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4 Reasons Why 
Scientific-Atlanta 

builds GR Unit Oscillators 
into their Equipment 

ANTENNA UNDER TEST 

1. Reliability 

2. Three units provide 
complete overlapping coverage 
from 50 Mc to 2000 Mc 

3. Tuning ret:eatability 
REMOTE 

. High output power TUNED 
SIGNAL SOURCE 

TRANSMIT—ING 
ANTENNA 

G-R Unit Oscillators are integral components of Scientific-

Atlanta's Model SS-31 Remote Tuned Signal Source. A typical re-

mote tuned Scientific-Atlanta antenna pattern range using the G-R 

Unit Oscillators is shown above. The three Oscillators, providing 

r-f power in the 50- to 2000-Mc range, are mechanically ganged 

and driven by a closed-loop servo system. Remote tuning and band 

switching are performed at distances of one mile or more. Output 

power of at least 80 mw into 50ct is delivered by the Unit Oscillators. 

Other G-R "Building Block" Unit Oscillators are available covering the fHquen.-q raige from 2k to 7.4 Cr. 

Write for Complete Information 

50 
to 

250 M 

Type 1215-B 
Unit Oscillator .... $210 *1% 
accuracy — 80 mw minimLm 
output nto 5011; 200 mw o‘..er 
most of range 

250 
to 

920 Mc 

Type 1209-B 
Unit Oscillator .... $260 
accuracy — 200-mw output into 
500; 300 mw over most of range 

900 
to 

2000 Mc 

Type 1218-A 
Unit Oscillator ... $465 *I% 
accuracy — 200-mw output into 
500 
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CROSSTALK 

ANTENNAS. Time was when an antenna was a 
length of wire stretched between a couple of 
insulators, or an equally simple loop, rod, coil or 
whip. All that has changed. 
Now there are dishes and arrays of dishes, 

yagis and slotted waveguides, conical horns and 
pyramidal horns, spirals, pinwheels and antennas 
that look like fishbones. 
Our favorites, for visual drama, are the gi-

gantic, upended gridirons used in big radar sys-
tems, and the equally huge antennas favored by 
radio astronomers, like England's Jodrell Bank 
dish or the one the U. S. is building at Sugar 
Grove. 
One of the latest ideas in radio telescopes is 

represented by the picture at left, sent us by 
Stanford University. To save money and make 
an expandable system, they would erect an 
echelon of huge, tiltable panels. Stanford says 
it would look like a big venetian blind. 
However, this is getting us off the subject 

of the different forms of antennas now of in-
terest to the average electronics engineer. 

This week, we are publishing a survey of fre-
quency-independent antennas, by J. D. Dyson, 
of the University of Illinois. Many of the more 
complex configurations are included, so Dyson's 
review should go a long way toward clearing up 
any confusion. He covers a lot of ground, with-
out dwelling overlong on any particular antenna. 
But if details must be had, there are 78 refer-
ences. 

BONUS. We remember once a few years ago, 
after we had routinely sent our honorarium for 
an article to the author, he called and said: "How 
did you know I was getting married next week? 
I'll spend the check on my honeymoon !" Turned 
out he didn't know we paid for bylined articles. 
A doubly-delighted author, we imagine, is 

E. G. Gear, of General Dynamics/Electronics. 
We published his article, Manufacturing Molded 
Electron Guns, in our Production Techniques de-
partment February 23. GD/E has just announced 
that the article qualified Gear for the company's 
$150 writing award, a nice windup to a two-year 
R&D program that resulted in the article and— 
more importantly—contributed to more rugged 
cathode-ray tubes. 

- - 
- 

- -"" 

- - - 

FISH HERDING. Providing and protecting man's 
food supply is the most ancient and basic of 
industries. It is an industry that electronics 
has paid considerable attention to, but usually 
indirectly in the form of processing controls, 
soil testers, tractor remote controls and similar 
equipment. 

This week, on page 50, C. D. Volz, of the U. S. 
Fisheries Bureau, tells about a system that 
could be called an electronic shepherd. 
On the western rivers, dam builders are care-

ful not to frustrate the salmon's breeding pil-
grimage to the spawning grounds. Fish ladders 
or locks are usually built so the adult salmon 
can climb over the dam. The baby salmon must 
also be helped to reach the sea if it is not to add 
a small contribution of kinetic energy to the hy-
droelectric turbine. 
Sometimes ladders and locks cannot be pro-

vided, for example when a dam is under con-
struction. Then the salmon must be trapped 
and transported to safe water. This is where 
Volz's system comes in. 
A fence of vertical electrodes placed in the 

river produces a directional electric field in the 
water. The fish are urged into traps or bypass 
streams. In several months of operation at the 
Brownlee Dam site on the Snake River between 
Oregon and Idaho it has rescued some 16,000 
salmon and steelhead trout. 
The fence requires a 360-Kw supply pulsed 

under ignitron control and so is no installation 
to be taken lightly. In fact, the circuit might 
be useful in high-power industrial electronic 
equipment. 
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WIREWOUND RESISTORS 
Sprague builds reliability .... ef-
ficiency .... economy right into 
minified Blue Jackets with these 
important features: 

*All-welded end-cap construc-
tion with special vitreous-en-
amel coating for total protec-
tion against humidity, mechan-
ical damage, heat, corrosion 
gives long-term dependability 
under severe environmental 
conditions 

*Available in resistance toler-
ances as close as -± 1% 

*Low in cost ... quick and easy 
to install 

Tiny axial-lead Blue Jackets are 
specially designed for use with 
conventional wiring or on print-
ed boards in miniature electron-
ic assemblies. Write for com-
plete technical data in Sprague 
Engineering Bulletin 7410B. 

SPRAGUE ELECTRIC COMPANY 
35 Marshall Street, North Adorns, Mass 

COMMENT 

Minaturization and Mayhem 

My daughter has a transistor 
radio; I have a transistor radio. 
These items have stimulated my 
imagination. Why not utilize the 
transistor and other miniaturiza-
tion to make an "our song" locket-
sized music box? Millions of teen-
agers have an "our song" that is 
meaningful to them. The music box 
—which I call Canto—should be 
small enough to be worn on a charm 
bracelet or as a locket, or pinned to 
a young lady's dress. If it can be 
so miniaturized that it can be made 
part of an earring, that would be 
desirable. I recommend that you 
consider microfilm as well as wire-
recording for the Canto. The music 
should be cartridge-loading so that 
the Canto can be used as a portable 
record player as well as an "our 
song" music box. 
I believe the Canto can be made 

no larger than my wristwatch. If it 
can be sold for five dollars or less, 
it will be another Coca-Cola. At ten 
dollars, the Canto should have sales 
comparable to transistor radios. To 
cut costs, your preferred approach 
quite possibly would be to design 
the Canto, then have a Japanese 
manufacturer make them. The vari-
ous recording companies will flood 
the market with cartridges to fit 
the Cantos. 
I believe the Canto will provide 

considerable pleasure and profit to 
all concerned. 

R. A. PURIFOY, JR. 

Abilene, Texas 

Fortunately, the present state of 
the miniaturization art is not 
equal to the task required here. 
And even when such midget music 
boxes do become feasible, it is to 
be hoped that, long before that 
time, there will have been enacted 
some local or national law such as 
the Paris ordnance passed a year 
or two ago, forbidding the playing 
of radios in the street or subway. 
To some, this may seem to be a re-
striction of freedom, but it does 
allow a person to listen to what he 
likes, rather than to whatever 
someone else prefers. 
The radio-to-the-ear syndrome 

is a common characteristic among 
many of our young pedestrians, 
and it is only luck and youthful 
agility that keeps them from being 
run over while crossing the street, 
listening glassy-eyed to the latest 
twist hit. 
The future looks bleak indeed, 

if one foresees receivers that fit in 
the ear, and our teenagers so en-
raptured by the music that they 
neither know nor care whether the 
sky is blue or black, the grass 
green or withered, the world turn-
ing or stopped. Mixed indeed are 
the blessings of miniaturization, 
electronics, and civilization. 

Soldering 

A most informative Production 
Techniques article by Stephen W. 
Mahon, School for Solderers, Old 
and New (p 92, Sept. 8, 1961), men-
tioned a film, "The Art of Soft 
Soldering." 
As a consultant on the type of 

wiring and soldering the author ap-
pears to be concerned with, I have 
for years felt the need of audio-
visual aids in this area, and I am 
pleased indeed to know such a film 
has been produced. I am at present 
working with the Hallicrafters 
Company on a program to train 
wirers and especially solderers. 
My question is, of course: How 

does one obtain the film, and for 
how much? Is it possible to preview 
it to determine how and where the 
film would fit into our training? 

Mrs. HAROLD S. SHARP 
The Hallicrafters Company 
Chicago, Illinois 

Author Mahon replies: 
The film "The Art of Soft Solder-

ing" is available for review and/or 
purchase ($55.00) from the Pre-
cision Film Laboratories, Inc., 21 
West 46th Street, New York 36, 
N. Y. We have found another film 
entitled "Tips On Irons" to be 
equally as good. This is also avail-
able for review and/or purchase 
($275.00), from the American Elec-
trical Heater Company, 6110 Cass 
Avenue, Detroit 2, Michigan. 

S. W. MAHON 
Westinghouse Electric Corp. 
Baltimore, Maryland 
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ARNOLD: 
WIDEST SELECTION OF 
MO-PERMALLOY POWDER CORES 
FOR YOUR REQUIREMENTS 
For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores . . . 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260" to 5.218" OD. 

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

High-permeability cores of 173 Mu 
are now available in most sizes. These 

cores are specifically designed for low-
frequency applications where the use 
of 125 Mu cores does not result in 
sufficient Q or inductance per turn. 
They are primarily intended for appli-
cations at frequencies below 2000 cps. 
Most sizes of Arnold M-PP cores 

can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci-
fication of —55 to +85° C ... another 
special Arnold feature. 
Graded cores are available upon 

special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of + 

or —8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 

Let us supply your requirements for 
Mo-Permalloy powder cores (Bulletin 
PC-104C). Other Arnold products in-
clude the most extensive line of tape-
wound cores, iron powder cores, per-
manent magnets and special magnetic 
materials in the industry. • Contact 
The Arnold Engineering Co., Main 
Office and Plant, Marengo, Illinois. 

ADDRESS DEPT. E-4 

ARNOLD 
SPECIALISTS In MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 

CITIES • Find fhem FAST in lha YELLOW PAGES 

1187A 
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Now: with this Eimac TWT package 
you don't replace the whole unit. 

1 

Just the tube. 
Eimac brings you the X-1100—a remarkable new kind of TWT PPM package: the TWT can be easily replaced. You simply plug 

in a new tube. (With little or no adjustment.) Designed for communication links, the X-1100 operates at 5.9 to 7.5 Gc with 

at least 5 watts linear output power and a gain of 43 db. It was engineered to operate with depressed collector, further increas-

ing efficiency and contributing to long life. And it's available now. This is another example of the way Eimac research, engineer-

ing and manufacturing capability meet tomorrow's tube needs today. Another reason to keep your eye on Eimac—for advanced 

microwave tubes, high power klystrons, power grid tubes, and accessory products. Eitel-McCullough, Inc., San 

Carlos, California. Subsidiaries: Eitel-McCullough, S.A., Geneva, Switzerland; National Electronics, Geneva, Ill. 

KEEP YOUR EYE ON 
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ELECTRONICS NEWSLETTER 

West Germany Slashes Space Budget 

BONN—West Germany has sliced $6.25 million off the $15 mil-
lion it had planned to budget for space research this year. The 
Bonn government feels it can't afford more in view of its unbalanced 
budget and growing concern over the nation's weakening economic 
health. 
The originally planned $2.5 mil-

lion for the European Space Re-
search Organization will be dropped 
to $1.25; the European Launching 
Development Organization will get 
$5 million instead of $7.5 million, 
and support of domestic space re-
search programs will be cut from 
$5 million to $2.5 million. 
Behind the cuts is Bonn's first 

serious deficit budget in years and 
a rising fear of inflation. Ger-
many's 1962 record budget of over 
$13 billion involves nearly a $1 bil-
lion deficit. In addition, wages have 
been climbing 10 percent a year 
while productivity has increased 
less than four percent. Business-
men are beginning to pass on rising 
labor costs in higher prices. 
To help balance the budget and 

reduce the inflationary effect of 
government spending, Bonn has 
singled out space funds and federal 
housing support for reductions. 

Signals Got Through 
Mercury Reentry Shield 

HOUSTON—R. D. Gilruth, director 
of NASA's Manned Spacecraft 
Center, said at SWIRECO last 
week that the unexpected perform-
ance of radar tracking Col. John 
Glenn's Mercury capsule may ease 
the problem of tracking returning 
Apollo spacecraft. Signals got 
through the ionized air layer dur-
ing reentry at 3,000-deg tempera-
ture and reached a reflector on the 
capsule. It was thought that r-f 
signals would be blocked. 

Magnetic Field May Cut 
R-F Window in Plasma 

BOSTON—To determine experimen-
tally if r-f windows can be opened 
in the plasma sheaths that cause 
communications blackout during 
reentry, flight tests will be made of 

the effects of magnetic fields upon 
anisotropie properties of plasma. 

It was disclosed at the Air Force-
sponsored Plasma Sheath Confer-
ence last week that Aeronautical 
Systems Division, Wright Field, 
plans to try it with a niobium-tin 
superconducting magnet. 
The magnet, cooled by a liquid 

helium dewar with a liquid nitrogen 
jacket, would generate about 10 
kilogauss. During powered reentry 
at 18,000 fps of a Trailblazer II ve-
hicle, an attempt will be made to 
transmit data for 10 sec at about 3 
Gc. The system is to be built by 
Bendix. 

Chopper Works Like 
Matched Transistors 

INTEGRATED semiconductor chopper 
device was introduced last week by 
National Semiconductor Corp. of 
Danbury, Conn. The component has 
a collector, base and two emitters. 
Operation resembles that of two 
high-speed switching transistors 
with their collectors tied together, 
but eliminates the thermoelectric 
difficulties associated with such a 
connection and the matching of 
transistor characteristics generally 

required in two-transistor chop-
pers. Units offered have offset volt-
age within 200 and 50 »v. 

British Moviemaker to 
Buy Electronics Firm 

LONDON—The Rank Organization 
Ltd. will make a $14.4 million take-
over bid for Murphy Radio Ltd. 
Murphy is a radio, tv and electronic 
equipment manufacturer and also 
has a 10-percent interest in British 
Relay Wireless and Television Ltd. 
The Rank offer of stock and cash 

caught London's financial commu-
nity by surprise last week, since 
Thorn Electrical Industries Ltd. 
has been discussing purchase with 
Murphy. Later, Thorn and also 
Philips Lamp, of the Netherlands. 
said they are not entering the bid-
ding. Rank also owns Bush Radio. 

Bendix Sells Mobile 
Communications Group 

DETROIT—Railroad and Mobile Com-
munications Products Group of the 
Bendix Corporation's Radio divi-
sion, Baltimore, has been acquired 
by the Union Switch and Signal div. 
of the Westinghouse Air Brake Co., 
of Pittsburgh. 
Bendix will operate the business 

until June 1, after which it will be-
come part of Union Switch & Sig-
nal's Railway and Industrial Com-
munications Products Group, the 
announcement said. 
The product transfer includes 

72-v and 12-v transistor transceiver 
units for trains and vehicles, 117-v 
base stations and centralized radio 

Japanese Use Telemetry to Train Athletes 

TOKYO—Leading topic at a recent medical telemetering sympo-
sium here was the use of telemetering to train athletes for the 
1964 Olympics. Transistor transmitters are carried by the ath-
letes. 

