mechanical Features Highlight Flexibility • 
The new units are constructed with 
remote sensing to maintain regu-
lation at the load and remote pro-
gramming to permit output ad-
justment at remote control point. 
A floating output is also provided, 
through which either positive or 
negative terminals may be 
grounded. All the power supply 
units have a voltmeter and an am-
meter. The front panel has a power 
switch, circuit breaker, coarse and 
fine voltage adjustment knobs, in-
put fuse, pilot light and output 
terminals. Rear panels have an in-
put line cord, output, remote sens-
ing, and programming terminals. 

Y Series Z Series 
105 to 125 VAC, single phase, 48 to 62 cps. 

0 to 50 VDC 
2, 5, 10 and 15 amperes 

-± 0.1% 
0.1% or 5 mv 
(whichever is greater) 
2- 0.25% 0.05% 

0.01% 
0.01% or 1 mv 
(whichever is greater) 

2 mv 1 mv 
50 microseconds 

'C to 50'C 

0.02 0.01 
0.003 0.0003 

CON   
AVIONICS  
Consolidated Avionics Corporation 
800 Shames Drive, Westbury, New York, 
EDgewood 4-8400 

NEW BOOKS 

Fluctuation Phenomena 
in Semi-Conductors 
By A. VAN DER ZIEL. 

Academic Press, Inc., New York, 
168 p, $6.50. 

A CONSIDERABLE part of ecent 
literature in the field of semicon-
ductors has been concerned with the 
limitations set by fluctuation phe-
nomena in the use of semic nduc-
tors for device purposes. Papers 
dealing with this subject have, how-
ever, been scattered throughout a 
heavy volume of literature. The 
present book attempts to bring to-
gether in one place the diverse 
aspects of the subject, both theoreti-
cal and experimental. 
The book discusses various 

sources of noise in semiconductor 
material, in photo-conductors, in 
semiconductor resistors, in semi-
conductor diodes, and in junction 
transistors. Distinction is made 
between flicker and shot noise, and 
the properties of generation-recom-
bination noise, diffusion noise, and 
modulation noise are presented. 
There is also a considerable dis-

cussion of the McWhorter theory of 
1/f noise, also known as flicker 
noise. McWhorter has related the 
problems of flicker noise and field 
effect in semiconductor material. 
It appears that the surface traps 
which contribute to the frequency 
dependence of the field effect also 
contribute to the flicker noise. The 
author concludes that McWhorter's 
theory gives the most promising 
approach to the problem of 1/f 
noise in semiconductors and echoes 
McWhorter's view that the same 
mechanism might be responsible 
for contact noise observed in single 
contacts and granular materials. 

Noise measurements and noise-
measuring equipment are discussed 
in the brief space of four pages. In 
view of the difficulties and subleties 
connected with efforts in this area, 
it is to be regretted that the author 
did not treat the subjects at greater 
length. 
With the exception of noise meas-

urements and noise-measuring 
equipment, the author appears to 
have treated his subject rather com-
pletely, but fault may be found with 

C_ 

e 
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his organization of the book. For 
example, Chapter 2 is concerned 
with the characterization of noisi-
ness in two- and four-terminal net-
works. It is not clear why the ma-
terial of this chapter appears where 
it does. Moreover, the third chap-
ter is concerned with mathematical 
methods for analyzing fluctuation 
phenomena. These include topics 
from probability, statistics, Fourier 
analysis and the Langevin equa-
tions. With the exception of the 
last-named item, it would seem that 
the material of this chapter could 
well have been deleted since the 
topics are adequately covered in 
standard references and are not and 
could not be adequately covered in 
the limited space allotted to them 
in this book. Discussion of the 
Langevin equation could then be 
relegated to the appropriate points 
in the text where it is needed. In 
addition, it is possible that the read-
ability of the book would be im-
proved by more attention to transi-
tion between the topics of the 
various chapters and also by the in-
troduction of motivating statements 
at the beginning of each chapter. 

In spite of these deficiencies the 
book constitutes a useful addition 
to the body of literature dealing 
with fluctuation phenomena in com-
munication devices. Assembly of 
such material in one place should be 
of value to the design engineer.— 
LEONARD S. SCHWARTZ, New York 
University, College of Engineering, 
New York. 

Principles of Optics 
By M. BORN and E. WOLF 

Pergamon Press, Inc., New York, 
803 p, $17.50. 

THIS book is substantially different 
from the volume "Optik" published 
by Professor Born more than 
twenty-five years ago. Neverthe-
less, the method of approach is 
similar, especially in those sections 
dealing with the more general 
aspects of the theory. 
The principles of optics are pre-

sented deductively as a system 
based on Maxwell's equations. The 
historical discussions which accom-
pany the deductions do not detract 
from the rigor of the derivation of 
the principles. This historical per-
spective is especially illuminating 
in the treatment of Huygens' con-

TRANSFORMERS 
IN TRANSISTOR 

CIRCUITS 
BY: I JOHN A. KENNEDY 

JAMES ELECTRONICS INC. 

The transistor is a low impedance 
device in contrast to vacuum tubes. 
This makes transformers the most 
efficient and practical technique for 
interstage coupling. Design engi-
neers should consider the advan-
tages of transformer coupling vs— 
R.C. coupling. 

( ) 

( ) 

( ) 

Increased stage gain of 30 to 
35% due to the optimum input 
and output impedance cou-
pling possible with transform-
ers. 

80% reduction in power sup-
ply voltage because a trans-
former develops a high A.C. 
load impedance without an ac-
companying large D.C. drop. 

Smaller size due to the new 
1 inch diameter micro-minia-
ture transformer designs for 
direct printed board mount. 
They require less space and 
are lighter than a comparable 
R.C. network. 

) Linear Response from 20 cps 
to 20 K.C. is possible with 
transformers. 

Longer Life since transform-
ers do not wear out or de-
teriorate with age. 

Cost Savings are possible 
when compared to tantalum 
capacitor networks. 

The major obstacle in applying 
transformers has been availability. 
Now the engineer can use the two 
JAMES transistor reference kits 
for a full range of transformers of 
known values. 

Complete information on trans-
formers, their characteristics and 
application are a part of these kits. 
They can be used in the manner of 
a decade box for resistors and ca-
pacitors. Optimum results can be 
rapidly and accurately developed 
into a final production design. 

You may obtain a free copy of the 
design manual supplied with the 
C-2450 kit, at no charge by a re-
quest on your company letterhead 
to JAMES ELECTRONICS INC., 
4050 N. Rockwell Street, Chicago, 
Illinois. 

JAMES 
MINIATURE 

TRANSFORMERS 
THE NEW ACCURATE 

AND CONVENIENT WAY TO 

TRANSFORMER 
APPLICATION 

C-2450 Kit - 
Twelve separate 11 
transformers 
each with 4 coil, 8 terminal construction, 
can be connected to provide 96 different 
types. This wide range of impedance ratios 
and primary impedances cover 93% of all 
such transistor transformer applications. 

$49.50 

C-2650 
Same "use" cover-
age as C-2450. 10 
micro-miniature 
transformers, each 
encapsulated in a 
1/2 ' dia. x 74' deep 
shielded case. Each 
transformer has four windings, eight ter-
minals, and is ready for printed circuit 
mounting. 09.50 

A complete manual of technical informa-
tion including performance curves, imped-
ance ratios, etc. is supplied with each kit. 

PILOT OR FULL PRODUCTION 
facilities are available to suit your particu-
lar needs. These standard transformers are 
manufactured to highest technical stand-
ards. James solicits inquiries for special 
adaptations. 