Heart, muscle, brain and respiration data are used to deter-
mine effects of stress and recovery on athlete and also to evalu-
ate athletes and their training programs. 
Among other reports; most transmitters used in medical te-

lemetering employ f-m—f-m modulation, but one speaker said 
that best performance is obtained in systems with more than 
five channels by using an a-m—f-m system 
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control equipment including two-
way systems for police, fire, govern-
ment, industry and general com-
mercial use. Bendix said the 
transfer does not include marine 
communications equipment pro-
duced by its Pacific division. 

One Instrument Company 
Is Bought by Another 

FAIRCHILD Camera and Instrument 
Corp. has acquired the assets of Di-
Tran Corp., a Los Angeles instru-
mentation firm, in a cash transac-
tion. The facility, including a 
20,000-sq-ft test equipment plant, 
has been assigned to the instrumen-
tation department of Fairchild 
Semiconductor division. Fairchild 
indicated the purchase was to ex-
tend its instrument line. One of Di-
Tran's major products is a multi-
purpose component tester. 

Two-Way Doppler Systems 
Track Orbital Satellites 

SAN FRANCISCO—Two-way doppler 
systems for tracking orbital satel-
lites are being installed by the 
Navy's Military Sea Transporta-
tion Service on three Pacific Mis-
sile Range ships. The system meas-
ures the round-trip doppler shift in 
radio transmissions between the 
ships and satellites, providing more 
accurate position information than 
the one-way systems formerly used. 

Amateurs Will Attempt 
Satellite Relay at Vhf 

BOSTON—A group of 83 amateur 
radio operators called the Office of 
Satellite Scatter Coordination will 
attempt to extend the reliable range 
of vhf amateur radios to 1,000 
miles by using Echo A-12 as a re-
lay. The 135-foot reflector is sched-
uled for launch late this year. 
Transmission will be at 144 Mc. 
OSSC, headed by Raphael Soifer, 

an MIT student, will be assisted by 
ARRL and by NASA, which will 
supply tracking data. Nonaffiliated 
amateurs with suitable equipment 
have been invited to participate. 
OSSC successfully carried out two-
way satellite communications in 

1960, using the ionized trails of Ex-
plorer II and Sputnik III. 

Battery-Powered Lamp Has 
Two-Transistor Inverter 

PORTABLE fluorescent lamp powered 
by flashlight batteries was demon-
strated in Los Angeles last week by 
ITT's Industrial Products division. 
The lamp uses an inverter contain-
ing two power transistors to con-
vert the d-c to high-frequency a-c, 
also has a dimmer and ferrite-core 
transformer. ITT says it will sup-
ply light intensity equivalent to 
that of a 50-watt incandescent bulb 
for 15 hr. 

NASA Plans $2 Million 
Space Education Program 

CHICAGO—NASA will begin a $2 
million training program next fall 
for 100 students at 10 universities. 
Aimed at increasing the supply of 
space scientists and engineers, the 
program calls for each university 
to experimentally train 10 pre-
doctoral students in the first year 
of the program. 

Grants of $2,400 a year, plus ex-
penses up to $1,000 a year will be 
given students for up to three 
years. Universities will be reim-
bursed for expenses. Universities 
include Rensselaer Polytechnic In-
stitute, Georgia Institute of Tech-
nology, Universities of California, 
Chicago, Iowa, Maryland, Michigan 
and Minnesota, Texas A & M and 
Rice University. 

Size of Plasma Engine 
Is Cut by 50 Percent 

TARRYTOWN, N. Y.—Republic Avia-
tion has reduced the size of their 
pulse plasma engine by 50 percent, 
Alfred Kunen reported at a meet-
ing of the American Physical So-
ciety here. 
The engine is about 1 ft in diam-

eter and is operated by less than 
100 watts of electrical power. The 
earlier engine (p 28, Oct. 13, 1961) 
was 2 by 2 ft in size and required 
1 Kw. Efficiencies and specific im-
pulse seem practical for electrical 
propulsion, he said. 

In Brief . . • 

AIR FORCE has awarded North 
American Aviation a $16-million 
contract for R&D on Minuteman 
ICBM guidance and control. 

SPERRY RAND has a $5.6-million 
Navy contract for missile com-
puters. 

BABCOCK ELECTRONICS will produce 
electronic control systems, and 
transmitters for Navy under 
$3.9-million contracts. 

TOSHIBA has upped its diode pro-
duction from 1.2 to 2.1 million a 
month and expects to go to 2.8 
million next month. Increase is 
mostly high-frequency german-
ium types for export to U. S. 

LASER using a Kerr cell as a pulsed 
reflector has reportedly reached a 
peak power level of 10 Mw for 35 
nsec, at Hughes Research Labs. 

FACSIMILE and teletypewriter com-
munications system installed be-
tween Titan ICBM bases and 
logistic headquarters, by Martin-
Denver, has been placed in opera-
tion. 

BELL TELEPHONE LABS reports that 
pure molybdenum is a supercon-
ducting element. However, tran-
sition temperature of 1 K makes 
its use as a superconducting mag-
net unlikely. 

SUBCONTRACTS awarded by Au to-
netics for Minuteman compo-
nents include $1.2 million to RCA, 
wired structural packages; $1.3 
million to Minneapolis-Honey-
well, gyros; $750,000 to Tran-
sitron semiconductor devices; 
$370,000 to Fairchild Semicon-
ductor, transistors. 

FLIGHT CONTROL computers for Sa-
turn program will be built by 
Electronic Communications un-
der $174,000 NASA contract. It 
is add-on to $128,000 R&D con-
tract. 

SYLVANIA has $2.2 million in Army 
contracts for field receiving sys-
tems incorporating monitors, and 
$570,000 Air Force award for 
doppler radar navigation system 
components. 
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freeze 'em, fry 'em! 
We took a dozen Hoffman 1N1357 ten watt regulators 
and froze them into ice cubes. Then we dumped the 
cubes into boiling oil. Finally, we tested the regulators 
in a circuit. All twelve continued to function right up 
to specs. No wonder. These straight-from-the-bin, 
standard regulators meet thermal shock requirements 
of MIL-S-19500 and operate at —65°C to +°175°C. 

They are the same type device that have achieved a 
99.058% 1000 hr. Survival Rate Factor after 350.480 
component operating hours at 100°C and 6 watts 
power dissipation. Our 1N1357 stands up in every 
way, like all Hoffman semiconductor devices. 

We specialize in devices for control, regulation and 
power. You can buy them with confidence that they'll 
work and keep on working. Confidence that they'll be 
available when and where needed. That's why so many 
of the most successful electronics designers keep 
coming back to Hoffman—again and again and again. 
Chances are you'll do the same. Try us. Call your 
nearest Hoffman distributor or sales office today. 

I o man / ELECTRONICS CORPORATION 
Semiconductor Division 

1001 N. Arden Dr., El ?stem, Call( • ( '191 • I N /.1 Mont, 9,35 
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100 MC solid state counter 

Measure Time Interval, 
10 Nanoseconds to 0.1 Second 
with 10 Nanosecond Accuracy! 

Now you can get 10 nanosecond resolution in wide-
range, automatic digital measurement of extremely 
short time intervals. 

Electronic counter accuracy is yours for such mea-
surements as explosive burning rates, speed and ac-
celeration timing of test vehicles in free-flight wind 
tunnels, and measurements of a broad range of nu-
clear phenomena. 
The new » 5275A Time Interval Counter, incorpo-

rating solid state components, is packaged in the 
convenient new space-saving » universal module. 
It counts 100 megacycles, obtained from an external 
1 MC standard by a 100-to-1 multiplying circuit in 
the counter. 

Standard features on the » 5275A Time Interval 

Counter include manual front-panel reset, plus auto-
matic and remote reset. A 4-line BCD output per-
mits easy connection for automatic processing and 
analyzing of data and also may be used to drive the 
e 562A Digital Recorder. The unique » data stor-
age technique provides a non-blinking display which 
reduces eye fatigue thus reducing reading errors. 

Significant to many special measurement prob-
lems, as many as 20 » 5275A Counters may be op-
erated from a single external oscillator (new e 101A 
described below). In addition to saving valuable 
rack space, this multiple counter operation from a 
single stable precision oscillator provides improved 
performance over multiple-time-base systems, saves 
operator time and offers real economy. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4 

New versatility in a stable, accurate, rugged 
modular 1 megacycle oscillator! Use as a 
counter time base or moderately priced 
secondary standard! 

fe 101A 1 MC OSCILLATOR Designed specifi-
cally as the time base for 5275A Time Interval Counter, 
the new ie 101A provides five parts in 10' per week sta-
bility. It also permits increased measurement accuracy 
as a time base for other electronic counters. 
The (ie 101A is a solid state version of the time-proved 

oscillator used in (i0 524C/D Counters and in the 4, 100E 
Secondary Frequency Standard. Long-term stability of 

5/10s per week is 
achieved by the 
use of a high qual-
ity quartz crystal 
and by housing 
critical compo-
nents in a well reg-
ulated oven. Short-term stability, including effects of 
line, load and ambient temperature variation, is better 
than 3/10s. Its rated output of 1 y rms into a 50 ohm load 
makes it useful for improving the accuracy of counters 
limited by their own internal time bases. 523C/D 
Counters will operate directly from the 1 MC output of 
the 101A, and an optional 100 KC output is available for 
use with counters requiring it. 
The 101A also is housed in the new modular pack-

age, equally suitable for benchtop or rack mount appli-
cations. 
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SPECIFICATIONS 
c!e 5275A T 

Range: 
Resolution: 
Accuracy: 

Time Base: 

Registration: 

Reads In: 
Input Requirements: 

Input Impedance: 
Output: 
Minimum Trigger 
Pulse Requirement: 

Trigger Polarity: 

Reset: 

IME INTERVAL COUNTER 

10 nanoseconds to 0.1 seconds 
10 nanoseconds 
-± 10 nanoseconds, -± time base 
accuracy 

External 1 MC required. fe 101A 
recommended 

7 places, direct digital presentation 
in neon columns 

Microseconds, with decimal point 
Start and stop trigger pulses through 
separate channels 

Approx. 50 ohms 
4-line 1-2-2-4 BCD 

3.0 volts peak, 1.0 volt per nanosec-
ond rise time, 5 nanoseconds width 
at 50% point 

Selectable, positive or negative, for 
each channel independently 

Automatic, manual (from front panel), 
or remote through rear-mounted 
terminal 

ef) 5275A TIME INTERVAL COUNTER 

Standard Frequency 
Counted: 

Operating Temperature 
Range: 

Dimensions: 
Price: 

101A 

Stability: 

Output Frequency: 

Output Voltage: 
Source Impedance: 
Distortion: 
Oven Temperature 

Indicator: 
Frequency Adjustment: 

Dimensions: 
Price: 

100 MC 

—20° to + 65° C 
163/4 " x 31/2 " x 11 1/2 " deep, 15 lbs. 
$3,250.00. 

1 MC OSCILLATOR 

Short-term: 3 parts in 108; long-term, 
5 parts in 108/week 

1 MC sinusoidal, 100 KC optional. 
Rear BNC connectors 

1 y rms minimum into 50 ohm load 
Approx. 15 ohms 
Less than 4% with rated load 

Front panel dial thermometer 
Front panel screwdriver adjustment 
with range of approximately 1 part 
in 106 for calibration from primary 
standard 

163/4 " x 31/2 " x 111/2 " deep, 10 lbs. 

$500.00. 

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

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road Palo Alto, California, U.S.A. 

Cable "HEWPACK" DAvenport 6-7000 
Sales representatives in all principal areas 

HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable "HEWPACKSA" Tel. No. (022) 26. 43. 36 
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WASHINGTON OUTLOOK 

47 MISSILES 

WILL TEST 

NIKE ZEUS 

SENATE IS 

EXPECTED 

TO PASS 

EQUIPMENT 

TAX CREDIT 

UPDATE 

PATENT 

OFFICE 

NIKE ZEUS ANTI-MISSILE missile system tests will include 47 
ICBM missile launchings from Vandenberg Air Force Base in California 
to the intercept point near tiny Kwajalein Island in the Pacific. The 
firing frequency will be about two to three a month, extending the 
program over an 18-month period or longer. 

Primarily, the Nike-Zeus tests will concern the electronic intercept 
system with particular emphasis on the ability of the interceptor to 
select out decoys from the actual warhead. 
At present, there are no plans to fire live atomic warheads in the 

test, although the possibility is not discounted toward the end of the 
test period. 

THE ELECTRONICS INDUSTRY is precisely the kind of 
growth industry that the administration wants benefited by its pro-
posed tax credit on investment in new production equipment. 
Companies would get a reduction in their tax bill of up to seven 

percent of the amount spent on modern equipment, under provisions of 
a bill that passed the House and is now the subject of hearings before 
the Senate Finance Committee. 

But one of the largest companies in the industry—and one that 
would benefit greatly under the tax credit—has testified against it. 
Alexander L. Stott, vice president and comptroller of AT&T, said that 
he saw "no justification" for his company to use "tax monies to finance 
our expansion." 
Under the House-approved bill, regulated public utilities would get 

a three percent credit. Based on AT&T's construction program for 
1962 of about $2.8 billion, the company would be entitled to about a 
$75 million tax saving. 

'I he administration is opposing the tax credit for utilities, on the 
grounds that they are guaranteed a profit by law and are required by 
law to expand to serve the needs of their market. But the electric 
utilities, particularly, lobbied for the credit in the House, and won their 
point. 
The tax credit faces rough going in the Senate Financing Committee. 

A majority of the members are opposed. The Senate itself is deemed 
to be more favorable to the administration's requests in this area than 
the committee. 

WHAT SOME OFFICIALS are calling the first major Patent Office 
reorganization in 125 years was announced this week by Commissioner 
David L. Ladd. 
The reshuffle, parts of which will be implemented immediately, 

parallels a research and development program under recently appointed 
adviser Ezra Glaser, a programming and data retrieval specialist 
Ladd is using both programs to update the existing patent system 

rather than seek its drastic alteration, in the face of growing backlogs. 
The management reorganization follows the recommendations of a just-
completed 41/2-pound report, six months in preparation. 

Recommendations include faster upgrading of patent examiners, 
sharper divisions between technical and administrative responsibilities, 
better career opportunities and a new Patent Office building. 
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Differentiated Waveform 

1111  1111 v-s-si-s-

DISPLAY OF INTEGRATED 
WAVEFORM—transformer second-
ary voltage integrated and plotted 
against the transformer primary 
current—for enabling study of B-H 
loops of transformer cores. 

INTEGRATOR 

Current 

VOLTAGE 

DISPLAY OF DIFFERENTIATED 
WAVEFORM—tunnel diode in liq-
uid helium—for enabling detection 
of small quantum phenomena at 
low temperature. 

DIFFERENTIATOR 

100V 

10V 

1V 

0.1V 

(0) 

'HI 1111 

le+sec/cm 

DISPLAY OF LOGARITHMIC RE-
SPONSE—two pulses of widely 
varying amplitudes—for enabling 
observation of 100-volt pulse and 
0.1-volt pulse in the same viewing 
area (simplified schematic shown 

below). 