WRITE OR ORDER DIRECT FROM 

ezarEgfl 
ELECTRONICS INC. 

4050 N. Rockwell, Chicago 18,1111m:0s 

CO 7-6333 
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AUGAT 
COMPLETE LINE OF 
SOCKET ASSEMBLIES 

FOR MICRO-MINIATURE 

RELAYS 
Combining Holding Clip And 
Built-In Socket For Unmatched 
Reliability Under Severe Condi-

tions Of Shock And Vibration. 

HORIZONTAL MOUNTING 
(Solder Cup Contacts) 

HORIZONTAL PRINTED 
CIRCUIT MOUNTING 

VERTICAL PRINTED 
CIRCUIT MOUNTING 

VERTICAL MOUNTING 

(Solder Cup Contacts) 

SOCKET ONLY WITH 
MOUNTING SADDLE 
(Solder Cup Contacts or 
Printed Circuit Pins) 

Patent Pending 

These assemblies will accomodate 
Micro-Miniature relays as manufac-
tured by G. E., Elgin, Sigma, Allied, 
Potter & Brumfield, Clare, Iron Fire-
man, Babcock and many others. 

For additional information 
write for catalog RS-160 

AUGAT BROS., INC. 
31 Perry Avenue 

Attleboro, Massachusetts 

struction and diffraction phenom-
ena. 
The basic theory, which is de-

rived in the earliest chapters, is ap-
plied in considerable detail to the 
various types of optical devices— 
image forming instruments as well 
as interferometers. An unusually 
complete discussion is given of the 
phenomena connected with interfer-
ence and diffraction with partially 
coherent light. 

This book is unique in the gener-
ality and completeness with which 
it covers the entire subject of 
optics. It should be particularly 
useful to those engaged in teach-
ing and research in this field.— 
ERIC BRODHEIM, Principal Research 
Engineer, Electronics Research 
Laboratory, Columbia University, 
New York. 

La Science et la Theorie 
De L'Information 
By LEON BRILLOUIN. 

Masson & Cie, St. Germaine, Paris, 
302 p, $9.60. 

PROFESSOR L. BRILLOUIN presents in 
this book not only the scientific 
theory of information, but also the 
application of this theory to pure 
science. This new field covers mostly 
the problems of statistical thermo-
dynamics, telecommunications, au-
tomation, calculating machines and 
coding. 

Statistical definition of informa-
tion shows a very close relationship 
between entropy and information, 
which can be considered as a nega-
tive term of the entropy in the 
system of physics. The close rela-
tionship between entropy and in-
formation was studied first in 1929 
by Szilard and continued by Shan-
non in a great variety of problems. 

Generalization of the second prin-
ciple of thermodynamics is pre-
sented as a principle of neugentropy 
of information and the position of 
thermodynamics is consolidated by 
elimination of a certain number of 
paradoxes such as the demon of 
Maxwell. Problems of semantic in-
formation are given by statistical 
data and based exclusively on the 
works of Carnap and Bar-Hillel 
with their methods of symbolic 
logic. 

This scientific theory of informa-
tion really constitutes a point of de-

TIME-SAVING 
GUIDE FOR... 

SPECIFYING 
DEFLECTION 
YOKES 

0111111111111111111111111111) 

1 I 

Helps speed your project. Eliminates 
confusion in choosing the right yoke. 

Engineers have saved countless 
hours, many dollars and numerous 
headaches by using this simple Guide 
Sheet For Specifying Deflection Yokes. 

Offered as a public service to engi-
neers by SYNTRONIC INSTRU-
MENTS, INC., YOKE SPECIAL-
ISTS, the only firm devoted primarily 
to deflection yoke manufacture; there-
fore preeminently qualified to help 
you specify the correct yoke for your 
application. Complete line for every 
military and special purpose—in pro-
duction quantities or custom designed 
to your specific requirement. 
Phone our nearest rep. today for 

your Time-Saving Guide Sheet. 

New York Area: Jules J. Bressler Co. 
Phone: N.Y. OXford 5-0255; 

N.J. UNion 4-9577 
Philadelphia Area: Massey Associates 

Phone: MOhawk 4-4200 
Washington-Baltimore Area: 
Massey Associates 

Phone: GRanite 4-2071 
Indianapolis: Joe Murphy 

Phone: Victor 6-0359 
Los Angeles: Ash M. Wood Co. 

Phone: CUmberland 3-1201 
No obligation. We are glad to help you. 

sTntronic 
INSTRUMENTS, INC. 

100 Industrial Road, Addison, Illinois 
Phone Klngswood 3-6444 
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*ENCAPSULATED UNDER VACUUM, 
SIONITE COILS LOCK OUT 
CORRODING MOISTURE . . END 
SHORT CIRCUITING HAZARDS 

Stew& 
CUSTOM-MADE 

COILS 
Designed and engineered to 
specifications, Stonite coils meet 
precise requirements in today's 
burgeoning industry. 

SPECIFY 

Stew& 
These influentials tell why: 

• BOUNDLESS EXPERIENCE, QUALITY 
CONTROL 

• WIDEST, MOST VERSATILE RANGE OF 
APPLI CATIONS 

• CONTINUOUS PROCESSING CHECKS. 
RIGID INSPECTIONS 

• FINEST MATERIALS, WINDING 
SERVICES, AO VANCED TOOLING 

• WIDEST SIZE RANGE, 
ANY QUANTITY 

«"titEre stctlew • FORM +Name • LAYER Belem 
PR£C1SteN WINDING • itiGit ittelPfRA3t3Rf tettl 

o*piR Atio Atieviitium rtmeittfolt 
Rtneld--Itgottre—Rettonguite 

&Ito Round, SoUflti> Reeungulot tubing 

Write, describing your require-
ments and request a represento. 
live call. Ask for latest Stonite 
illustrated brochure. 

exile 
COIL CORP. 

YARDVILLE 2, NEW JERSEY 
JUniper 7-7323 

parture for an important and new 

chapter of scientific research. 

This important book is addressed 

to the engineers and technicians 

concerned with telecommunications, 

calculating machines and automa-

tion control, to the theoreticians of 

physics, and to scientists, who can 

find in the book many interesting 
developments to solve their familiar 

problems.—DR. A. KIRILOFF, Elec-
tronics Research Laboratories, Co-

lumbia University, New York. 

THUMBNAIL REVIEWS 

Microwave Transmission. By J. C. 
Slater, Dover Publications, Inc., 
New York, 309 p, $1.50. This reprint 
of the original 1942 edition (with 
only minor typographical correc-
tions) is justified on the basis that 
students should have the opportu-
nity of reading the classic literature 
in their field. Although microwave 
technology has grown phenomenally, 
the basic physics presented in this 
book is still valid. A tremendous 
amount of material considering the 
price. 

Ingenious Mathematic Problems and 
Methods. By L. A. Graham, Dover 
Publications, Inc., New York, 237 p, 
$1.45. One hundred provocative and 
fresh problems specifically selected 
because of their widely differing 
modes of solution are presented. Al-
though logical reasoning or high 
school mathematics sometimes gives 
the answer, such advanced fields as 
number theory, statistics, compass 
geometry, networks and inversion 
are often required. Electronics men 
will find this volume a challenging 
wit sharpener. 