NON-LINEAR AMPLIFIER 

New Operational Amplifier Plug-In Unit Permits 

Oscilloscope Measurements Under Dynamic Conditions 

TYPE 0 

TYPE O OPERATIONAL AMPLIFIER MUG-IN UNIT ,st 
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UNIT L. S. Sa ,, Prscr, I.o b. Bea .:erton. 0-epon $475 

To arrange a demonstration of this highly-adaptable 
Operational Amplifier Unit in your Tektronix Oscilloscope, 
please call your Tektronix Field Engineer. 

TYPE 0 UNIT—for Tektronix Oscilloscopes that 
accept letter-series plug-in units. 

Using this new Operational Amplifier Unit in your Tektronix Oscil-
loscope, you can perform precise operations of integration, differ-
entiation, function generation, linear and non-linear amplification. 

You can accomplish many of these operations by simply manipu-
lating the front-panel controls—for the Type 0 Unit features con-
venient selection of precision input and feedback components. 

You can use the Type 0 Unit as a gated integrator . . . as a high-
input impedance amplifier . . . as a bandpass amplifier . . . as a 
constant-current drive amplifier . . . as a peak-memory amplifier 
. . . as a function generator . . . as a capacitance-measuring device 
. . . as a low-current measuring device .. . and for many and varied 
other specialized operations—some performed with external cir-
cuitry and some without. 

CHARACTERISTICS 
The Type 0 Unit contains two complete operational amplifiers and 
one complete vertical preamplifier. 

Each operational amplifier features 15 mc open-loop gain-bandwidth 
product, open-loop dc-gain of 2500, selectable input and feedback 
impedances, drift rejection for ac integration. The output of one 
operational amplifier can be applied to the input of the other for 
combined operations. 
The vertical preamplifier can be used independently or to monitor the 
output of either operational amplifier. In a Tektronix Type 540-Series 
Oscilloscope, the passband is dc -to-25 mc, the risetime is 14 nsec, and 
the maximum calibrated sensitivity is 50 mv/cm. 

Tektronix, Inc. P. 0. BOX 500 • BEAVERTON, OREGON I Mitchell 4-0161 • TWX—BEAV 311 • Cable. TEKTRONIX 

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. • Atlanta. Ga • Baltimore (Towson) Md. • Boston (Lexington) Mass. • Buffalo, N.Y. • Chicago (Park Ridge) Ill. • Cleveland, Ohio • Dallas, Texas • Dayton, Ohio 
Denver, Colo. • Detroit C.L'• ' .. Village) Mich. • Endicott (Endwell) N.Y. • Greensboro, N.C. • Houston, Texas • Indianapolis Ind. • Kansas City (Mission) han. • Los Angeles, Calif. Area (East Los Angeles 
Encino • Pasadena • West Lss Angeles) • Minneapolls. Minn. • Ne,s, York City Area (Albertson, L.I., N.Y. • Stam(ord, Conn. • Union, N.J.) • Orlando, Fla. • Philadelphia. Pa. • Phoenix (Scottsdale) Ariz. • Port-
land, Ore. • Pi.lighlzinnsie, N.Y. • San Diego, Calif. • San Francisco, Calif. Area (Lafayette • Palo Alto) • Seattle, Wash. • Sy-acuse, N.Y. • Washington. D.C. (Annandale, Va.). 

TEKTRONIX CANADA LTD: • al, Quebec • Toronto (Willowdale) Ontario. 

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented In twenty.five overseas countries by qualified engineering organizations. 

European and African countrses, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative. 

Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. D. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 
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Igle ce Gnpcorter b Eense, f.irr-a-t Corp. 

Get a close-up of growing manpower in 

VIRGINIA'S SHENANDOAH VALLEY 
You're looking at the most valuable crop for new 
industry grown in Virginia's Shenandoah Valley. 
Here the farm tradition of big families is strong. 
Yet increasing farm mechanization is constantly 
freeing more and more of this growing rural 
manpower fo fill new industrial jobs. 
Add to that the small, independent farmer 

tradition of home-rooted conservatism and hard 
work. You'll see why you couldn't find a better 
place, or a pleasanter place to put the power of 

Buchanan New Market 
Buena Vista Staunton 
Goshen 
Grottoes 
harnsonburg 
Lexington 

Wayresbnro 
Woocstock 

today's population explosion to work for you. 
Ask VEPCO for full economic facts about this 
famous Valley . . its plant sites, hospitable 
c&mmunities and nearness to both materials 
and markets. Write, wire or phore. 

A ‘E' 
VIRGINIA ELECTRIC ard POWER COMPANY 
Clark P. Spellman, Manager Area DeveLopment 
Electric Bldg., Richmond 9, Virginia • Milton 9-1411 
Serving the Top-of-the-South with 2,049,000 kilowatts 
—due to reach :3,019,000 kilowatts by 1964. 

14 CIRCLE 14 ON READER SERVICE CARD ele ctr onics 



Refractories Division, 683 New Bond 
Street, Worcester 6, Massachusetts. 

*Trade Marks Reg. U.S. Pat. Off. and Foreign Countries. 

Does your processing, present or 
planned, call for materials that will 
stand up under temperatures as high as 
4000°F. — or under the toughest me-
chanical, chemical, electrical and rádio-
active conditions? 

Norton high purity refractory ma-
terials are meeting those requirements 
for many applications, industrial and 
scientific, protecting equipment ranging• 
from foundry furnaces to space vehicles. 
The large, well illustrated reference 

book shown above tells you all about 

these materials . . . what they are made 
of, how they react, and what they can do 
for you. CRYSTOLON* silicon carbide, 
ALUNDUM* aluminum oxide, MAGNORITE* 
magnesium oxide, NORBIDE* boron car-
bide, fused stabilized zirconia and other 
Norton refractory developments are fully 
described. 

For years this booklet has provided 
information on materials that help solve 
processing problems. For the facts you 
need, write for your free copy of "Norton 
Refractory Grain." NORTON COMPANY, 

REFRACTORIES 
Making better products... 

to make your products better 
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PANEL SWITCHES..,DESIGNED TO MEET 
HUMAN-FACTORS ENGINEERING REQUIREMENTS 
The application of Human-Factors to the engineering 

design of electronic panels and consoles is receiving 

more and more attention today because efficient 

mechanical performance usually depends on efficient 

human operation. 

In applying Human-Factors engineering principles, a 

wide selection of components is necessary. In switches 

important factors are size, operating feel and force, 

mounting means, method of actuation—such as push-

button, toggle, rotary or rocker. In the MICRO SWITCH 

line there are hundreds of switches in many variations to 

Left: An assortment representative of many families 
of switches: Lighted pushbuttons, assemblies of 
pushbuttons and basic switch units, multiple circuit 
designs, and switches with a variety of electrical 
capacities and terminations. 

Visit Booth No. 334 

April 30—May 3 
Design Engineering Show, Chicago 

meet nearly every possible Human-Factors requirement. 

Available are varieties of circuitry, electrical capac-

ities, terminals. For use under severe and hazardous 

environmental conditions, there are heavy-duty sealed 

and explosion-proof switches... and for customized 

panels, multi-circuit miniaturized pushbutton designs 

with miniature lamps under colored buttons. 

No matter what your needs in switches, look to MICRO 

SWITCH. 

See the Yellow Pages for a nearby branch office or 

distributor. Or send for catalogs. 

[ H  
HONEYWELL 

1 

MICRO SWITCH 
FREEPORT, ILLINOIS 

A DIVISION OF HONEYWELL 

IN CANADA: HONEYWELL CONTROLS LIMITED, TORONTO IT, ONTARIO 
HONEYWELL INTERNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD. MANUFACTURING IN UNITED STATES, UNITED KINGDOM, CANADA, NETHERLANDS, GERMANY. FRANCE, JAPAN 

April 20, 1962 CIRCLE 17 ON READER SERVICE CARD 17 



- = 
• Checklist of le; 

helpful 

DESIGN GUIDE TO 
ORBITAL FLIGHT 

Just Out. The complot.• guide to 
satellite Hight meehanies For prelim-
inary and conceptual dosign of space 
vehicles. Nearly :8111 pages of current 
data—presented logically. aveurately. 
Si graphically. Ed. by Jimsen. Town-
send, Kork & Kraft, Aerospace Div., 
Martin Co., 896 pp., 309 ill us., $17.50 

RADIO-ELECTRONIC 
• TRANSMISSION FUNDAMENTALS 

.Just Out. A simplified. fully f•umpre-
hensive manual for those handling 
high-power rieal ettorgy of radio 

••• frequency. 6, chaptors range 
from basics efeef heal civeffifs 
new developitiont , ill radio t re no-
Illit ters. By It. Whitfield Griffith. 

. (WWI. Electrodynamics Corp., 612 
pp., 217 illus., $10.75 

. 
ANALYSIS AND DESIGN 

OF NONLINEAR FEEDBACK -•-, 

/ 
• CONTROL SYSTEMS 

.):. Just Out Pro,ide, a fpnilarj on in 
e:' nonlinear vonirol theory. Develops 
-":- theory behind hasie ninth tools and 

.... shows their applieation to the anal-
--,.• ysis and design of nonlinear sys-
1::. buns. By O. Tinder, t .S.S. Po:An:raid. 

,.'.i".. School, 8: M. Pastel, Nortronies. 514 
, pp.. 323 illus., $11.50 .... 

• • ELECTRON DEVICES AND 
-i• 

CIRCUITS 
.ptu,t Out. Contains all tho vital in-
formation cum ...riling the operating 
fundamentals of all types of electron 
devices and their appliration in coin-
  circuits. Brings you the solid 
background nevessary for practical 

• work in the electronics field. Cov-
F. erage inclufles tubes, transistors. 

rectifiers, amplifiers, masers. etc. By 
John M. Carroll. Electronics. 334 pp., 
226 illus., $8.75 

ELECTRONICS DRAFTING 
Just Out. Long-nefslf•fl text provides 
a thorough presentation of the 
drafting tract assouiated with 

, schematic diagram dolitioation. Be-
ginning with basic fileehanieal draw-
ing, it then gives thi• iniqining and 
application of electronic s,,untfols and 
t he mechanies of deliiwating t hem 
within complex cirenits. By K. Kul-

'. ler, Illammarlund Mfg. Co.. 210 pp., 
illus., $8.00 

A SURVEY OF 
SWITCHING CIRCUIT THEORY 

Just Out. Provides a broad view of 
• the field of Switching Circuit Theory 
'• and Logical I tesign Theory. Based 
. on recent presented at AlEIS 

meetings, it is aimed at practising 
• engineers who might be unfamiliar 

with general switching theory, Its 
• problems, and teettniques. By E. Mc-

Cluskey, Princeton; & T. Bailee, 
31.1.T.; 180 pp., 60 illus., i'in-.1>Zi 

10 DAYS' FREE EXAMINATION 
McGraw-Hill Book Co., Dept. L-4-20 
327 W. 41st St., New York 36. N. Y. 
Send me hook( si checked below for 10 days' ex-
astillation on appmval. In in days I will retutt 
rm. batik(s) I keep phis few cents for delivery costs, 
and return unmerited book) s) postpaid. (We pay 

eiist5 i remit %Mil this coupon—satire 
return privilege.) 

Jensen—Design Guide to Orbital Flight, 017.1(1 
L]crittitli—Radio•Elec. Transmission Fund.. $10.75 

& Pastel—Analysis IL Design of Non-
linear Feedback Control Systems. $14.51) 

J Carroll—Electron Devices & Circuits. $8.75 
Kuller—Electronics Drafting, Woo 
McCluskey & itarte,—Switching Cure, Theory. 

$7.75 

Name   

Address   

 Zone.. .8rati•  
txunpany   

Position   

For price and terms outside U.S. 
Write Mccraw-Hill intl.. N.Y.C. L-1-20 

INTERNATIONAL 
TELECOMMUNICATIONS 

s)stems Planning 
Federal Electric Corporation, prime contractor for 
Med-Tropo and Big Rally, is currently seeking com-
munications specialists with maturity and ability to 
plan international communications systems. 

We are now offering positions to senior engineering 
specialists who have a broad background in long lines 
and microwave communications and who are thor-
oughly knowledgeable of standard U. S. or European 
planning and operating specifications for large-scale 
telecommunication systems. A degree, a minimum of 
ten years' experience and proven ability to develop 
high quality, complex systems employing tropospheric 
scatter, microwave, radio and digital transmission sys-
tems engineered to advanced U.S.A.F. and international 
standards are our general requirements. Work requires 
world-wide liaison with various technical groups in the 
discussion and development of compatability objectives 
and operating parameters. We seek particular experi-
ence in Multiplex, Switching, Tropo-scatter, Microwave, 
Data Transmission and Power Systems. 

For consideration and to arrange an interview, please 
send your resume to Mr. R. Hauserman, Professional 
Stalling, Dept. EL. 

FEDERAL ELECTRIC CORPORATION 
Service Division of International Telephone and Telegraph Corporation 

Paramus Industrial Park, Paramus, New Jersey 

An Equal Opportunity Employer. 

Did you swipe this magazine? 
Only 71/2  cents a week is the easy way! ($6 one year, $9 for two 
years, $12 three years.) Just fill in the handy "For subscriptions" 
section of the Reader Service Card in this issue ... and you'll get 
instant subscription. 
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Another 
outstanding 

development 
by the makers 

of BUSS fuses 

New! 

NO INDICATION 
Good Fuse 

anal= 

RED DOT 
Clearly Shows 
Open Fuse 

GBA Fuse GBA Fuse Open 

HLD Fuseholders and 
GBA Fuses... 

for all types of electrical and electronic equipment 

New BUSS fuse and holder combination provides 
quick, positive, visual identification of faulted circuit. 
When the fuse opens, an indicating pin pops out of 

fuse into transparent knob of holder. Head of pin is red. 
It is clearly visible and makes it easy to spot open circuit, 
even after power is off. 

BUSS HLD fuseholders are for panel mounting in 
circuits of 125 volts or less. They take 1/4 x 114 inch BUSS 

GBA fuses. Knob of holder grips fuse tightly and pulls 
fuse from holder when knob is removed. 

Side terminal is held mechanically as well as by solder. 
Heat of soldering cannot cause it to loosen or come off. 

Vibration will not cause failure of terminals as they 
are designed to withstand severe service. 

Get the full story, write for BUSS Bulletin SFH-9. 

BUSS: The complete line of fuses and 
fuse mountings of unquestioned high quality. 

BUSSMANN MFG. DIVISION 
McGraw-Ed,son Co. 
St. Louis 7, Mo. 
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Signal generator's 38-Kc switch feeds a composite f-m stereo signal to modulator of exciter unit. 
controlled by applying error signal to voltage-variable capacitor in the modulated oscillator 

88 TO 
108 MC 

10-WATT OUT 

VHF 
A M PL 

LP 
Fl LT 

74 TO 
94-MC 
XTAL 

STNDRD 

Exciter frequency is 

F-M Stereo System Samples Channels 

CHICAGO—Solid-state f-m stereo 
broadcast generator and a hybrid 
exciter were introduced by Collins 
Radio at the National Association 
of Broadcasters' annual engineer-
ing conference last week. 
Major design feature of the gen-

erator, reported F. D. McLin and 
R. J. Hirvela, is that it operates on 
a time-division principle instead of 
dual-channel injection. Channel 
separation does not depend on 
matching of circuits in separate 
paths. The entire stereo signal is 
applied to a single input on the 
modulator in the exciter. Any shift 
in gain or phase affects both chan-
nels equally, maintaining a 30-db 
channel separation. 

This and other features, they 
said, make the system simple, re-
liable and stable. The generator 
uses eight transistors. The exciter 
has 20 transistors, plus five tubes 
to handle its 10-watt output. 

In the generator, balanced 600-
ohm left (L) and right (R) chan-
nels are sampled by a 38-Kc switch 
that generates the composite stereo 
signal. The output from the switch 
is equivalent to L + R, plus the 
L — R double sideband components 
centered on the 38-Kc switching 
components and its odd harmonics. 

Emitter follower amplifiers ahead 

of the switch isolate the channels 
and drive the switching circuit. A 
locked oscillator, which divides the 
38-Kc driving signal, adds a 19-Kc 
pilot carrier to the output for phas-
ing reference. 
The 50-cps to 53-Kc generator 

output goes to the modulator in the 
exciter. The exciter can accept a 
30-cps to 75-Kc signal, so can also 
handle a monaural signal with two 
SCA channels or a stereo signal 
with an SCA channel (subsidiary 
communications authorization, at 
59 to 75 Kc). 
The heart of the modulator is a 

14-Mc L-C oscillator, frequency-
modulated by a voltage-variable sili-
con capacitor. Operation in a feed-
back loop keeps distortion down to 
about 0.4 percent. An automatic 

Wireless microphone's diversity re-
ceiver has two wire-coil dipole an-
tennas 

frequency control compares the 
modulator output to a 14-Kc stand-
ard and corrects for error. 
The comparator is an electronic 

switch operating at 5 cps. Its out-
put is limited to remove any 5-cps 
a-m which might be present due to 
amplitude difference between the 
standard 14-Mc signal and the 
modulator output. 
A frequency error in the modu-

lator output shifts the limiter out-
put frequency at a 5-cps rate 
between 14 Mc and the actual modu-
lator frequency. This signal, ap-
plied to a discriminator, results in 
a 5-cps square wave whose ampli-
tude is proportional to the error. 
The error signal is converted to a 
voltage proportional to the error 
and of the correct polarity. This is 
direct coupled to the variable 
capacitor in the modulator to reduce 
the modulator's frequency error. 

Final carrier frequency is deter-
mined by the sum of the frequencies 
of the 14-Mc standard and a second 
crystal standard between 74 and 94 
Mc. The second standard's fre-
quency depends on assigned station 
frequency. 
During a panel discussion on 

stereo, the question of how much to 
spend in equipping a station was 
raised. Estimates ranged from 
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$3,000 to $15,000 and one broad-
caster, Harold Tanner, of WLDM, 
Detroit, said his station spent $100,-
000 to "do it right." 
A newly developed system for 

interleaving sound in the tv picture 
signal during audio interruptions 
was described by J. L. Hathaway, 
of the National Broadcasting Com-
pany. It is being given final tests by 
NBC and AT&T. 
A special filter clears the selected 

channel before injection of sound at 
about one percent level and half the 
horizontal scanning frequency. The 
system would take over when there 
is a break in the regular audio cir-
cuit. There is no perceptible dis-
turbance in the picture seen by the 
viewer. 

Station automation was a popular 
theme at the exhibits and in the 
technical sessions. Ralph Haber-
stock, of Gates Radio, told how to 
use tones to trip control switches. A 
supersonic tone control is also used 
in a 950-Mc studio-to-transmitter 
microwave link described by John 
Moseley, of Moseley Associates. The 
tones control the microwave unit, 
which operates the transmitter and 
associated equipment in remote lo-
cations. 
Among tv equipment displays 

was a film recording system that 
presents the tv picture on a flat 
subplate behind the tube's heavy 
glass face. RCA says this eliminates 
distortion and light dispersion. To 
control exposure, light output and 
contrast of the display tube is auto-
matically compared to a standard. 
The camera uses a double aperture 
to produce 24 frames a second while 
a synchronous shutter blanks out 
each fifth tv field to avoid shutter 
bar effect. 
RCA also had a simplified tv 

switching system that, combined 
with memory and time controls, can 
automate a full day's programming. 

Itek Corp. showed a wireless 
microphone with a diversity re-
ceiver. The receiver has twin di-
pole antennas made of coils of wire 
and 35-db preamplifiers. When sig-
nal strength falls below a preset 
level, an antenna selector switches 
automatically. The antennas can be 
connected to the receiver by up to 
500 ft of coaxial cable. Microphones 
are crystal-controlled so up to six 
microphones can be used simultane-
ously in the low-power broadcast 
auxiliary band. 

Array May Guide Planes 
BENDIX reports that its Microvision 
pilot display system has reached the 
feasibility stage after two years of 
development. The system is de-
signed to outline a landing area 
with microwave beacons, in a man-
ner similar to an array of lights. 

Beacons will randomly transmit 
microsecond pulses at a rate of 400 
a second. Antenna pairs, vertically 
and laterally oriented on the air-
craft, will measure the relative di-
rection of arriving pulses. Each 
pulse received generates a differ-
ence pulse whose amplitude is re-
lated to pulse arrival angle. 
The arrival angles are translated 

into vertical and horizontal dis-
tances on a pilot display tube. A 
bright spot for each difference 
pulse provides a pictorial presenta-
tion of the runway oriented to the 
approaching aircraft. 
The beacon array may become 

part of an all-weather, aircraft 
landing system proposed by Bendix. 
The pilot would monitor auto-

matic operations and override the 
system only in an emergency. 
Equipment would include a split-

channel autopilot, a series of com-
puters as shown and a vertical ve-
locity display. At cruise altitude, 
the pilot would set the coordinates 
for the glide-slope capture aim 
point. The let-down computer work-
ing with distance-measuring equip-

VOR TAC 
COMPUTER 

LET-DOWN 
COMPUTER 

ment then computes distance to 
landing, let-down angle, time to go, 
ground speed, and so on. 

Initially, the glide-slope capture 
beam of a standard instrument 
landing is followed, using an in-
strument landing system coupler. 
During the final landing approach, 
when the instrument landing sys-
tem is subjected to severe ground 
clutter interference, the ILS com-
puter would automatically transfer 
control to throttle and flare-out 
computers. They would use radio 
altimeter and data inputs to com-
pute flight commands. 
The systems were described by 

W. H. Schofield, chief flight engi-
neer of Bendix's Eclipse Pioneer di-
vision, at the Air Force-Industry 
Conference on Electronically Con-
trolled Systems, at Palm Springs. 

Douglas Aircraft engineers S. D. 
Clayton, A. P. Chase and C. J. Jen-
kins said at the conference that jet 
aircraft should carry system an-
alyzers to trouble-shoot electronic 
equipment. 
The overwater version of the 

DC-8, they pointed out, has more 
than 200 subsystems, many with 
multiple inputs. It is difficult to pin-
point component or circuit faults. 

In its next-generation aircraft, 
Douglas plans to build analyzers 
and monitor panels into the elec-
tronic systems. 

SYSTEM COMPUTES: 

LANDING PATH PROFILE 
DISTANCE 
TIME TO GO 
GROUND SPEED 
AIR SPEED 

INSTRUMENT 
LANDING SYSTEM 

COMPUTER 

THROTTLE 
COMPUTER 

DISTANCE 
RADIO I MEASURING 

NAVIGATION I EQUIPMENT 

AIR 
DATA 

COMPUTER 

FLARE OUT 
COMPUTER 

RADIO 
ALTIMETER 

In proposed a ‘tomatic landing system, series of computers controls descent 
of aircraft. Pilot would override in emergency 
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NEWfr 
eYV 

Fuvi a-A.1m s I C NIA/30.. 
GEN lE RAT 0 R 

• 1/2 % FM DISTORTION 

• SOLID-STATE POWER SUPPLY 

• ELECTRONIC VERNIER TUNING 

• AUTOMATIC RF LEVEL SET 

• SHOCK-MOUNTED RF UNIT 

RADIO FREQUENCY 
CHARACTERISTICS 
RF RANGE: 54-216 MC 
RF ACCURACY: ±0.5% 
RF OUTPUT RANGE: 

0.1 µv to 0.2 volts' 
*Across external 50 ohm load at panel jack 
ACCURACY: 

-±10%, 0.1 µv to 50 K jav 
▪ 20%, 50 K etv to 0.2 volts 

AUTO LEVEL SET: 
Holds RF monitor meter to "red 
line" over band 

IMPEDANCE: 50 ohms 
VSWR: <1.2 

AMPLITUDE MODULATION 
CHARACTERISTICS 
AM RANGE: 

Internal: 0-50% 
External: 0-100% 

AM ACCURACY: 
-1- 10% at 30% and 50% AM 

AM DISTORTION: 
<5% at 30% <20% at 100% 
<8% at 50% 

AM FIDELITY: 
-±1 db, 30 cps to 200 KC 

FREQUENCY MODULATION 
CHARACTERISTICS 
FM RANGE: 

Internal: 0-250 KC in 4 ranges 
External: 0-250 KC in 4 ranges 

FM ACCURACY: ±5% of full-scale* 
'For sine-wave 
FM DISTORTION: 
<0.5% at 75 KC (100 MC and 

400 cps modulation only) 
<1% at 75 KC (54-216 MC) 
<10% at 240 KC (54-216 MC) 

FM FIDELITY: 
-±1 db, 5 cps to 200 KC 

SIGNAL-TO-NOISE RATIO: 
>60 db below 10 KC 

PULSE MODULATION 
CHARACTERISTICS 
PM SOURCE: External 
PM RISE TIME: <0.25 µsec 
PM DECAY TIME: <0.8 ,sec 

MODULATING OSCILLATOR 
CHARACTERISTICS 
OSC FREQUENCY: 

50 cps 7.5 KC 1000 cps 15 KC 
400 cps 10 KC 3000 cps 25 KC 

OSC ACCURACY: 5% 
OSC DISTORTION: <0.5% 

PHYSICAL CHARACTERISTICS 
MOUNTING: Cabinet for bench use; 

readily adaptable for 19" rack 
mounting 

FINISH: Gray engraved panel; green 
cabinet (other finishes available on 
special order) 

DIMENSIONS: 
Height: Width: Depth: 
103/e" 163/4 " 183/e" 

POWER REQUIREMENTS 
202-H: 105-125/210-250 volts, 

50-60 cps, 100 watts 

TYPE 202-H 

The Type 202-H FM-AM Signal Generator covers the frequency range 
from 54 to 216 MC and is designed for the testing and calibration of 
FM receiving systems in the areas of broadcast FM, VHF-TV, mobile, 
and general communications. The generator consists of a three-stage 
RF unit, together with a modulating oscillator and power supply, all 
housed in a single cabinet which may be adapted for rack mounting. 

The RF unit consists of a variable oscillator, a reactance tube modu-
lator, a doubler, and an output stage. The modulator is specially de-
signed for minimum distortion and operated in conjunction with the 
electronic vernier to provide incremental changes in RF output fre-
quency as small as 1 KC. The RF output is fed through a precision, 
waveguide-below-cutoff variable attenuator; automatic RF level set is 
incorporated which maintains "red line" on the RF monitor meter over 
the entire band. The entire RF unit is shock-mounted for minimum 
microphonism. 

An internal audio oscillator provides a choice of eight frequencies which 
may be used for either FM or AM modulation. A modulation meter 
indicates either FM deviation or % AM and is calibrated for sine-wave 
modulation. 

A completely solid-state power supply furnishes all necessary operating 
voltages and may be switched for inputs of either 105-125 or 210-250 
volts, 50-60 cps. 

Model 2024 is also available for the 215-260 MC telemetering band. 

BOONTON RADIO 
CORPORATION 

A Subsidiary of Hewlett-Packard Company 

P.O. Box 390, BOONTON, NEW JERSEY • Tel. OAkwood 7-6400 
TWX: ROCKAWAY, NEW JERSEY 866 • CABLE ADDRESS: BOONRACO 
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Specify Raytheon Reliable Receiving Tube Types 

RELIA3LE products froe !?AlTHEON 

NOW PLUG IN 

EXTRA PERFORMANCE 
AT LOWER COST 

Raytheon's exclusive design features can improve the 
performance of your radio, television receiver and 
high fidelity designs. To illustrate: 

Video Pentode 6HB6, 15HB6 — A unique Raytheon 
grid winding makes possible twice as much sensitivity 
as conventional tubes and increased voltage output. 
This tube with transconductance in excess of 20,000 
emhos is ideal as a luminescence amplifier in color 
TV; video amplifier in single-rectifier b&w receivers. 

New Pentode-Diode 6GA7 — A horizontal amplifier 
and damping rectifier, the 6GA7 utilizes a I2-pin 
integral all-glass base. It delivers performance equiv-

alent to separate 6DQ6B and 6AX4B tubes along 
with space, socket, and other savings. 

Horizontal Amplifiers 6GE5, 12GE5, 170E5—New 
12-pin integral all-glass base types are equivalents 
of "-DQ6B" types with greater reliability and uni-
formity, plus exceptional performance on low-to-high 
line voltage variations. 

For special engineering assistance on your specific 
application as well as technical data on these tube 
types, please contact: Raytheon Company, Receiving 
Tube Operation, Industrial Components Division, 
55 Chapel Street, Newton 58, Massachusetts. 

For small order and prototype requirements 

see your local franchised Raytheon Distributor. 

INDUSTRIAL COMPONENTS DIVISION 
RAYTHEON 

NEV,TON 58, MASSACHUSETTS 
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Fuse Blocks 
l  -.- for Internal 

„qie l o .. 
Mounting 

Multiple 
Pole Fuse 

Extractor Post 

Special 
Application 

Aircraft 
Fuse Post 

iteela.limege 'leellelP« 
..bccV t‘ *e4 4 e4 

ra.«, 
" t ,. 

(See t  ele 

In addition to standard Littelfuse catalog items, 

hundreds of special application products are 

designed in accordance with customers 

specifications and manufactured to satisfy most 

stringent quality requirements. For your new 

application requirements we have a full staff of 

sales and development engineers ready to serve 

you. Simply write to Littelf use, Des Plaines, 

Illinois or call us at Vanderbilt 4-1188. 

06 WATERPROOF INOICATIN6 MICROFUSE 
FUSE POST FUSE POST FUSE POST HOLDER 

;t 

LITTELFUSE 
Des Plaines, Illinois 

  Laboratories, Inc. 
11301 OCEAN AVENUE, LA HABRA, CALIFORNIA 
proved dependable in years of service 

Allison Transistorized 
Noise Sources with 

Uniform Spectral Density 

—5 cps to 30 kcps 
Here's the ideal noise source for shaker tables, high-level 

environmental acoustic testing, and other applications re-

quiring a uniform output of a random (white) noise. 

Allison Noise Sources are all solid state devices. They are 

non-microphonic and can be used in areas of high am-

bient noise and vibration. The Allison 650 is a small, 

lightweight portable instrument, battery or AC powered, 

from $265.00 up; the Allison 655 is a miniature, welded 

and incapsulated unit, 1" x 13/4 " x 15/8", $36.00 in 100 

lots. Write today for spectrum curves, complete specifi-

cations, and prices. 

FREE LITERATURE! Clip coupoir, attach 
to company letterhead, and mail today 
for literature on noise sources. 

Imam gm womm um gm MIMI UM Ma MI 
E-65 

NAME   
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Test unit in use at Electron Tube Group, 
Bendix Research Laboratories Division. 