Experiments in Hearing. By Georg 
von Bekesy (translated and edited 
by E. G. Weyer), McGraw-Hill Book 
Co., Inc., New York, 1960, 745 p, 
$25.00. Most of the papers published 
by the author during the last 34 
years are contained in this volume. 
Initial chapters deal with the his-
torical development of the subject, 
the anatomy of the ear, and experi-
mental apparatus and methods for 
auditory investigations. Subsequent 
parts of the book deal with con-
ductive processes, psychology of 
hearing and cochlear mechanics. 
Electronic circuits for measuring, 
monitoring, and recording during 
experiments are discussed in some 
detail. Engineers or physicists work-
ing in the prosthetic, acoustic, or 
audio field will find information in 
this book which has, for the most 
part, not been conveniently available 
for a number of years. 

(C)) 
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ANALYZE NOISE WITH 

AN ALLISON FILTER 

MODEL 420 FILTER 

You can evaluate the amount of a noise 
and its frequency characteristics with 
an Allison Filter. You can make this 
evaluation regardless of whether the 
noise is continuous or intermittent, or 
whether it has sharp peaks. Allison 
Filters do not ring on transient noises. 
This analysis can be very important in 
testing equipment, preventing hearing 
loss, and controlling harmful or irritat-
ing industrial noises. 

420 FILTER SPECIFICATIONS 

Continuously variable frequency range from 
20 cps to 20,000 cps. 
20 db attenuation in first octave. 
Passive network—no power supply. 
No vacuum tubes. 
Dynamic range, 120 db. 
Impedance (in and out), 600 ohms. 
Plug-in input-output transformers for other 
impedances. 
Maximum input for minimum distortion, 2 volts. 
Low loss, approximately 2 db in pass band. 
Low pass signals from DC to cutoff frequency. 
Minimum band width approximately 1/2 octave. 
Size, excluding knobs and handle, 17" long, 
53/4 " deep, 8" high. 

Write today for complete 
literature and prices 

Allison 
Laboratories, Inc. 

11301-C Ocean Avenue 
La Habra, California 
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PEOPLE AND PLANTS 

DataMation Moves to New Quarters 

DATAMATION, INC., recently moved 
into its own custom-designed build-
ing in Gardena, Calif., reports 
founder and president Philip L. 
Kramer. 
The modern $125,000 facility will 

house the company's completely 
equipped data processing plant, as 
well as a cafeteria and executive 
offices. Working area now totals 
16,500 sq ft, more than twice the 
size of the former quarters, which 
were also located in Gardena. 
The firm was established two 

years ago on a working capital of 
$20,000 and consisted of just three 
people—Kramer as president, Gra-
ham A. Truman as vice president 
and J. D. MacLeith as secretary-
treasurer. 

Within a few months the volume 
of business warranted the leasing 
of eight computing machines. In 

Skidelsky Joins 
Dome & Margolin 
LEO SKIDELSKY has joined Dome & 
Margolin, Inc., Westbury, N. Y., 
manufacturer of airborne antennas 
and related electronic systems, as 
an engineer in the engineering de-
partment. He was formerly with 
Polarad Electronics Corp. 

Aircraft Armaments 
Elects Three V-P's 
THE DIRECTORS of Aircraft Arma-
ments, Inc., Cockeysville, Md., re-

less than two years the firm had 
grown to an annual gross of $1 mil-
lion, employed a staff of over 100 
and used intricate computing equip-
ment valued in the hundreds of 
thousands of dollars. 
As its title implies, DataMation, 

Inc., provides, through a system of 
automatic computing machines, a 
means by which highly technical 
engineering data—such as techni-
cal publications, provisioning docu-
mentation, parts lists, microfilm 
cards and the like—can be trans-
lated and catalogued efficiently, ac-
curately and economically. 

Included in the firm's increasing 
client list are government, commer-
cial, industrial and military ac-
counts. Among them are Convair 
Astronautics, Litton Industries, 
RCA, Aerojet, Hughes and Stand-
ard Oil. 

cently elected three new vice presi-
dents. 

Marvin J. Kahn was elected vice 
president-marketing. He has been 
associated with the company since 
1951. He was appointed director of 
the firm's Plans and Programs Di-
vision in 1959 after having served 
as chief structures and aerody-
namics engineer and assistant di-
rector of engineering. 
Newly elected vice president-en-

gineering is Raymond W. Wells. 
Associated with Aircraft Arma-
ments since 1953, he became the 
company's director of engineering 
in 1959. Prior to this assignment 

he served as chief electronics engi-
neer. 

Irwin R. Barr was elected vice 
president-development. One of the 
original members of the firm, he 
first served in the capacity of chief 
design engineer. In 1952 he was 
appointed chief ordnance engineer 
directing the company's ordnance 
design activities until his promo-
tion to director of special research 
earlier this year. 

Telex Appoints 
Assistant V-P 
ROBERT L. SELL, engineering execu-
tive for Telex, Inc., has been named 
assistant vice president of the Twin 
Cities electronics company. 

Sell will continue as director of 
engineering. In addition to his en-
gineering duties he is being given 
new responsibilities as director of 
sales and marketing for the com-
pany's Components Group which 
includes Special Products, Com-
munications Accessories Division, 
and Magnetics. 

Prior to joining Telex a year 
ago, Sell was chief engineer at 
Audio Development Co., Minneapo-
lis, with 10 years service there. 

Teleetro Occupies 
Added Facilities 
IN A MAJOR expansion move, Telec-
tro Industries Corp. has shifted all 
consumer magnetic tape recorder 
production to new quarters in Long 
Island City, N. Y., which will house 
about 500 employees and will per-
mit boosting output 100 percent, 
Harry Sussman, president, an-
nounced. 
Modern production tools, con-

veyor systems and other innova-
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ROCKET CORPS 

18 th 

In 1760, Indian Prince Tepper Sahib trained a 

5,000-man rocket corps. Using rocket launchers of the 

type illustrated the Sahib repelled a British attack 

against his walled city — and started the defeated 

British thinking about rockets of their own! 

Missiles have become greatly more sophisticated 

since the Sahib first broke the British Square. As a 

vital part of one of the world's largest purely electronic 

companies, Raytheon Missile Systems Division is mak-

ing great advances in this field. The exciting new Pin 

Cushion Project for the selective radar systems missile 

identification and the continually being improved 

Navy's air-to-air SPARROW III and Army's HAWK, 

are examples of their outstanding creative work. 

We are now seeking talented, qualified people to 

maintain Raytheon's leadership in this constantly ad-

vancing field. Raytheon's Missile Systems Division 

creates a climate for such talent — perhaps your talent. 

ENGINEERS: immediate openings in 
Data Handling — Circuit Design — 
Packaging —  Electro-Mechanical Design— 
Systems Test — Test Equipment Design 
— Systems Analysis — High Power Radar 
Design — Microwave Tube Application — 
High Voltage Power Supply — Modulators 
— Microwave Design — Systems Design 
— VHF Circuit Design — Operations 
Analysis — Radar Systems and Mathe-
maticians. 

Please apply to Mr. W. F. O'Melia, 
Employment Manager, Bedford Labora-
tory, Missile Systems Division, Raytheon 
Company, Bedford, Massachusetts. 

.,) 15B 

MISSILE 
SYSTEMS 
D/V/S/O/V 

...creates a climate for talent. 
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GUDELACE 
is engineered 
for 
problem-free 
lacing 

It's no accident that Gudelace is the 
best lacing tape you can buy. Excellence 

is engineered into Gudelace. A sturdy 

nylon mesh is meticulously combined 

with the optimum amount of special 

microcrystalline wax. Careful selection 

of raw materials and superior methods 
of combining them give Gudelace out-

standing strength, toughness, and sta-
bility. Gudelace is the original flat lacing 

tape which distributes stress evenly over 

a wide area. It is engineered to stay flat; 
it will not stretch out of shape when 

pulled. Gudelace's nonskid surface pre-

vents slipping, eliminating the too-tight 

pull that causes strangulation and cold 

flow. Durability and dependability make 
Gudelace your most economic buy— 

with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica-
tions on Gudelace and Gudebrod's com-

plete line of braided lacing tapes and 

dial cords—Temp-Lace, Stur-D-Lace, 

and Gude-Glass. 

GUDEBROD 
BROS. SILK CO., INC. 

Electronic Division 
225 West 34th Street, New York 1, N.Y. 

Executive Offices 
12 South 12th Street, Philadelphia 7, Pa. 

tions have been installed in 54,000 
sq ft of work space in the leased 
building. "Our fast-growing Telec-
tro consumer line, marketed by our 
wholly-owned sales subsidiary, Te-
lectrosonic Corp., has overtaxed the 
main plant," Sussman said. 

"Military and industrial elec-
tronic equipment and components, 
including recorders, communica-
tions and test equipment and the 
new Telectrovision, which permits 
low-cost tv transmission over ordi-
nary telephone lines, will continue 
to be produced in the main plant." 

Magnetico Appoints 
Chief Sales Engineer 
JOHN HACKETT has been named 
chief sales engineer of Magnetico, 
Inc., East Northport, N. Y. He will 
primarily handle the northern New 
Jersey, Long Island, and greater 
New York City areas. 

Hackett had recently been with 
Control Electronics, Huntington 
Station, New York. 
He will concentrate on the sales 

of Magnetico's new developments in 
the magnetic and control field, 
which include new designs in 
magnetic and transistor servo am-
plifiers, magnetic control logic 
switches and ultrasensitive relay 
amplifiers. 
He will also be responsible for 

sales engineering for Magnetico's 
recently expanded toroidal winding 
facility. 

Deltron Hires New 

Chief Engineer 
DELTRON INC., Philadelphia, Pa., 
announces the appointment of On 
Even-Toy to the position of chief 
electronics engineer. 
Even-Toy is a specialist in solid 

TYPE 
7000-B 

AUDIO PRIMARY 
PHASE STANDARD 

FEATURES: 

• ±O.05 Phase Shift Accuracy 

• 30 cps to 20 kc Frequency 
Coverage 

• 00 to 360° Continuous 
Phase Shift 

• Ultimate Accuracy of ±0.01° 

• Self-Calibrating 

• Long-Term Operating Reliability 

• Lissa¡ous Pattern Presentation 

The Type 7000-B Audio Primary 
Phase Standard supplies two sinus-
oidal voltage signals whose phase re-
lationship is known to +0.50° and is 
continuously variable from 0° to 
360° The frequency of the two signals 
is the same and is set at one selected 
frequency from 30 cps to 20 kc. 

Specifications 
Frequencies: Any single frequency 
from 30 cps to 20 kc. Frequency is 
¡set with an accuracy of ±0.05%. 
Accuracy of Phase Angle: ±0.05°. 
For angles which are multiples of 1°, 
carefully taken readings are accurate 
to 0.01°. 
Output Voltage Range: 1 to 12 
volts (rms). 
Output Distortion: Total harmonic 
distortion less than 0.05%, provided 
output voltage is within specified 
range of 1 to 10 volts (rms). 
Output Impedance: Approximately 
200 ohms (from cathode follower). 
Power Supply: 105-125 volts, 50-60 
cycle electronic-regulated, self-
contained supply, requiring approxi-
mately 450 watts. 

Physical Specifications 
Dimensions: 21 1/4" 'wide x 31" high 
X 21 1/2" deep. 

For full details and specifications, 
wire or call 

1)1 LABORATORIES, INC. ) 
ACTON 

A Subsidiar', of  

TECHNOLOGY INSTRUMENT CORP. 
517 MAIN STREET. ACTON, MASS. 

COlonial 3-7756 

L 
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state circuit applications embrac-
ing the digital and analog fields. 
His past experience includes sig-
nificant contributions in these fields 
at Boonshaft and Fuchs Co. and 
prior to that with the Remington 
Rand Computer Division. 

Senft Assumes 

..c New Position 
IN ANOTHER MOVE to strengthen its 
position in the capacitor industry, 
William L. Pfeiffer, president of 
The New Haven Clock and Watch 
Co., New Haven, Conn., announces 
the appointment of Frederick J. 
Senft to the post of chief engineer 
of the Condenser Products Co., a 
division of New Haven Clock and 
Watch. 

Senft served in various line and 
management responsibilities with 
major capacitor manufacturers for 
over 13 years. He recently resigned 
as chief engineer of Mica Mold 
Products to take his new post. 

Michigan Magnetics 

Names Chief Engineer 
APPOINTMENT of Leo Page as chief 
engineer of Michigan Magnetics, 
Inc., Vermontville, Mich., is an-
nounced. He has been associated 
with the magnetic tape recording 
head manufacturer for the past 
three years, having started in de-
sign engineering, and successively 
held the positions of chief produc-
tion engineer and assistant to chief 
engineer. 

In his new capacity, Page will 
direct design and production en-
gineering, areas of activity in 
which his previous efforts have 
been centered, and from which 
came the development of two new 
tape recording heads which were 
recently introduced. 

ROVE.' 
aprirovëd 

UL AND CSA APPROVED 

PROBLEM: 
Jamming of gears at low temperature 
operation 

AREA OF APPLICATION: 
Oil field telemetering instruments 

1N-PLANT TESTING . . . 
Shown is a test rack, where 
some of the more than 50 tests 
are given to every Hansen SYN-
CHRON motor before shipment 
to customers. 

The Foxboro Company, a leading manufacturer of telemetering in-
struments, experienced continuous difficulties with synchronous mo-
tors operating metering and transmission equipment. Many such 

installations were in the field where extreme climatic conditions 

made reliability of the timing motors a prime requisite. 

TESTING: 
Over a 6-year period various timing motors, in-
cluding Hansen SYNCHRON motors, were sub-
jected to constant testing for dependability of 
operation. Tests included: continuous operation 
. . . as long as one and one-half years; gear 
noise check . . . initially, and after extended run-
ning; synchronous torque tests . . . motors had 
to deliver 0.9 in.-oz. of torque at 30 rpm; a 
1500-volt shock to check breakdown rating be-
tween leads and cases to meet UL and CSA 
approval; starting ability . . . motors were packed 
in dry ice (-40°F) for one hour, then had to 
start within five minutes; three hours continuous 
running in dry ice . . . again at —40°F; five 
hours uninterrupted operation in an oven at 
140°F. 

If you must have performance in a synchronous 
motor . . . investigate Hansen SYNCHRON mo-
tors. Over 200 different types of output available. 
Hansen engineers will work with you to find a 
satisfactory solution to special application or de-
sign problems. For further information or as-
sistance, contact the nearest Hansen representative 
or write direct to: 

RESULT: 
Only Hansen SYNCHRON 
timing motors met all the 
exacting requirements! 
Hansen SYNCHRON timing 
motors were incorporated in 
all telemetering instruments 
produced, and singled out to 
replace motors on all applica-
ble equipment now in use in 
the field. Foxboro is also re-
viewing over-all operations — 
to use Hansen SYNCHRON 
motors where possible on 
other instruments and con-
trols. 

f))) 

HANSEN 
MANUFACTURING 
COMPANY, INC. 