Bendix Craftsmanship at work for you 

KEY TO 200+ Gc BWO! This special test device — designed and built by 
Bendix — helps speed development of Bendix permanent magnet focused 
millimeter wave Backward-Wave Oscillator tubes. Using this, theoretical 
designs of electron guns and r-f structures can be tested empirically with-
out first building prototype tubes. Also, measurements can more easily 
be made on fundamental design parameters. Present development programs 
using this and other advanced Bendix research equipment are aimed at 
producing BWO tubes operating at frequencies above 200 Gc. Meanwhile, 
for information on Bendix" BWO tubes operating from 30 Gc up to 180 Gc, 
write Electron Tube Products, The Bendix Corporation, Eatontown, N. J. 

Red Bank Division T•linde. 
CORPORATION 
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SATELLITE AND SPACE SYSTEMS SPECIALISTS 

Here at Lockheed Missiles and Space Company, satellites and spacecraft 

are a specialty. From research to the reaches of space, the whole scope of 

space technology is being carefulty investigated. 

All aspects of research, systems analysis, design, development and 

operation are handled by outstancing engineers and scientists at 

Lockheed's Research Laboratories in Palo Alto, and in the development 

headquarters in nearby Sunnyvale, California. 

Typical of Lockheed's complete capability is the DISCOVERER series. 

This, with its recoverable capsule, is used to gather research 

material. Other military and commercial satellites and spacecraft under study, 

under development, or in operation, include: 

An infrared missile defense alarm system • Sophisticated orbiting 

biomedical capsules • Lunar proLes • Interplanetary exploration programs 

A space rendezvous system • Nuclear and other advanced propulsion systems 

Communicaticns satellite systems 

It is clear that the projects at Lockheed Missiles and Space Company are 
challenging. Moreover, its location on the beautiful San Francisco 

Peninsula adcs gracious living aid perfect climate to the many rewarding 

opportunities available to creativ3 engireers and scientists. 

For further information, please write: Research and Development Staff, 

Dept. M-32 F, 599 Mathilda Aven je, Sunnyvale, California. 

An Equal Opportunity Employer. 

LOCKHEED MISSILES a SPACE COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS 
programs. Other ct. rrent programs include SAINT, ADVENT and such NASA projects as OGO, °AO, ECHO, and NIMBUS. 

SUNNYVALE. PALO •.LTO. VAN NUTS. SANTA CRUZ. SANTA MARIA. CALIFORNIA • CAPE CANAVERAL. FLORIDA • HAWAII 



Bomber Defense System Is Pushed 

Air Force will build 34 weapons control centers to back up Sage, wants first 

stations operational in 1963. Procurement emphasis is hardware, not R&D 

By THOMAS MAGUIRE 
New England Editor 

BOSTON—Air Force is planning to 
build 34 weapons controls centers 
to reinforce Sage, the continental 
air weapons warning and control 
system. The new program, called 
Buie for Backup Interceptor Con-
trol, is intended to fill in holes that 
an enemy ICBM attack might open 
up in the Sage system. 
Behind the Buie program is the 

military thesis that even if an 
enemy were to use ICBMs for an 
initial attack on prime targets— 
knocking out some Sage centers— 
the attack would be followed by a 
manned bomber mop-up. U. S. 
forces would have to be ready to 

detect invading aircraft and control 
the air battle. 

Buie was initially interpreted as 
a backup for Bomarc unmanned in-
terceptors only. But the concept has 
been broadened to cover post-attack 
control of the entire North Ameri-
can Air Defense Command's weap-
ons inventory: Bomarc, manned in-
terceptors and Nike batteries. 

This underscores an Air Force 
conviction that second-strike pro-
tection against bombers is needed, 
even in the missile era. 
The Air Force doesn't want to 

lose any time getting the centers 
into operation. There will be no at-
tempt to push the state of the art 
or to experiment with R&D equip-

Mapmakers Use Radiolocation System 

MISSILE TRACKING principles are 
used in a system designed by Cubic 
Corp. for geodetic surveying with 
aerial photos, or for determining 
distance between ground points by 
trilateration. The company says dis-
tances up to 150 miles can be meas-
ured within three feet by detecting 
the phase difference in signals 
transmitted on a round-trip path. 
Four transceivers are sequen-

tially interrogated from the plane 
when the camera shutter opens. In-
terrogation signals are retrans-
mitted to the other transceivers. 
Detected phase changes are fed to 
a data handling station that com-
putes, prints and plots range in-
formation. The station can be on 
the ground or in the plane. 

Photogrammetrie plane interro-
gates transceivers in field 

ment. Some 45 contractors have al-
ready been asked to bid on the 
multimillion-dollar system. 
Equipment to be procured in-

cludes solid-state computers and 
other electronic data-processing de-
vices, and display systems. The con-
tractor must also have utility-type 
programming capabilities. 

"Both time and the available dol-
lars dictate that only state-of-the-
art equipment and techniques will go 
into Buic," says Col. Dale R. Tid-
ball. The program is being handled 
by the Sage Systems Program 
Office at Electronic Systems Divi-
sion, Hanscom Field, Bedford, 
Mass., under his direction. 

First Buie center, initially a test 
station but later operational, will be 
in the northeast area of the U. S. 
Some centers are expected to be 
operational in late 1963. All will be 
manned by the military and will 
have independent power facilities 
for switchover from commercial 
sou rces. 

Although there will be 34 Buie 
centers, 13 more than there are 
Sage sectors, the program will be 
more austere than Sage in both cost 
and operation. 

Centers will be built on existing 
radar sites, so there will be no land 
acquisitions nor major construction. 
Buie centers will be removed from 
Sage sector buildings, to minimize 
the possibility of an enemy knock-
ing out both Sage and Buie centers. 
Nor will Buie equipment be near 
centers of population or target 
areas. 

Buie might be termed a Sage in 
miniature, much less complicated 
than the primary command and 
control system. Buie will use the 
same radar sensors and such aids 
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as TDDL (Time Division Data 
Link), but it will be less automatic 
and will not put as many aircraft 
through as many maneuvers as a 
Sage center could. It will control 
Bomarcs in much the same way as 
Sage. For Nike batteries, it will 
give target and trajectory informa-
tion and advice, but fire control will 
be up to the Nike units themselves. 

In control of manned intercep-
tors, it will not include, for 

example, automatic-return-to-base 
features of Sage. Nor will it give 
the weapons control officer the capa-
bility of electing as many combina-
tions of methods of attack. 
Automation in the Buic system 

will solve intercept equations— 
course of target, speed, point of 
interception—but Air Force com-
manders will make the key decisions 
in the air battle. 
Buie will use existing radar 

sensors, or newer models now being 
phased into Sage, and updated 
communications techniques. There 
will be some passing of information 
between Sage and Buie centers, and 
there will be links between Buic 
centers for handover. 

Although Buie centers will not be 
hard-core subsurface facilities, 
plans include a higher level of pro-
tection from fallout than the Sage 
centers have. 

Gun Barrel Is Waveguide for Tests 

TWO MICROWAVE measuring tech-
niques that, in effect, use a gun 
barrel as a waveguide, were de-
scribed recently at a hypervelocity 
environments symposium at the 
University of Denver. One system 
measures the velocity of a projec-
tile; the other measures the velocity 
and position of a shock wave. 
The technique of measuring pro-

jectile velocity was reported by 
P. L. Clemens and R. E. Hendrix. 
It was developed for use in a large 
hypervelocity range being con-
structed by ARO, Inc., at the Air 
Force's Arnold Engineering Devel-
opment Center. The facility will be 
used to simulate reentry conditions. 
The launcher barrel is modified 

by addition of an antenna at the 
end. For a 20-mm barrel, a quarter-
wave probe is inserted in the barrel 
as shown. A wire loop is used in a 
40-mm barrel. 
The barrel waveguide is excited 

in one distinguishing mode by an 
X-band klystron, through the an-
tenna, which transmits and re-
ceives. The wave is reflected from 
the face of a fiber glass projectile. 
The projectile is analogous to a 

tuning stub for standing-wave 
measurements. The reflected wave 
cyclicly changes in amplitude with 
projectile travel. The reflected sig-
nal returns through a directional 
coupler to a crystal detector and is 
filtered, amplified and recorded. Ve-
locity measurements derived from 
the recording fall within one per-
cent of values obtained by other 
techniques, it was reported. 
A similar setup for a microwave 

interferometer was described by L. 

Pennelegion, of the British Na-
tional Physics Laboratory. The in-
terferometer continuously deter-
mines displacement and velocity of 
an ionized shock wave in a free-
piston gun tunnel. 

In this case, a radially symmetri-
cal mode TM,,, is established in the 
barrel. The resultant of the signal 
reflected from the piston and the 
instantaneous transmitted signal 
undergoes a maximum to minimum 
change in voltage for a change in 
piston position. 

Pennelegion emphasized the 
problem of designing antennas to 
withstand pressure differentials of 
I to 200 atmospheres and tempera-
ture of 2,000 K at stagnation pres-
sure of 350 atm. 
A suitable antenna, designed in 

Canada, is made of four quartz-

RECORDER 
OR 
CP 

KLYSTRON 

YTAL 
DET 

WAVEGUIDE 

(A) 

DIREC-
TIONAL 

COUPLER 

COAXIAL CONNECTOR 

ANTENNA 
(20 NM) 

BARREL 

(B) 

DUNU'er 
LOAD 

COAXIAL 
CABLE 

filled waveguides. While each oper-
ates in phase in the dominant TE,, 
mode, they are slot-coupled to the 
main gun barrel to sustain a TMoi 
mode. The slots, milled in a metal 
cover that protects the quartz cylin-
ders, are arranged symmetrically 
about the nozzle throat and do not 
interfere with tunnel operation. 
High-g telemetry techniques 

were discussed by M. Letarte and 
L. E. Moir, of the Canadian Arma-
ment R&D Establishment. One por-
tion of their report concerned a 
sensitive temperature telemetering 
transmitter. The subcarrier oscil-
lator is a free-running, transistor 
multivibrator operating at about 30 
Kc. A resistive temperature gage is 
placed in the collector lead of one 
side of the multivibrator, so fre-
quency varies with temperature. 

BARREL NOZZLE 

PISTON 

ANTENNA 

4 

r 

TEST VACUUM 
SECTION TANK 

COAXIAL 
CABLE 

Simplified diagram of velocity-measuring setup (A). In American system, 
antenna extends into barrel (B); in British system, it is recessed in nozzle 
throat (C) 
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AIR FORCE'S 1963 SPENDING PLANS: 

636 Million for Ground Electronics 

Money sought will buy cryptographic and intelligence equipment, 

data processors, radar, communications and nuclear blast detectors 

By JOHN F. MASON 
Associate Editor 

AIR FORCE is seeking $636.1 million 
for its fiscal year 1963 ground com-
munications and electronic equip-
ment program. Lt. Gen. J. Fergu-
son, deputy chief of staff, research 
and technology, presented the re-
quest recently to the U. S. Senate 
Committee on Appropriations. 
The bulk of the money will be 

spent on 13 electronic telecommuni-
cations command and control sys-
tems (see table). Air Force also 
wants large appropriations for 
cryptographic equipment and mis-
sile communications support. 

Cryptographic equipment: the 
bulk of these items are mobile, tac-
tical, teletypewriter, voice and data 
decryption devices which provide 
for traffic security as well as mes-
sage content security for printed, 
voice and data messages. 

Tactical Aircraft Control and 
Warning System-412-L: a semi-
automatic, air and ground trans-
portable tactical air control and 
warning system for the Composite 
Air Strike Forces of the Tactical 
Air Command, plus a fixed ground 
environment in the USAF Euro-
pean area. All radar and automatic 
data processing equipment for 13 
sites was bought with 1959 through 
1962 funds. The new money will 
buy ground/air communications 
and automatic switching gear. 

Continental Aircraft Control and 
Warning System-416-L: back-up 
for Sage to insure survivability 
(see page 28 this issue). The sys-
tem consists of high-powered 
radars, gap filler radars, computer-
equipped direction and control cen-
ters and air-ground communica-
tions. 
North American Air Defense 

USAF'S FISCAL YEAR 1963 APPROPRIATIONS 
REQUEST FOR GROUND COMMUNICATIONS AND ELECTRONICS 

(millions of dollars) 
Cryptographic Equipment   $ 49 
System 4124, Tactical Aircraft Control & Warning   30.1 
System 4164. Continental Aircraft Control & Warning 78.6 
System 425-L NORAD Combat Operations Center   9.9 
System 431-L Air Traffic Control   20.1 
System 433-L Weather Observation and Forecast   8.1 
System 438-L Intelligence Data Handling   7.5 
System 465-L SAC Command and Control   43.1 
System 466-L Intelligence Collection   37.8 
System 473-L Headquarters USAF Command and Control 18 
System 474-L Ballistic Missile Early Warning   34 
System 477-L Nuclear Detonation Detection & Reptg.   
System 4804. Air Force Communications   74.1 
System 481-L PACCS   5 
Missile Communications Support   37.8 

Organization and Base Support   3.2 

Supplies and Materials   145 
Modification   27.5 
Industrial Facilities   4.3 

Total Requirements   • e e • 9 .. 

3 

$636.1 

Command's Combat Operations 
Center-425-L: hardened control 
center in Cheyenne Mountain, Colo-
rado Springs. Money will buy dis-
play equipment, computer program-
ming and initial training gear. 
Air Traffic Control System-

431-L: for high-speed USAF planes 
at bases where FAA facilities can-
not be used. New money will buy 
equipment for emergency missions 
support consisting of air transport-
able navigational aids and commu-
nications facilities. 

Weather Observation and Fore-
casting System-433-L: new shop-
ping list includes local weather 
radar, runway visual range com-
puters and minor ancillary gear. 

Intelligence Data Handling Sys-
tem-438-L: the system will coor-
dinate man-machine techniques for 
data retrieval, displays and inter-
pretations. New money will buy in-
put and query consoles, printers, 
print readers and other equipment 
for development of improved capa-
bility with the equipment of par-
ticipating agencies—AF Intelli-
gence Center, Aeronautical Chart 
and Information Center, Foreign 
Technological Div., intelligence di-
rectors of major AF commands. 

Strategic Air Command's Com-
mand and Control System-465-L: 
new funds will put the system in 
operation plus buy more equipment 
for the system's planned buildup. 
Post Attack Command Control 

System, PACCS-481-L: ground 
subscriber equipment will be 
bought. 

Intelligence Collection System-
466-L: money will provide a mod-
ernized capability to the USAF Se-
curity Service. 
Headquarters USAF Command 

and Control System-473-L: this 
system acquires data from USAF's 
farflung commands for USAF Chief 
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of Staff in the Pentagon. System 
will be capable of evaluating war 
plans, alerting forces, printing and 
distributing plans and orders and 
providing timely, current answers 
to operational and logistics prob-
lems posed by both routine and 
contingency operations. New money 
will continue buying computer pro-
gramming, display devices and an-
cillary gear to support the opera-
tional system. 

Ballistic Missile Early Warning 
System-474-L: Alaska and Green-
land sites are operational; third 
and last site, Flyingsdale, England, 
will be operational by July, 1963. 
New money completes procurement 
of the basic hardware for the site 
in England. 
Nuclear Detonation Detection 

and Reporting System (Nudets) 
—477-L: an electronic system for 
detecting, locating and reporting 
data on nuclear detonations occur-
ring within NORAD's area of re-
sponsibility. It will consist of a net-
work of sensors deployed to monitor 
all important target areas. New re-
quest will initiate procurement of 
system. 
Air Force Communications Sys-

tem-480-L: money for Aircom, 
USAF's world-wide communica-
tions system, will provide increased 
range and reliability in the SAC 
positive control communication sys-
tem, and an increase in flexibility 
and utilization of voice communica-
tion systems in the Pacific and Eu-
ropean areas. 

Organizational and Base Support 
Equipment: for minor items of 
equipment for the Air National 
Guard units, and minor base sup-
port items. 

Supplies and Materials: repair 
parts used annually to maintain and 
operate the major communications 
systems and equipment items 
bought in this appropriation. Ex-
amples are electron tubes and tran-
sistors used in USAF's radio and 
radar facilities and electrical sup-
plies such as cable and switches 
used for air base operations. Ap-
proximately $54 million (37 percent 
of the total $145 million) will be 
used to buy initial stockage of spare 
parts for the major command and 
control systems. The rest of the 
money will be spent for those recur-
ring parts requiring annual re-
placement for all other equipments 
or systems in use. 

(ADVERTISEMENT) 

New Nanosecond* 

Pulse Transformers 

for Ultra-miniature, 

Ultra-high Speed 

Applications 

Digital circuit designers will find 
the new Sprague Type 43Z Nanosec-
ond Pulse Transformers of consider-
able interest. These tiny transformers 
have been carefully designed for the 
all-important parameter of minimum 
rise time at high repetition rates up 
to 10 mc. 

The new Type 43Z series is com-
prised of a broad line of 72 pulse 
transformers in 10 popular turns ra-
tios. They are Sprague's latest addition 
to the most complete listing of pulse 
transformers offered by any manufac-
turer for use in digital computers and 
other low-level electronic circuitry. 

Type 43Z Pulse Transformers are de-
signed so that the product of leakage 
inductance and distributed capacitance 
is at a minimum. They are particularly 
well suited for transformer coupling 
in transistor circuits since transform-
ers and transistors are very compatible 
low impedance devices. Nanosecond 
transformers are equally suitable for 
transmission line mode of operation, 
in twisted-pair transmission line cou-
pling, and in regenerative circuits. 

The epoxy-encapsulated "pancake" 
package is excellent for both etched 
wire board or conventional chassis 
mounting. To simplify etched-board 
design, these ultra-miniature pulse 
transformers are available with leads 
terminating at the side or the bottom 
of each unit. 

For complete technical information 
on Type 43Z Nanosecond Pulse, 
Transformers, write for Engineering 
Data Sheet 40235 to Technical Liter-
ature Section, Sprague Electric Co., 
3 5 Marshall St., North Adams, Mass. 
*millimicrosecond 
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o 
MOST 

WIDELY USED 
LOGIC 

TRANSISTOR 
NOW IN 
SMALLER 

ttl, SIZE t 

LOW-COST 
J 

TYPE 2N979 MAW') 

TRANSISTORS 

Down in size from a TO-9 to a TO-18 
case, the new Sprague 2N979 is 
solving size, cost, and dependability 
problems for logic circuit designers 
with the identical performance of the 
original 2N1499A, with which it is 
electrically interchangeable. 

Designed for use in saturated 
switching circuits, the 2N979 Tran-
sistor is capable of switching at 
frequencies in excess of 10 mega-
cycles. It consistently shows low 
storage time, low saturation voltage, 
and high beta. 

Available in production quantities, 
the 2N979 is a first-run device, not a 
"fall-out." Produced on FAST (Fast 
Automatic Semiconductor Transfer) 
lines with direct in-line process feed-
back, high production yields make 
possible its lower cost. 

For application engineering assist-
ance, write Transistor Division, 
Product Marketing Section, Sprague 
Electric Company, Concord, N. H. 

For complete technical data, write 
Technical Literature Section, Sprague 
Electric Company, 35 Marshall 
Street, North Adams, Mass. 
MT.M. P'Plco Corp. 

SPRAGUE® 
THE MARK OF RELIABILITY 
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Satellite on spin-test equipment at Goddard Space Flight Center before 
launch. Basic structural material is plastic-bonded fiber glass 

Eight Nations Join in Space Experiment 

FIRST INTERNATIONAL SATELLITE was 
scheduled to be launched by now 
from Cape Canaveral. The National 
Aeronautics and Space Administra-
tion built and launched the satellite, 
is responsible for all subsystems ex-
cept the experiments, and for track-
ing, data acquisition and process-
ing. 
Four British universities or col-

leges provided its six scientific ex-
periments—University College, 
London; University of Birming-
ham; Imperial College; University 
of Leicester. Eight nations—the 
U. S., U. K., Chile, Peru, Ecuador, 
Union of Sonth Africa, Australia 
and Newfoundland—will track it at 
NASA Minitrack stations. 

Called S-51, the satellite is de-
signed to acquire more knowledge 
of the ionosphere and its complex 
relations with the sun. Orbit alti-
tude will range from 200 to 600 mi. 
Data transmission will be cut off 
after a year. 
The United Kingdom has respon-

sibility for the design, fabrication 
and testing of all flight sensors and 
their associated electronics up to 
the telemetry encoder input; also, 
data analysis and interpretation. 

Three ionospheric experiments 
will measure electron density and 
temperature and the composition of 
positive ions. Two experiments will 
monitor the intensity of radiation 
from the sun in the ultraviolet 

(Lyman-Alpha line of the sun's sur-
face, or chromosphere) and x-ray 
bands of the solar corona. The sixth 
experiment will attempt to measure 
cosmic rays. This experiment will 
be supported by simultaneous meas-
urements of cosmic rays from the 
ground and by aircraft and balloon 
flights. 

Sensors include two electron tem-
perature gages and tape recorder; 
hemispherical solar aspect sensor, 
cosmic-ray Cerenkov detector, and 
ion mass sphere; three flush-
mounted solar radiation (Lyman-
Alpha) gages on the satellite skin; 
two proportional x-ray counters op-
posite the Lyman-Alpha gages. 
A 250-mw, 136.410-Mc transmit-

ter will provide both telemetry and 
tracking signals. The transmitter 
will use a phase-lock receiving sys-
tem in the ground stations. 
Some 66 parameters will be te-

lemetered (pcm). In addition there 
will be three sync outputs gener-
ated in the encoder. A recorder 
stores encoded data for time per-
iods up to 100 minutes. Data is 
transmitted to ground on command 
to a single-channel, a-m, command 
receiver. Power for the systems is 
furnished by four solar cell paddles 
and batteries. 

Telemetry antennas area 
slightly-modified, crossed dipole or 
turnstile array on the upper part of 
the spacecraft. 

THESE ARE SOME 

OF OUR COUNTRY'S 

BEST KNOWN AIR-

CRAFT, MISSILE AND 
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DIFFERENT 

MEASUREMENTS 

ON THIS PART 

IN LESS THAN 

A MINUTE! 

PIECE 

• HEIGHT 

GROOVE 

HEIGHT 

BOTTOM 
THICKNESS 

BACK 
THICKNESS 

WIDTH 

LENGTH 

BAUSCH & LOMB 

V513CE 1853 

Made in America, to the 
world's highest standards. 

Fast? You bet your life... but that's 
only part of the story. Bausch & Lomb 
DR-25B Optical Gage gives you direct 
measurement to 0.0001" over a 3" range 
on a bright, magnified scale... 
to 0.000025" if required. Designed for 
shop use, no other instrument of this 
type, at any price, achieves 
such precision. 

Fast, easy, accurate ... and only $875! 
Put the DR-25B to work in your shop 
and start savings of up to 85% in 
gaging time (job-proved by Aeroquip 
Corp., Taber Instrument Corp. 
and many others.) 

Distributed in U.S.A. through the DoALL Company 

BAUSCH & LOMB INCORPORATED 

61428 Bausch St., Rochester 2, N. Y. 

D I'd like an on-the-job demonstration of the 
DR-25B with no obligation. 

D Please send Catalog D-285  

NAME   TITLE 

COMPANY 

ADDRESS 

CITY ZONE STATE 

MEETINGS AHEAD 

FREQUENCY CONTROL SYMPOSIUM, U.S. 
Army Signal Research and Develop-
ment Laboratory; Shelburne Hotel, 
Atlantic City, N. J., April 25-27. 

PULP & PAPER INSTRUMENTATION SYM-

POSIUM, ISA; Jacksonville, Fla. April 
26-27. 

MANNED SPACE FLIGHT SYMPOSIUM, 

¡As; Chase Hotel, St. Louis, Mo., 
April 30-May 2. 

INSTRUMENTAL METHODS OF ANALYSIS 

SYMPOSIUM, isA; Daniel Boone Hotel, 
Charleston, W. Va., April 30-May 2. 

SPECTROSCOPY SYMPOSIUM, Society for 
Applied Spectroscopy; Conrad Hilton 
Hotel, Chicago, April 30-May 3. 

JOINT COMPUTER CONFERENCE, IRE-PGEC, 

AIRE, ACM; Fairinont Hotel, San Fran-
cisco, Calif., May 1-3. 

CLEVELAND ELECTRONICS CONFERENCE, 

IRE, et al; Engineering-Scientific 
Center, Cleveland, Ohio, May 1-3. 

HUMAN FACTORS IN ELECTRONICS, IRE-

PGHFE, Lafayette Hotel, Long Beach, 
Calif., May 3-4. 

POWER INSTRUMENTATION SYMPOSIUM, 

isa; Hotel Texas, Fort Worth, Texas, 
May 6-9. 

COMPONENTS CONFERENCE, IRE-PGCP, 

AIEE, EIA; Marriott Twin Bridges 
Hotel, Washington, D. C., May 8-10. 

NORTHEASTERN MEETING, AIEE; Statler-
Hilton Hotel, Boston, Mass., May 9-11. 

NATIONAL AEROSPACE ELECTRONICS CON-

FERENCE, IRE-PGANE; Biltmore Hotel, 
Dayton, Ohio, May 14-16. 

AERO-SPACE INSTRUMENTATION SYM-

POSIUM, isA; Marriott Motor Hotel, 
Washington, D. C., May 21-23. 

MICROWAVE THEORY & TECHNIQUES 

NATIONAL SYMPOSIUM, IRE-PGMTT; 

Boulder, Colo., May 22-24. 

WESTERN ELECTRONICS SHOW AND CON-

FERENCE, WEMA, IRE; Los Angeles, 
Calif., Aug. 21-24. 

ADVANCE REPORT 
RELIABILITY AND QUALITY CONTROL. NA-

TIONAL SY M POSIUM, IRE : ShCBM'ON-PG/GCC 

¡lote!. San Francisco. Calif.. Jan. 22-2 
190.t. May 15 is the deadline for su b-
nuill bill 10 copies each of titles. abstracts 
(not: more than 800 words). and brief 
biographies to: Mr. Leslie 1V. Ball, The 
Boeing Company, P.O. Box 3707. gentile 
:I.'. "Washington. Papers previously pre-
sented at local meetings are acceptable. 

ENG I NEERING IN BIOLOGY AND MEDICINE 

,N FN! I: XCE, ('ois rad Hilton Hotel. Chi-
e«go, Illinois, Nor. June 1 is the 
deadline for submission of 50-word ab-
st imels lo: Program ('ommittee, P.1). 
1:o.r E nston. III. The technical 
proora in will consist of 15 sessions in-
el "di no : MOW i,,l ii!/(ins. biological con-
oml systems, bionics, cardio-ptilmmiary 
physiology. COM yll I ee technology, elec-
trical physiology, n en ro-physiology. in-
strat 'nun I 
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Series UPCC-SLK* 
(Knob Screw-Lock). 
Female chassis 
connector wire solder 
terminals. Knob on . 
male card connector-cip 
solder terminals. 

Series UPCC-FDN 
Female chassis 
connector dip 
solder terminals. 

UPCC.M 

UPCC-VI 

CPCC•FON 

UPCCe 

Series UPCC-M & -F 
NAS standard. 
Male card conrector-dip 
solder terminas. 
Female chassis unit with 
wire-solder terminals. 

UPCC.M2K 
UPCC ?.,12SL 

and now... 

Series REPC-F** 
Female chassis unit 
with removable 
crimp-type terminals. 
Mates with 
UPCC-M series. 

another "demand" member has joined U.S.C. 

UPCC F2HSI. 

REP-F15 

Series UPCC-SLI-1* 
Male chassis connector. 
dip solder terminals. 
Female hooded 
connector-wire solder 
terminals. 

UPCC-M23 

UPCC-F23DTP 

Series UPCCiFIDTP 
Female chassis 
connector with dual 
row linked for use with 
series 53 terminals. 
(15 or 23 contacts.) 
Mates with UPCC-M 
standard. 

family of Printed Card Connectors . . . the new, removable crimp-type Series REPC-F bringing 
the total of different available types to over 1500. 

Conforms to applicable provisions of M L-C-8384 and NAS 
specifications. 
Molding materials—melamine and diallyl phthalates. 
Die cast aluminum shells—aluminum hoods. 

Ideal for critical environmental conditions. 
Silver plated—gold flash contacts. 
Screw lock elements — stainless steel — double lead for 
double speed. 
UPCC-M & -F units available with wire solder, turret type. 
solderless series 37, or dip solder terminals (1 16, 1 8". 
1 4- boards). 
UPCC-FDTP units take series 53 taper pins. 

REPC F units take removable crimp-type contacts accommodat-
ing :18 thru «30 A.W.G. wire. Crimping tool meets MIL-T-22520 
(V•EP:.. 

Max. Wire Size  :18 A.W.G. 
Voltage breakdown between contacts 
Sea Level  2500 V.A.C., r.m.s. 

Irsulation Resistance  over 5000 megohms 
No. cf contacts    7, 11. 15, 19, 23. 32 
current Rating  7.5 amps 
Also custom configurations to meet your specific application 
requ rements. 

Fequest catalog SF 156 UPCC-A for further information. 

•PAT. 2,953,767 ••PAT. 2,979,689 

U.S. CO PONENTS, INC. 1320 Zerega Ave., New York 62, N.Y., TA 4-1600 



Wittnauer "El ectro-Ch ron" waterproof electric watches tell "time without care" 
... use special Mallory Mercury watch batteries that give constant power, 
last two years. Wafer-thin battery design aids in the watches' slim styling. 

Mallory Mercury Batteries 

FM Wireless Microphone. Small as a cigarette pack, 
the "Mike-Caster" made by Federal Manufacturing 
& Engineering Corporation transmits with high 
fidelity, free from interference. Two Mallory Mer-
cury TR-165 Batteries supply power for over 30 
hours of continuous service. 
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Reliability means Survival...in the "SARAH" Rescue Beacon, made by Simmonds Precision Products, 
Inc. The transmitter sends a coded signal to guide search planes to downed airmen. Mallory Mercury 
battery pack powers 35 hours of transmission at 32°F, or 50 hours at normal temperatures. 

Can Give Your Product Extra "Sell" 

Direct Reading Ohmmeter made by 
Millivac Instruments, Inc., uses a 
Mallory Mercury cell. .. selected 
because of its high stability as source 
of measuring power, its freedom from 
leakage, and expected service life of a 
year or more under low-drain usage. 

You can give your battery-powered product new features that 
customers want, by designing around Mallory Mercury Batteries. 