PRINCETON, INDIANA 

HANSEN REPRESENTATIVES: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow 
Electric Co., New York, N.Y., Chester, Conn., Philadelphia, Pa., Cleveland, Ohio; Electric Motor 
Engineering, Inc., Los Angeles (0Live 1-3220) and Oakland, Calif.; H. C. Johnson Agencies, Inc.. 
Rochester, Buffalo, Syracuse, Binghamton. and Schenectady, N.Y. 
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R. F. Test 
Equipment 
Quantitative Measurements Using 

Sweep Frequency Techniques 

Model 900A—THE MOST VERSATILE 
SWEEP GENERATOR $1,26000 

CENTER FREQUENCY—VHF 0.5 to 400 MC 

UHF 275 to 1000 MCS—SWEEP WIDTH— 

up to 400 MCS—FLATNESS— + 0.5 db over 

widest sweep! 

Model 707—ULTRA FLAT 
SWEEP GENERATOR $79500 

Featuring +5/100 db flatness—Plug-in osc. 
heads*; variable sweep rotes from limin. to 
60/sec.; all electronic sweep fundamental 
frequencies; sweep width min. of 1% to 
120% of C.F. 
•Hecds c.c:Ichle within the spectrum 2 to 265 MCS 

Models 601/602—PORTABLE 
GENERAL PURPOSE $295.00 

COVERAGE—Model 601 
—12 to 220 MCS. Model 
602-4 to 112 MCS— 
FLATNESS — +0.5 db 
OUTPUT—up to 2.5 V RMS 
WIDTH-1% to 120% of C.F. 

Model FD-30 $250.00 
High speed DPDT co-
axial switch permitting 
oscilloscope measure-
ments without calibra-
tion—all measure-
ments referenced con-
tinuously against stand-
ard attenuators. 

Model AV-50 
Variable Precision 
Attenuator $150.00 

Long life rotary 
switches; dual wip-
ing silver contacts 
on "Kel-F" dielec-
tric. 0-62.5 db in 
1/2  db steps; DC to 
500 MCS. 

Write for catalog and technical Newsletter series on 
measurements using sweep frequency techniques. 
Prices and data subject to change without notice. 

JEHROLD ELECTRONICS CORPORATION 
Industrial Products Division Dept. TTE-49 

The Jerrold Building, Philadelphia 32, Pa. 
Jerrold Electronics (Canada) Ltd., Toronto 

Export R•presentotors, Rosh., International, N.Y. 16, N. Y. 

rARRA1TLINE 
LÇONTINUOUSLY VARIABLE ATTENUATORS 

ULTRA 
BROADBAND 

Exclusive Features: 

PRICE $ 150 
In addition, other standard 

• Bandwidth: 1.0 to 9.0 KMC with 
a single unit 

• Continuously variable for all values 
of attenuation 

• VSWR: 1.5 max. at all frequencies 
for all values of attenuation 

• Attenuation: 10 db min. at 1 KMC 

• Insertion Loss: 0.5 db max. 

• Power: 10 w. average 

• Size: 5" diameter by 1" high 

• Drive: micrometer or shaft 

• Model 3-6414-10 

models available are 

Model 
No. 

Freq. 
KMC 

Max. 
Atten. 

Max. 
V5WR 

Unit 
Price 

1414-10 .25-.50 10 1.5 $290 
2414-20 .50-1.0 20 1.5 $290 

2-3414-30 .8-2.5 30 1.5 $290 
3414-30 1.0-2.0 30 1.4 $270 
4414-30 2.0-4.0 30 1.3 $250. 

4-5414-30 2.0-6.0 30 1.3 $260. 
5414-30 4.0-7.0 30 1.3 $270. 
6414-30 7.0-11.0 30 1.3 $280. 

arra Antenna & Radom° 
Research Associates 27 Bond St., Westbury, N.Y. 

The pick of the crop! 

CIRCLE 219 ON READER SERVICE CARD 

Thumbnail summaries of sales literature on materials, com-
ponents, equipment, and facilities keep you up-to-date in about 
3 minutes of quick, easy reading in "Literature of the Week." 

Another reason why it will pay you to subscribe to electronics 
(or renew your subscription) right now. Fill in the box on 
Reader Service Card. Easy to use. Postage free. 

FIND WHAT YOU NEED IN... 
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do you know 

what's expected 
from 

semi-conductor 

materials? 

There were more than a 
dozen articles on semi-
conductor materials in 
electronics in recent months. 
Each was specially edited to 
give you all key facts, ideas or 
trends —and there's more com-
ing! Accurate electronics' re-
porting tells you what's hap-
pening now . . . what's ex-
pected in materials and com-
ponents. Don't miss dozens of 
articles on basic subjects ed-
ited to keep you informed, help 
make your research, develop-
ment, sales and marketing 
plans pay off. It pays to sub-
scribe to electronics (or re-
new). Fill in box on Reader 
Service Card now. Easy to use. 
Postage free. 

FIND WHAT 

YOU NEED IN 
electronics 

Which of :these 
Craig skills and 

services 
can help you 
Systems housing — light weight, high strength 
aluminum shelters, vans and trailers. 

> Systems components — telescoping antenna 
masts, transit cases, cabinets, equipment racks. 

> Systems installation service — layout and 
installation of transportable systems, through 
final checkout. 

> Systems packaging research — engineering design 
and development for ground support and 
electronic equipment protection. 

> Complete production facilities — to handle your 
complete packaging assignment. 

11111> A unique "aluminum-chemical research" service— 
. engineering "brainpower pool" for solving 

virtually any problem in aluminum and foamed 
,plastic fabrication. 

WRITE TODAY FOR CRAIG'S 
CAPABILITIES BROCHURE 

rereui? 

SYSTEMS, INC. 

Dept. P-6,360 Merrimack St., Lawrence, Mass. - Tel. MUrdock 8-6961 

Business systems and equipment are another Craig specialty through 
LeFebure Corporation. Cedar Rapids, Iowa — a Craig subsidiary. 

CIRCLE 222 ON READER SERVICE CARD 

PROFESSIONAL 

SERVICES 

ERCO RADIO 
LABORATORIES, INC. 

Radio Communications Equipment 
Engineering - Design - Development - Production 

Our 30th Year in Air to Ground 
Communication and Radio Rear-one 

Garden City • Long Island • New York 

EUGENE MITTELMANN, E.E., Ph.D. 
Consulting Engineer, Physicist 

ELECTRONICS FOR INDUSTRY 
Analysis, Research and Development 
549 West Washington Boulevard 

Chicago 6, Illinois 
CEntral 6-2983 

TELECHROME MFG. CORP. 

Electronic Design Specialists 
COLOR TELEVISION EQUIPMENT 

Flying Spot Somers. Color Synthesizers, Errera, 
Monitors, Oscilloscopes and Related Apparatus 
Telemetering for Guided Missiles. 

J. R. PopkIn-Clunnati, Pres. 4 Dir. of Eng. 
28 Renick Dr. Amityville, L. I., N. Y. 

SEARCHLIGHT 
SECTION 

(Classified Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

DRIVE MOTORS 
BODINE NCI-33 induc-
tion drive motor. 115 
v, 60 cy, .45A, 540/ 
1080 RPM. 41/4 " dia by 
51/2 " long. Rear shaft: 
7/8" long. Front shaft: 

11/2 " long and ground for 71/2  and 15 
ips  $17.50 

BODINE NCH-33 Hysteresis-synchronous. 
Same mechanical specifications as 
above, except 600/1200 RPM.. .$29.50 

Please add $1.50 Per motor 
for postage and handling. 