New Miniaturization. Mallory Mercury Batteries have 3 to 4 times 
more energy per unit volume than ordinary batteries. They come 
in a broad range of sizes, some as small as an aspirin tablet. 

New Convenience. These amazing batteries last 3 to 5 times longer 
than ordinary batteries in typical electronic circuits. They reduce 
drastically the user's need for battery changing. 

New Reliability. Mallory Mercury Batteries can be stored 6 years 
or more without serious deterioration ... withstand temperatures 
from —65 to +85°C ... are undamaged by overloads. They're 
leakproof. Their output voltage stays so constant throughout their 
long life, instead of gradually dropping off, that you can use it as a 
secondary reference standard. 

Write to us today for engineering data and for a consultation. 

Mallory Battery Company 

North Tarrytown, N.Y. 

a division ot MALLORY 
Mallory Battery Company of Canada, Limited, Clarkson. Ont. 

Mallory Batteries Ltd., Crawley, Sussex, England 
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To Contractors and Subcontractors on U. S. Government Projects 

UNIFORMITY 
of semiconductor devices 

miummum.  

Western Electric-Laureldale semiconductors are designed to meet specific 

requirements and do not depend upon selection from a broad distribution 

of products 

Typical reproducibility of Laureldale's semiconductor devices is illustrated 

in these monthly parameter distribution charts for the JAN 2N1195 dif-

fused base germanium mesa transistor: 

3 HIGH-FREQUENCY PARAMETERS (median values) 

C (dep) in pf (100 kc) 

fife in db (100 mc) 

RE hie in ohms ((i 250 mc) 

F 

1960 

1 
M A M A r r I I F M 

1961 
O N D  A M J 

Western Electric-Laureldale, working together with Bell Laboratories' de-

sign and development team, produces a broad range of transistors and 

diodes, both germanium and silicon. These devices are available only to 
U.S. Government agencies, their contractors and subcontractors and may 

be purchased in quantity directly from Western Electric's Laureldale Plant. 
For technical information, price and delivery, address your request to Sales 

Department, Room 102, Western Electric Company, Laureldale Plant, 

Laureldale, Pa. Telephone—Area Code 215-929-5811. 

LAURELDALE PLANT 
MAKER OF ELECTRON PRODUCTS 

Woetern Electric 
MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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FIG. 1—Balanced planar equiangular 
or logarithmic spiral-slot antenna 
(left) radiates a broad circularly 
polarized beam on each side of, and 
perpendicular to, the plane of the an-
tenna 

Frequency-Independent Antennas 
SURVEY OF DEVELOPMENT 

Antennas now provide continuous coverage of large 

portions of the frequency spectrum. 

These very-wide-band antennas offer a challenge 

to the systems engineer to design equipment that 

will match bandwidths now available 

By JOHN D. DYSON 
University of Illinois, 
Urbana. Illinois 

THE NECESSITY of providing con-
tinuous coverage of large portions 
of the electromagnetic frequency 
spectrum for defense purposes has 
exerted great pressure on the an-
tenna engineer to produce antennas 
that could be used over wider and 
wider bands of frequencies. Such 
requirements have led to an impor-
tant breakthrough in the antenna 
field. The conception of the fre-
quency-independent antennas at the 
University of Illinois and their de-
velopment at this and at other lab-
oratories has produced advances in 
the state of the art that now puts 
pressure on the electronics and sys-
tem engineer to design equipment 
that will match the available an-
tenna bandwidths. The purpose of 

FIG. 2—Balanced conical logarithmic 
spiral antenna (left) with feed cable 
carried along one arm; wire version of 
balanced conical logarithmic spiral an-
tenna (right), fed with coaxial line and 
balun along axis of cone 



FIG. 3—The University of Illinois radio telescope. The focal line array, 
153 feet above the 400-by-600-foot parabolic reflector, is visible below the 
wooden truss 

this survey is to outline the devel-
opment of these antennas. 
As of 1945, antenna research and 

development had led to a few struc-
tures that operated over a 2 to 1 or 
slightly greater range of frequen-
cies, with acceptable radiation and 
impedance characteristics. In a ma-
jority of cases, it was the radical 
changes in the radiation pattern 
with changes in operating fre-
quency which limited the useful-
ness of antennas to somewhat less 
than this 2 to 1 range, since an-
tennas had been developed with an 
input impedance that remained 
relatively constant with a change 
in frequency. 
The discone antenna' introduced 

in 1946 was one of the first anten-
nas that could be used over ap-
proximately a 4-to-1 range of fre-
quencies. Advances during the next 
7 or 8 years were limited, mainly, 
to increasing the bandwidth of ex-
isting antennas by a few percent. 
The one exception during this pe-
riod was a modified helical an-
tenna' ' 4. These unbalanced coni-
cal helical structures, fed against a 
ground plane, had acceptable pat-
tern bandwidths of 4 or 5 to 1. 
The spiral antenna introduced in 

1953 was a major step forward in 
wide band antenna design. This 
construction consists of two flat, 
narrow, constant-width metallic 
arms, wound in an Archimedean 
spiral.' Fed at the center in a bal-
anced manner, it radiates a broad 
circularly polarized lobe on each 
side of the plane of the antenna. 
Subsequent development of this 

configuration produced forms that 
had stable pattern and impedance 
characteristics over bandwidths up 
to 10 to V' 

Arrays of the Archimedes spiral 
antenna provide variable polariza-
tion of the radiated field" and beam 
scanning by simple rotation of the 
antennas."' 

In 1954 a major breakthrough oc-
curred when V. H. Rumsey sug-
gested that an infinite length struc-
ture based upon the equiangular or 
logarithmic spiral could be speci-
fied completely in terms of angles, 
and hence it should have character-
istics independent of frequency. A 
study of balanced planar antennas 
based on these curves disclosed the 
equiangular spiral antenna to be 
the first antenna of practical size 
that had characteristics associated 
with an infinite structure."' This 
structure became the first of a class 
now called frequency-independent 
antennas.» 

This descriptive term is applied 
to antennas set apart from the 
usual concepts of operating band-
width. The upper and lower fre-
quencies at which these antennas 
may be operated are determined by 
independent paramters, and hence 
the bandwidth over which the 
radiation pattern and input char-
acteristics are essentially constant 
is theoretically unlimited. Actually, 
the bandwidth is limited only by 
practical considerations of con-
struction, and such antennas have 
been built to operate over a band-
width of more than 42 to 1. There 
is no fundamental reason why this 

bandwidth cannot be extended. 
The general philosophy behind 

the frequency-independent anten-
nas is to design a radiating struc-
ture such that successive applica-
tions of a scaling factor result in 
structures identical with the origi-
nal, or which at most, differ by 
some rotation about an axis through 
the origin of the original structure. 
Although the structure must be in-
finite in size to fulfill the scaling 
condition of exact equivalence, 
forms based upon the equiangular, 
or logarithmic, spiral curve may be 
truncated to a finite size and still re-
tain, over an extremely wide range 
of frequencies, characteristics as-
sociated with the infinite structure. 
A second breakthrough occurred 

in 1955 when R. H. Du Hamel pro-
posed to force radiation from other-
wise angular structures by periodic 
discontinuities. This led to a line-
arly polarized antenna with pattern 
and impedance characteristics that 
repeat periodically with the loga-
rithm of frequency." Although 
these logarithmic-periodic antennas 
scale exactly at only certain dis-
crete frequencies, they can be de-
signed so that the radiation charac-
teristics do not change appreciably 
over the period between these fre-
quencies. Hence they also exhibit 
nearly frequency-independent char-
acteristics. 
Many versions of the log-spiral 

and log-periodic antennas have 
been developed. The planar log-
spiral antenna shown in Fig. 1 
is bidirectional, radiating a broad 
circularly polarized beam on each 
side of, and perpendicular to, the 
antenna plane.» This spiral antenna 
may be made unidirectional, and 
hence more useful, by an ortho-
gonal projection of the balanced 
spiral arms upon the surface of a 
cone (see Fig. 2 left)."' For in-
cluded cone angles less than about 
45 degrees, radiation is confined to 
one broad circularly polarized lobe 
with maximum radiation off the 
apex of the cone. The antenna is 
balanced, with the feed voltage ap-
plied between the two arms at the 
apex of the cone. This feed voltage 
may be supplied by a conventional 
balanced line carried along the axis 
of the cone, or by a coaxial line and 
balun. 

The characteristics of equiangu-
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FIG. 4—First production of Dynatronics 500-to-4,000-Mc dual conical spiral Autorack fed for 40-foot diameter para-
bolic reflector (left); Transit 3B satellite (right) by Appl;ed Physics Lab, of the Johns Hopkins University. The log-
arithmic spiral antenna projected onto the spherical surface provides for transmission at 54, 108, 162 and 216 Mc 

lar spiral antennas permit a third 
method. The feed line, a coaxial 
cable, may be carried along and 
soldered in contact with one of the 
arms. The amplitude of the an-
tenna currents on the arms, and 
also on the outside of the cable, fall 
off rapidly with distance from the 
apex, so the ends of the arms where 
the cable enters carry negligible 
antenna current. This optional 
feed, conveniently and automatic-
ally, provides a frequency-independ-
ent balun, permitting feeding the 
balanced antenna by means of an 
unbalanced line. 

Conical log-spiral antennas have 
been constructed to operate over 
more than 40-to-1 bandwidths. The 
upper usable frequency is deter-
mined by the truncated region at 
the apex which must remain less 
than 1/4 wavelength at the highest 
frequency of operation. The lowest 
usable frequency is determined by 
the base diameter of the cone 
which, for tightly wrapped an-
tennas, must be approximately 3/8 
wavelength at lowest operating fre-
quency. 
A highly practical conical log-

spiral antenna can be constructed 
by allowing the exponentially ex-
panding arms to degenerate into 
narrow constant width structures 
following the logarithmic spiral 
curve (see Fig. 2 right)."" For 
tightly wrapped spirals this version 
has characteristics similar to the 
original antenna. This wire ver-
sion, simple to construct, may be 
excited by bringing the feed cable 
tip the axis of the cone. If the in-

finite balun feed is desired, the 
feed cable itself can become one of 
the arms, with a dummy cable be-
coming the second arm of a bal-
anced structure. 
The balanced conical log-spiral 

antenna has characteristics other 
than bandwith that are attractive. 
The electromagnetic fields radiated 
by these antennas are essentially 
circularly polarized over very wide 
angles off the axis of the antenna. 
In addition, the phase of the far 
field of the two-arm antenna has 
essentially a one-to-one relation-
ship with the azimuthal angle 
around the antenna. These two 
properties were utilized in the line 
feed for the University of Illinois 
radio telescope shown in Fig. 3. 
The focal-line array for this 400-
by-600-foot parabolic reflector con-
sists of a linear array of 286 conical 
logspiral antennas.''. The beam is 
steerable in declination ±-30 de-
grees and the phase adjustment to 
provide this scan is secured by a 
physical rotation of each element 
of the array to a prescribed orien-
tation. Thus it is of importance 
that the beam of each element be 
circularly polarized over at least a 
sector -±30 degrees from the axis 
and that the phase of the radiated 
field be linearly related to the angle 
of orientation around the antenna. 
MuWarm versions of the bal-

anced conical log-spiral antenna op-
erate in several distinct modes. 32 " 
Thus a four-arm symmetrical 
structure may be excited to radiate 
an axial beam with an e"" varia-
tion, that is, the phase of the far 

field varies linearly with the axi-
muthal angle 4), around the antenna. 
It can be excited to produce a coni-
cal beam with an e1 and a conical 
beam with an es" variation. Since 
orientation of the maximum of the 
conical beam may be controlled by 
varying the rate of spiral of the 
antenna arms, it can be positioned 
perpendicular to the axis of the an-
tenna to provide a simple very-
wide-band circularly polarized om-
nidirectional source. The well-
behaved phase characteristics of 
these antennas suggest the basis 
for many variations of phase-com-
parison direction-finding systems." 
The conical log-spiral antennas 

have been developed as feeds for 
dishes used in tracking applica-
tions."" A modernization pro-
gram is now under way to equip 
many of the large parabolic re-
flector antennas on the Atlantic 
Missile Range with dual conical 
spiral feeds designed to cover a 10-
to-1 range of frequencies." The 
first production model of one of 
these feeds is shown in Fig. 4 
(left). 
In an interesting modification of 

the log-spiral geometry, the planar 
antenna, was projected upon a 
spherical surface and used on the 
Transit satellites"' shown in Fig. 4 
(right). Although this geometry is 
no longer frequency independent, 
the antenna operates well over four 
frequencies, spaced from 54 to 216 
Mc. Similarly, the planar antenna 
can be projected upon a myriad of 
surfaces. However, it can be shown 
that the conical surface, which in-
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FIG. 5—Trapezoidal tooth nonplana • log-periodic antenna (left) designed 
by Collins Radio Company to cover .5 to 60 Mc; and logarithmic periodic 
dipole array (right) 

FIG. 6—Militarized version of the log-periodic dipole array (left) by 
Collins Radio Company; and log-periodic resonant-V array (right), an 
adaption of the log-periodic dipole array, designed to operate in several 
different modes 

eludes the plane, is the only surface 
satisfying the required sealing 
principles for unlimited bandwidth. 
The log-periodic antennas have 

been extensively investigated. The 
planar antenna can be modified to 
provide unidirectional patterns by 
forming the two elements of the 
antenna into a V, that is, a non-
planar arrangement.' A wire ver-
sion of the log-periodic elements 
(see Fig. 5 left), and omnidirec-
tional horizontally polarized, and 
unidirectional circularly polarized 

log-periodic antennas have been 
described." Multielement arrays 
have been described,' and design 
information for log-periodic an-
tennas as feeds for dishes, and as 
point-to-point h-f communications 
antennas has been given.'" 
The dipole array of Fig. 5 

(right) is a simple log-periodic 
structure.' The length of each ele-
ment in this array bears a fixed 
ratio to the length of the preceding 
element, and the adjacent element 
spacings bear the same ratio one to 

another. The pattern and imped-
ance characteristics of the array at 
frequency f„, such that the nth ele-
ment is resonant, will be repeated 
at a higher frequency f„.,„ which 
makes the (n + 1)th element reso-
nant. The characteristics repeat 
periodically at all frequencies given 
by el, where n is an integer and 
7' the ratio of the lengths of ad-
jacent elements. The geometry 
shown in this figure provides an 
excitation with a 180-deg phase 
shift between elements. Thus it ra-
diates a single-lobe, linearly polar-
ized beam, directed toward the apex 
of the array. Analysis and design 
information for this array has been 
presented."-" A militarized version 
of the antenna is shown in Fig. 6 
(left). 

In an extension of this work, a 
log-periodic monopole array has 
been described in which simple 
reactive networks produce the 
proper monopole current amplitude 
and phase distribution for unidi-
rectional frequency-independent op-
eration.' A slot complement of the 
log-periodic dipole array has also 
been investigated.' 
The log-periodic resonant-V ar-

ray.' (Fig. 6 right) is an adapta-
tion of the log-periodic dipole ar-
ray, designed to operate in several 
modes. In the lowest order mode, 
the performance approximates the 
log-periodic array. The active por-
tion of the antenna centers around 
elements whose lengths are near a 
half-wavelength at the frequency 
of operation. As the operating fre-
quency is increased, this active re-
gion moves toward the apex. The 
antenna may be designed so that 
as the X/2 region moves off the apex 
of the antenna the large elements 
on the other end approach a 3À2 
resonance. Thus, as the operating 
frequency is increased, the active 
region moves through the array in 
the 3À12 wave mode, then in the 
5X,f2 mode, etc. Forward tilt of the 
individual elements insures a unidi-
rectional beam and provides in-
creased directivity. This antenna 
has transition regions between 
modes where the characteristics de-
teriorate, but it can provide a gain 
of approximately 18 db over an iso-
tropic radiator in the higher modes. 