FASCO reeling and rewind motors. Can 
be used in conjunction with above drive 
motors. 115 v, 60 cycle. 31/2 " dia by 
4" long. Shaft 21/2 " long and finished 
for standard reel lock. Best quality 
available for professional use ...$9.50 

SPECIAL! Motor starting capacitor far 
above drive and other motors. 2 x 
5mfd at 330 VAC. With mtg bracket 

$1.75 

"VU METERS" 
41/2 " internal 115 VAC 
illumination. Mfg by 
Phaostron. Metal escutch-
eon. 1 ma basic move-
ment  $12.50 
Same as above, except 

plastic case. Mfg by Marion and others. 
Requires external lamp source. . $7.50 

DAVEN "T" PAD. 600 ohm balanced 
line. 14 steps of .5 db attenuation, 7 
db total. Full shielded $2.75 

TECHLAB "T" PAD. 600/600 ohm. 10 
steps of 1 DB attenuation. Shielded, 
with knob and escutcheon $3.00 

H. D. STERN CO. 
1221 Venice Boulevard Los Angeles 6, Calif. 

CIRCLE 460 ON READER SERVICE CARD 
Phone: 

WAlker 5-6000 (" .MAGNETRON SPECIALS. 

2J26-7  $12.50 
2.130   27.50 
2.131/4   12.50 
2J42   45.00 
2.151   99.00 
2J 56A   90.00 
2J61-2A   27.50 
3.121   50.00 
3.131   35.00 
4J31/4J38  135.00 
4J52   35.00 
4.157/9   135.00 
4.160/62  125.00 

See pages 622, 23 & 24 
of the 1959 Electronics 
Buyers' Guide for a 
more complete listing. 

CIRCLE 461 

LIBERTY 
ELECTRONICS, INC. 

Cables: 

TELSERSUP 

582 BROADWAY 
New York 12, N. Y. 

ON READER SERVICE CARD 

TRANSLATORS - ALL LANGUAGES 
Proven ability to translate technical material 
into fluent English essential. Attractive full 
time or free-lance arrangement. All languages 
of interest, particularly Russian & Japanese. 
Send resume to: 

A•T•S, Inc., Drawer 271, East Orange, N. J. 

CIRCLE 462 ON READER SERVICE CARD 
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EMPLOYMENT OPPORTUNITIES 

Interested in 

He ItromIcs* 
a challenging new field of opportunity 
for electronic engineers at 

SIKORSKY AIRCRAFT 

MMI 

MMI 

11 

»NM 

Ima 

ami 

mum 

"mom, 
.4r 

* To describe this unique field, only a brandi  
new word would do, a word with two live roots: 
helicopters and electronics. These roots penetrate 
deeply into some of the most stimulating soil in 
modern technology. 

In broad terms, helitronics embraces practically 
every phase of avionics, electronics, computer, 
feedback and systems analysis work. Specifically, 
helitronics means the integration of communi-
cation systems, specialized electronic search and 
detection equipment to enhance the mission ca-
pability of the helicopter, specialized sensors and 
automatic controls to increase its versatility, and 
automatic navigation, into an optimum military 
weapon system or commercial carrier with VTOL 
capability. Many assignments call for the ability 
to advance the state-of-the-art in testing and in 
instrumentation. 

If you would like to enter this challenging new 
field, the time is now. The place? Sikorsky Air-
craft—pioneer and leading manufacturer of 
rotary-wing aircraft, the company that leads 
again with many opportunities for you in 
HELITRONICS. 

SIKORSKY AIRCRAFT 
DIVISION OF UNITED AIRCRAFT CORPORATION 

For further information, submit 
your resume or make inquiry to 
J. L. Purfield, Personnel Department. 

STRATFORD 

CONNECTICUT. 
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EMPLOYMENT OPPORTUNITIES 

THE LID IS OFF... 

Electronics opportunities at Grumman Aircraft 

Indicative of Grumman's increasing stature in the electronics 
field is the new $5,000,000 Avionics Systems Center, housing 
an impressive array of advanced equipment for the testing, 
evaluation and integration of electronics. 
So designed as to minimize the effects of electrical interfer-

ence, the Center has the following outdoor facilities: 2 2000-
foot AEW antenna test ranges, a 300-foot antenna and model 
test range, and a precision radome bore-sight range. 

Indoor features are: 
• The largest anechoic chamber in the U.S. devoted exclu-
sively to aircraft antenna testing. 
• A Flight Control Simulation Laboratory which evaluates 
automatic flight control systems under "actual mission" con-
ditions. 

• Facilities for the precise evaluation of inertial and stellar 
guidance equipment. 
• A Systems Evaluation Area to accommodate complete air-
craft avionics systems for operational testing and evaluation. 
• An Electrical Systems Laboratory equipped to evaluate 
aircraft power systems of the most modern aircraft. 

• Extensive general purpose test facilities for evaluation of 
all types of electronic equipment. 

If you are interested in growing with Grumman, and have 
experience in Equipment Development, Systems Analysis, 
Systems Synthesis, Project Engineering, or Circuit Develop-
ment, you may well qualify for a career position in one of the 
following long range programs: 

• Airborne Inertial Navigation Systems 
• Synthesis of Radomes and Antennas using Digital Com-
puters 
• Friction-Free Suspension for Evaluation of Space Attitude 
Controls 
• Airborne General Purpose Digital Computers 
• Long Range Search Radar 
• Advanced Techniques for ASW Detection 
• 3-D Terrain Presentation for Low-Flying Aircraft 

Send your resume in strict confidence to Mr. A. Wilder, 
Manager, Engineering Employment, Dept. GR-76, or call 
Wells 1-4833 for a mutually convenient interview. 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 

Bethpage • Long Island • New York 
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EMPLOYMENT OPPORTUNITIES 

.4.L SECURITY 

CLIMATE 

and CREATIVITY at 

PHILCO Palo Alto 
On the San Francisco Peninsula 

You'll find exceptional opportunities and commensurate rewards with rapidly 
expanding Philco Western Development Laboratories, at the center of the 
San Francisco Bay Area's electronic industry. These are our immediate needs. 
Do they match your experience and interests? 

SYSTEMS ENGINEERS 

As an active participant in the for-
mulation and design of microwave 
data telemetry and tracking systems, 
your responsibilities will include 
analysis of equipment design and 
performance, specification and tech-
nical direction of system test, analy-
sis of flight test data, and prepara-
tion of system test report. 

DESIGN ENGINEERS 
Direct your ingenuity to the design 
of circuits forming integral parts of 
CW range measuring equipment and 
the integration of complex timing 
and coding circuitry for earth satel-
lites. You will also establish and 
supervise test programs, direct the 
testing of setups, component parts, 
circuits and complete ranging sys-
tems, supervise and monitor electri-
cal and environmental testing for 
qualification. Familiarity with tran-
sistor switching circuitry is required. 

RANGE DESIGN ENGINEERS 

Challenging assignments can be 
yours in the production of installa-
tion criteria, specifications, instruc-
tions and drawings required to im-
plement advanced radar, telemetry, 
data processing, computing and 
communications systems. 

RANGING AND TRACKING 
ENGINEERS 
If your experience includes low-fre-
quency phase measurements, track-
ing or radar, openings exist at 
PHILCO WDL for engineers to de-

sign, develop and insure fabrication 
of specialized test equipment. 

RELIABILITY ASSURANCE 
Your assignments will include evalu-
ation of electronic components, 
preparation of specifications and 
drawings of components, analysis of 
failure of semi-conductors, tubes, or 
electromechanical devices. 

QUALITY ASSURANCE 
Qualified engineers are required im-
mediately for in-process, final ac-
ceptance and testing of electronic 
and electromechanical equipment 
associated with missile and satellite 
tracking systems. Types of equip-
ment include data processing, UHF 
and VHF transmitters and receivers, 
antenna systems. 

Consider a career at Philco Western 
Development Laboratories, elite 
electronics center on the San Fran-
cisco Peninsula. For you . . . the 
encouragement of graduate study on 
a Tuition Refund basis at any of the 
excellent surrounding educational 
institutions, liberal employee bene-
fits, and the facilities of Philco's 
new, modern R & D laboratories. For 
you and your family ... the perfect 
climate, whether seasonal or cul-
tural, in which to pursue all-year 
recreational activities. Only 45 min-
utes from cosmopolitan, dynamic 
San Francisco. We invite your in-
quiry in confidence as a first step 
toward expanding your skills at 
Philco, Palo Alto. Resumes may be 
sent to Mr. J. R. Miner. 

Philco Corporation 
WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Dept. E-624 Palo Alto, California 

65 ,9 

computer 
programmer 

and don't 
know it? 

Many men who have training in engineering 
and the sciences are now going into com-
puter programming. They find that it makes 
full use of their special analytical and logi-
cal talents, often not fully tapped in their 
present work. 

In the 60's and beyond, the electronic com-
puter will become more and more an impor-
tant factor in the operations of business, 
industry, science and government. Com-
puter programmers, the men who direct the 
computers, will play a vital role in this 
progress. 

One of the most important qualifications for 
this work is the ability to analyze complex 
problems and to deduce from them mean-
ingful and useful answers. 

A computer programmer takes a problem — 
it may be in engineering, science, marketing, 
or in any of dozens of other fields—analyzes 
it, and phrases it in a mathematical-logical 
language that the computer can "under-
stand." Then the computer goes to work 
with its prodigious speed and accuracy. 

If you qualify as a computer programmer, 
you will be given an intensive training course 
in machine language, stored program equip-
ment, problem-solving techniques, and 
program writing. 

If you have a degree in engineering or one 
of the sciences, and are interested in this 
important new profession. I will be happy 
to give you further information. 

Please write, outlining briefly your back-
ground, to: 

Manager of Technical Employment 
IBM Corporation, Dept. 554R-4 
590 Madison Avenue 
New York 22, N. Y. 

IBM 
164 
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Cinch Mfg. Co.   140 

• Kintel, A division of 
Cohu Electronics Inc.  3rd Cover 

14 • Kyoritsu Electrical Instruments 
Works. Ltd.   143 

• LEL, Inc.   111 

Litton Industries 
Electronic Tube Div.   135 

• Malec. Mfg. CO.   141 
Melaba   16 

* Mica. Instrument Co.   142 
• Micro Switch, A Division of Minne-

apolis-Honeywell  88, 89 
Minnesota Mining & Mfg. Co.. 

Chemical Div.   2 

• Model Engineering & Mfg. Inc.   143 

Nippon Electric Co., Ltd. 58. 
* North Atlantic Industries, Inc.   

North Electric Co.   

59 
137 
44 

Ohmite Mfg. Co.   41 
Oneil-Irwin Mfg. Co.   
Optical Gaging Products Inc  96 

• Oster Manufacturing Co., John  139 

PRD Electronics Inc.   

Philips Gloeilampenfabrieken, 
58 N. V.  54. 55 

142 Potter and Brumfield   117 

7 Precision Instrument Co.   127 
51 
10 

144 • Radio Corporation of 
America  4th Cover. 68 

140 Radio Materials Company   61 
o Raytheon Company 5 50. 57. 157 

• FXR Inc.  80, 81 
Fansteel Metallurgical Corp....114, 115 

• General Ceramics Corp., Division of 
Indiana General Corp.   40 

• General Electric Co. 
Semiconductor Products ...SOB, 50C 

• General Instrument Co. 
Semiconductor Division   45 

General Testing Laboratories  146 
Gilbert Plastics. Inc.   185 

Gremar Mfg. Co.. Inc.   111 
* Gudebrod Broa.   158 

Hansen Mfg. Co.. Inc.   159 
• Hermetic Seal Transformer Co.   148 
e Hewlett-Packard Co.  2nd Cover 
* Hoffman Electronics Corp.. 

Semiconductor Division   8 
Hoskins Mfg. Co  39 

33 

Sarkes Tarzian Inc.   138 

Solid State Electronics Co.  62 
• Sorensen & Co.   124 

Space Technology Laboratories. Inc  15 

Spectrol Electronics Corp. ... . 130, 131 
Sperry Microwave Electronics Co., 

Div. of Sperry Rand Corp. ..12, 18 
Sprague Electric Co 46, 47 
St. Regis Paper Co.   22 
Stackpole Carbon Co.   29 

Stonite Coil Corp.   155 
• Sylvania Electric Products, Inc. 

Special Tube Operations   129 
Electronic Tube Div.   17, 18 

• Syntronic Instruments, Inc.   1 54 

* See advertisement in the June, 1959 Mid-Month 
ELECTRONICS BUYERS GUIDE for complete line 
of products or services. 

ANTENNAS 

Pedestal 
Model 1010 

shown 

NOW — available from 
Ainslie Corporation, a 
new remote control. 
positioning pedestal 
capable of handling our 
antennas up to 18 feet 

in diameter in frequen-

cies from 100 to 

10,000 mc. Modifica-

tions available for a 
variety of tracking ap-
plications. Whatever 

your antenna or reflec-
tor requirements may 
be, contact us at our 
new facilities. 

CORPORATION 

531 Pond Street 
South Braintree 85, Massachusetts 
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WHO'S MAKING 
OUT BEST? 
A quick, 3-minute Financial Round-

up that names electronics companies 
that have achieved substantial financial 
gains. 'hiIs where they are and what 
they make. 

Fast visual summary of active stocks 
each week in the electronics industry. 
New public issues. Stock price averages. 

This highly readable score card helps 
keep you informed on what counts most 
on the financial front. This is just one 
more reason why you should subscribe 
to electronics (or renew your subscrip-
tion). Fill in box on Reader Service 
Card. Easy to use. Postage free. 

FIND WHAT 
YOU NEED IN... 

electronics 

* Technology Instrument Corp.   5 

• Telrex Laboratories   187 

o Texas Instruments Inc., 
Semiconductor-Components 

Division  64, 85 
Tower Construction Co.   146 

• Trio Laboratories, Inc.  140, 141 
• Tung-Sol Electric, Inc.   87 

United States Testing Co., Inc. .... 18 6 

• Vitramon, Inc.   

• Vitro Chemical Company   

Waters Manufacturing, Inc.   

Westinghouse Electric Corp. ... 90, 

Professional Services 

118 

21 

48 
91 

161 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT 
OPPORTUNITIES  162, 163, 164 

SPECIAL SERVICES   161 

EQUIPMENT 

(Used or Surplus New) 
For Sale   161 

ADVERTISERS INDEX 

A.T.S. Inc.   161 

Grumman Aircraft Engineering Corp.   163 

International Business Machines Corp.   164 

Liberty Electronics Inc  161 

Philco Western Development Laboratories 164 

Sikorsky Aircraft   162 

Stern, H. D., Co.   161 

* See advertisement in the June, 1959 Mid-Month 

ELECTRONICS BUYERS GUIDE for complete line 

of products or services. 

This index and our Reader Service Numbers are pub-

lished as a service. Every precaution is taken to make 

them accurate, but ELECTRONICS assumes no re-

sponsibilities for errors or omissions. 

BRUCE A. WINNER, Advertising Sales Man-

ager. R. S. QUINT, Assistant Advertising 

Sales Manager 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. 
PITTSBURGH: David M. Watson. 
PHI LA DE L PH I A Warren H. Gardner, William 

J. Boyle. 
CHICAGO: Harvey 
Gallay. 
CLEVELAND: P. T. Fegley. 

SAN FRANCISCO: T. H. Carmody, R. C. Alcorn. 

LOS ANGELES: Carl W. Dysinger, 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. 

W. Wernicke, Martin J. 

USE 
THE 

BUYERS' 
GUIDE 
ASA 

MARKETING 
TOOL 

You'll find key information from the 
marketing viewpoint in the electronics 
BUYERS' GUIDE. It will help you to see 

the whole picture of industry activity 
clearly. 

You'll find facts about the markets ... 
materials ... design—available nowhere 
else. 

You'll find who makes which products 
and where they are located. 

You'll find a reflection of the size, in-
terests and stature of more than 4,000 
companies. 

Best of all, the BUYERS' GUIDE and 
Reference Issue is accurate, complete 
and authoritative. You can act on the 
information it gives you. o 

FIND 
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YOU 

NEED 

IN 

hM 

MW 

B UYERS' 

ElUIDE 
a»d REFERENCE last.YE 

1,611110N.PBODUCTION. On 

THE electronics 
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For high-accuracy 
data logging...to checkout 

missiles or meters, to test transducers 
or transistors. checkout a 

KinTel digital 
system 

This system, one example of 
KIN TEL'S digital system 
experience, takes eight meas-
urements at each of 7200 
different data points. Outputs 
include visual readout, 
digital printer, X-Y recorder, and 
tape punch. Tape is perforated 
for direct entry into a digital 
computer. To provide 0.01% 
accuracy for low-level inputs, 
alternate channels scan calibra-
tion signals. These, with the 
unknown input signal, are fed 
to the computer and correction 
is made for any inaccuracy 
in the system itself. 
Cost: about $20,000. 

...or like this 

c147tIrtieln 
fe.egigté 

+1 8-454 . 

090 

at, 

This data system consists of 
a KIN TEL 453M scanner and 501 
DC digital voltmeter, plus a 
parallel entry printer. Briefly, the 
system will accept 400 one-wire, 
200 two-wire, or 100 four-wire 
inputs, and will provide both 
visual and printed indication of 
the channel being scanned 
and DC input signals from ±100 
microvolts to -1- 1000 volts. 
Accuracy is 0.01% -± 1 digit, and 
ranging and polarity indication 
are automatic. The complete 
system costs approximately 
$6850. At the present time, 
delivery is off the shelf. 

KIN TEL 

DIGITAL SYSTEM 

CAPABILITIES 

You can have any number of channels: 
A single 453M scanner ($2500) 
accepts 400 one-wire, 200 two-wire, 
or 100 four-wire inputs. Additional 
scanners can be added if more in-
puts are required. 

You can measure DC from -±-1 e to 
±1000 volts: The KIN TEL 501 DC 
digital voltmeter ($2995) measures 
from -2--100 gv to +1000 volts. Addi-
tion of a KIN TEL digital preampli-
fier increases sensitivity to lyv DC. 

You can measure AC from 10 pv to 
1000 volts: Addition of a 452 AC con-
verter ($850) to the 501 DC digital 
voltmeter permits measurement of 
RMS AC voltages from 1 mv to 1000 
volts in the frequency range of 30 
cps to 10 kc. A KIN TEL preamplifier 
can be added to increase AC meas-
urement sensitivity to 10 gv from 
30 cps to 2 kc. 

You can measure DC/DC and AC/DC 
voltage ratios: The 507B digital volt-
meter/ ratiometer( $3835 ) measures 
DC voltages from 100 gv to ±-1000 
volts and DC/DC ratios from 
.0001:1 to 999.9:1. Accuracy is 
0.01% ±-1 digit. Addition of an AC 
converter permits AC/DC ratio 
measurements. 

You can get 0.01% DC and 0.2% AC 
accuracy: The KIN TEL 502 AC/DC 
digital voltmeter ($3845) measures 
DC from +100 e to -1:1000 volts 
with 0.01% -±-1 digit of reading 
accuracy; and AC from 1 mv to 
1000 volts, 30 cps to 10 kc, with 
0.2% of full scale accuracy. 

You can have 10,000 megohm input 
impedance: The KIN TEL 458A digital 
voltmeter preamplifier ($1225) has 
gain positions of 100 (for DC and 
30 cps to 2 kc AC measurement) 
and +1 HI Z (for DC only). On the 
+1 gain position input impedance 
is >10,000 megohms and gain accur-
racy is 0.001( Input range for +1 
operation is 0 to 40 volts. 

You can have visual, printed, or any 
other form of output: KIN TEL digital 
voltmeters provide visual indication 
of the measured quantity on a single-
plane in-line readout. They are cap-
able of directly driving commerci-
ally available 10-line parallel input 
digital printers. Converters are avail-
able for driving other types of print-
ers, paper tape punches, typewriters, 
and IBM card punches. 

To find out how a KIN TEL digital system can solve your particular 
data acquisition problem, send us an outline of your require-
ments, or contact your nearest KIN TEL engineering representative. 

KIN TEL 
1=01,/1510,1 CDF 

5725 Kearny Villa Road, San Diego 12, California ec LAE c. 



The 
next 
step 
forward 
for 
entertainment 
equipment 

Now commercially available for TV and FM tuner designs 

2 to 4 db better NOISE FACTOR than tubes currently in use 

Superlative Performance—and not just tiny size—is the reason this latest RCA nuvistor 
triode should soon be the preferred rf-amplifier tube in entertainment equipment. 
Nuvistorized TV tuner circuits can make possible excellent reception in fringe areas 
where reception is now unsatisfactory. 

Noise Factor is 2 to 4 db better than that of other tuner tubes in commercial use. In 
addition, this mighty midget provides this unmatched combination of advantages: 

Excellent Signal Power Gain 

High Transconductance PLUS high gm to It, ratio (12500 µmhos at 8 milliamperes 
and 70 volts) 

Very Small Power Requirements: Plate and heater input—each less than 1 watt. PLUS 
ALL THE INHERENT ADVANTAGES OF Nuvis-roR DESIGN: exceptional reliability, excellent 
stability, extreme ruggedness, small size, light weight, high unit-to-unit uniformity, 
extreme sensitivity, very high input impedance, and high perveance. The last word in 
entertainment rf-amplifier triodes is nuvistor 6CW4! 

For further information, see your RCA Field Representative—or write to RCA Electron 
Tube Division, Commercial Engineering, Section F-19-DE-4, Harrison, N. J. 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

in TV receivers. 

Heater, for Unipotential Cathode: 

Voltage (AC or DC) 

Current at 6.3 volts 

6.3 -± 10% volts 

0.13 amp. 

TYPICAL OPERATION 

Plate Voltage 

Grid Supply Voltage 

Grid Resistor 

Amplification Factor 

Plate Resistance (Approx.) 

Transconductance 

Plate Current 

70 volts 

0 volts 

47000 ohms 

68 

5440 ohms 

12500 µmhos 

8 ma 

RCA ELECTRON TUBE DIVISION—FIELD OFFICES 

EAST: 744 Broad Street, Newark 2, New Jersey 
HUmboldt 5-3900 
MIDWEST: Suite 1154, Merchandise Mart Plaza, 
Chicago 54, Illinois, WHiteholl 4-2900 
WEST: 6355 E. Washington Boulevard, 
Los Angeles 22, California, RAymond 3-8361 