Triangular or zig-zag log-peri-
odic structures have received con-
siderable attention. A flush-
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mounted sinuous structure, fed by 
a waveguide, has been studied,' 
and a balanced zig-zag antenna has 
been proposed." A vertically polar-
ized log-periodic zig-zag antenna' 
is shown in Fig. 7. The teeth bent 
parallel to the ground plane serve 
as a delay line to phase the vertical 
radiating portions. 
Tapering structures, not con-

structed in a logarithmic periodic 
manner, have led to antennas of ap-
preciable bandwidth. One tapered 
ladder antenna' consists of sym-
metrical elements excited by a bal-
anced line. In addition long slot, 
tapered feed, structures that can be 
used over a 10-to-1 bandwidth have 
been proposed." A radiating horn 
with side walls of periodically 
spaced wires," when fed from a 
ridged waveguide, can be operated 
over a 4-to-1 range of frequencies. 
The frequency-independent an-

tennas have opened up a new era in 
wide-band antennas. However, in 
view of their complex geometry, the 
experimental and empirical devel-
opment of these antennas have out-
stripped their theoretical analysis. 

The theoretical problem of the 
log-spiral antenna has received con-
siderable attention. This problem 
has been attacked by calculating the 
fields due to a logarithmic spiral 
filament,' and the fields produced 
by an infinite number of planar 
logarithmic spiral filaments.' An 
approximate analysis for the radia-
tion patterns of a filamentary log-
spiral antenna with an assumed 
current distribution has been pub-
lished."' 
A recent comprehensive analysis 

of the log-periodic dipole array has 
been reported." 
A new and promising approach 

considers the log-periodic antenna 
as a locally periodic structure whose 
period varies slowly, increasing 
linearly with distance to the origin 
or apex.' This approach indicates 
that the basic ingredients for a 
frequency-independent antenna are 
a slow-wave transmission medium 
and a series of radiating elements, 
satisfying the similarity condi-
tion, coupled to the transmission 
medium at points spaced in geo-
metric progression. Such a struc-

ture produces a wave substantially 
radiated toward the feed point with 
characteristics that vary little as 
the operating frequency is varied 
over extremely wide bandwidths. 
A general consideration of the log 

periodic zig-zag antennas and the 
conical log-spiral antennas as lo-
cally periodic, slow wave structures 
has led to a better understanding 
of their operation and to some use-
ful design criteria.'" 

This survey has covered the work 
of many people. It has been impos-
sible to acknowledge the work of 
many others, however an extensive 
list of references has been included. 

The original work on logarithmic 
spiral and logarithmic periodic an-
tennas was conducted at the Uni-
versity of Illinois, sponsored by 
the Aeronautical Systems Division, 
Wright Air Development Division 
under contracts AF33 (616)-3220 
and AF33 (616)-6079. 

This article is based upon a 
paper by the author published in 
the Journal of Research of the Na-
tional Bureau of Standards, Sec-
tion D, January 1962. 

REFERENCES 
(1) A. G. Kandoian, Three New Antenna 
Types and Their Applications, Proc. IRE, 
35, p 70w, Feb. 1946. 
(2) P. S. Springer, End-Loaded and Ex-
panding Helices as Broadband Circularly 
Polarized Radiators, Proceedings National 
Electronic Conference, 5, 1949. 
(3) J. S. Chatterjee, Radiation Field of 
a Conical Helix, Journal of Applied phys-
ics, 24, p 550. May 1953. 
(4) J. S. Chatterjee, Radiation Character-
istics of a Conical Helix of Low Pitch 
Angles, J. Appl. Phys., 26, p 331. Mar. 
1955. 
(5) E. M. Turner, Spiral Slot Antenna, 
Wright Air Development Center. Dayton. 
Ohio, Technical Note WCLR-55-8, June 
1955. 
(6) B. H. Flurdine, and R. M. MeElvery. 
Spiral Antennas, MIT Research Labora-
tory of Electronics, Report No. I. Mar. 
1955. 
(7) B. H. Burdine, and H. J. Zimmerman, 
The Spiral Antenna. MIT Research Lab-
oratory of Electronics, Report No. 2, Apr. 
1955. 
(8) E. M. Turner, Broadband Radiators, 
Proc. IRE Nat, Aero. Electronics Con-
ference, 1958. 
(9) W. L. Curtis, Spiral Antennas IRE 
Transactions. AP-8. p 298, May 1960. 
(10) J. A. Kaiser, The Archimedean Two-
Wire Spiral Antenna. IRE Transactions. 
AP-8, p 312. May 1960. 
(11) R. Bawer, and J. J. Wolfe, The Spiral 
Antenna, IRE National Convention Rec-
ord. p 84, 1960. 
(12) J. P. Jones, D. E. Taylor and C. W. 
Morrow, Design Techniques for a Light 
Weight High Power Spiral Antenna. IRE 
IVESCON Convention Record. 4, Part 1, 
p 107, 1960. 
(13) J. R. Donnellan, Second-Mode Opera-
tion of the Spiral Antenna, IRE Trans.. 
AP-8, p 617, Nov. 1960. 
(14) S. R. Jones, and E. M. Turner, 
Polarization Control with Oppositely 
Sensed Circularly Polarized Antennas, 
Proc. IRE National Aero. Electronics 
Conf., n 588. May 1959. 
(15) R.M. Brown, Jr., and R. C. Dodson, 
Parasitic Spiral Arrays, IRE International 
Convention Record, 8. Part 1. p 51, 1960. 

(16) J. R. Donnellan, and R. T. Close, A 
Spiral-Grating Array, IRE Trans.. AP-9, 
1) 291, May 1961. 
(17) J. R. Donnellan, A Spiral-Doublet 
Scanning Array, IRE Trans., AP-9, p 276, 
May 1961. 
(18) J. D. Dyson. The Equiangular Spiral 
Antenna, Proc. Fifth Symp. on the USAF 
Ant. Research and Development Program, 
Ailerton Park, Monticello, Oct. 22, 1955. 
(Classified). 
(19) J. D. Dyson, The Equiangular Spiral 
Antenna, IRE Trans., AP-7, p 181, Apr. 
1959. 
(20) V. H. Rumsey, Frequency Independ-
ent Antennas, IRE Nat. Cony. Record. 
Part 1, p 114, 1957. Also Antenna Labora-
tory Technical Report No. 20, Contract 33 
(616)4220, Dept. of Electrical Engineer-
ing, University of Illinois, 25 Oct. 1957. 
(21) R. H. DuHamel, U. S. Patent No. 
2.985,879, 1959. 
(22) R. H. DuHamel, and D. E. Isbell, 
Broadband Logarithmically Periodic An-
tenna Structures, IRE Nat. Cone. Record. 
Part 1. p 119, 1957. 
(23) J. D. Dyson, The Equiangular Spiral 
Antenna, AD-145019, Technical Report No. 
21, Contract AF33 (616-3220, Dept. of 
Electrical Engineering. Univ. of Ill., Sept. 
15, 1957. 
(24) N. Barbano, Phase Center Distribu-
tions of Spiral Antennas, IRE IVESCON 
Cont'. Record, 4, Part 1, p 123, 1960. 
(25) J. D. Dyson, Recent Developments in 
Spiral Antennas, Proc. IRE Nat. Aero. 
Elect. Conf.. p 617, May 1959. 
(26) M. S. Wheeler, Design Procedure for 
Equiangular Spiral Antennas, Seventh 
East Conf. on Aero. and Nay. Electronics, 
p 1.2.4. Oct. 1960. 
(27) J. D. Dyson, U. S. Patent No. 2,958,-
081, 1959. 
(28) .T. D. Dyson, The Non-Planar Equi-
angular Spiral Antenna, Proc. Eighth 
Symposium. USAF Antenna Research and 
Dei'lopn,ent Program Robert Allerton 
Park, Monticello, ¡Il., Oct. 1958. 
(29) J. D. Dyson, The Unidirectional Equi-
angular Spiral Antenna, IRE Trans., Vol. 
AP-7. pp. 330-334, October. 1959. Also 
Antenna Laboratory Technical Report No. 
33, Contract 33(616)-6079, Dept. of Elec-
trical Engineering, University of Illinois, 
.Tuly 10, 1958. 

(30)M. Nussbaum, Designing Broadband 
Conical Helix Antennas, Electronic De-
sign, Sept. 3, 1958. 
(31) H. S. Barsky, Broadband Conical 
Helix Antennas, IRE Nat. Cony. Record. 
7, Part 1, p 130, 1959. 
(32) J. D. Dyson, and P. E. Mayes, The 
Log-Spiral Omnidirectional Circularly Po-
larized Antenna. URSI-IRE Spring Meet-
ing, Wash., D. C., May 3, 1960. 
(33) J. D. Dyson, and P. E. Mayes, New 
Circularly Polarized Frequency Independ-
ent Antennas with Conical Beam or Omni-
directional Patterns, IRE Trans., AP-9. 
No. 4, p 334, July 1961. Also Antenna 
Laboratory Technical Report No. 46, Con-
tract AF33(616)-3220, Dept. of Electrical 
Engineering, Univ. of III., July 1960. 
(34) J. D. Dyson, Multi-Mode Logarithmic 
Spiral Antennas—Possible Applications„ 
Proc. National Electronic Conf., 17, p 
206, Oct. 1961. 
(35) J. D. Dyson, The Log-Spiral Antenna 
in Simple Arrays, Proc. of the Eleventh 
Symposium. USAF Antenna Research and 
Development Program, Allerton Park, 
Monticello, Ill., Oct. 1961. 
(36) E. M. Turner, The Scimitar Antenna, 
Proc. IRE Nat, Aero. Electronics Conf. 
1956. 
(37) H. B. Riblet, A Broadband Spherical 
Satellite Antenna, Proc. IRE, 48, p 631, 
Apr. 1960. 
(38) D. E. Isbell, Non-Planar Logarith-
mically Periodic Antenna Structures, Proc. 
Seventh Symp. USAF Ant. Res. and Den.. 
Allerton Park, Monticello, Illinois. Octo-
ber 1957. Also Antenna Laboratory Tech-
nical Report No. 30, Contract AF33 (616)-
3220, Elect. Eng. Dept., Univ. of III., Feb. 
1958. 
(39) R. H. DuHamel, and F. R. Ore. 
Logarithmically Periodic Antenna Designs, 
IRE Nat. Cony. Rec., Part 2, p 139, 1958. 
(40) R. H. DuHamel, and D. G. Berry. 
Logarithmically Periodic Antenna Arrays. 
IRE WESCON Cony. Rec., 2, Part 1, p 161, 
1958. 
(41) R. H. DuHamel, and F. R. Ore, Log 
Periodic Feeds for Lens and Reflectors, 
IRE Nat. Cony. Rec., 7, Part 1, p 128, 
1959. 
(42) R. H. DuHamel, and D. G. Berry, 

April 20, 1962 43 



A New Concept in Iligh Frequency An-
tenna Designs, I et:. N a tamed Con r. Rec.. 
Part 1, p 42, 1959. 
(43) D. E. Isbell, A Log-Periodic Reflector 
Feed, Proc. IRE. 47, No. 6, p 1152, June 
1959. 
(44) C. T. Elfving, Design Criteria for 
Log-Periodic Antennas, IRE WE Set. 
rem c. Rec.. 1961. 
(45) It. L. Bell, C. T. Elfving, and R. E. 
Franks, Near-Field Measurements on a 
Logarithmically Periodic Antenna, I HE 
Trans., AP-8, p 559. Nov. 1960. 
(46) D. E. Isbell, Log-Periodic Dipole Ar-
rays, IRE Trans.. AP-8, p 260, May 1960. 
Also Antenna Laboratory Technical Re-
port No. 39, ('nitrad t AF33(616)-322o. 
Dept. of Elect. Eng., Univ. of III_ Jutu• 
1959. 
(47) R. L. Carrel, An Analysis of Log-
Periodic Dipole Antennas, Proc. Ten lie 
Synep. USAF Ant. Res. and Der. Pro/., 
Allerton Park, Monticello„ ill. ()et. 19ko. 
(48) It. L. Carrel, The Design of Log-
Periodic Dipole Antennas, IRK Nat. ('onk'. 
Record, 9, 1961. Also Antenna Laboratory 
Technical Report No. 52, Contract AF33-
(616)-6079, Dept. of Elect. Eng.. Univ. of 
M., Oct. 1961. 
(49) I). G. Berry, and F. It. Ore, Log-
Periodic Monopole Array, IRE Interna-
1 ional Coat'. Rec.. 1961. 
(50) J. W. Schomer and D. E. Isbell, "The 
Development of the Slot Complement of (tie 
LP Dipole Array." Proc. Tenth Annual 
Sy en posium USAF Antenna Research a ?id 

rt lopin C11 t Proyra eel . Allerton Park, 
114, Oct. 1960. 

(51) I'. E. Mayes and It. L. Carrel, Log-
Resoriant-V Arrays, IRE WE s-

et) N Pon r. Record, 1961. Also Antenna 
Laboratory Technical Report No. 47. Dept 
of Ele,t. Eng., Univ. of Ill.,Jtilv 1960. 

(52) I'. E. Mayes and R. L. Carrel. Gain HighLog-Per ,(lie Antennas, Proc. Tenth 

ESAFAntenna Res. and Dui% Pron.. 
Allerton Park. lontivello. Ill.. ((et. 19e0. 
(53) J. K. Shimizer, E. M. T. .iones, and 
It. C. Honey. A Sinuous Flush-Mounted 
Frequency-Independent Antenna. Seienti-
fie Report No. 3, Contract »1 9(604)-
3502, Stanford Research Inst.. (let. 1959. 
(54) .1. W. Carr, Some Variations in Log-
Periodic Antenna Structures, IRE Trans.. 
AP-0. p 229, March 1961. 

(55) J. W. Greiser and P. E. Mayes, Ver-
tically Polarized Log-Peridoic Zig-Z.ag An-
tennas, Proceedings Nat. Elect. Cont., IS, 
p 193, 1961. 
(56) R. E. Franks and C. T. Elfving, Re-
flector-type Periodic Broadband Antennas, 
IRE 11' E Sr( )N Conte. Record. 2, p 266. 
195$. 
(57) C. W. (hillard, and R. E. Franks, Fre-
fluency Independent Antennas — Several 
New and Undeveloped Ideas, Micron:or, 
J0111%. 4, p 67, Feb. 
(53) A. F. Wickersham, Jr., Recent De-
velopments in Very Broadband End-Fire 
Arrays, Proc. IRE, 48. p 794, (correspond-
ence), Apr. 1960. 
(59) A. F. Wickersham, Jr.. It. F. Franks. 
and R. L. Bell, Further Developments itt 
Tapered Ladder Antennas, Proc. IRE, .19, 
p 378, (correspondence). Jan. 1961. 
(60) Juulius Kane and M. J. Rodriquez, 
Study of 13r((adband Search Antennas for 
ECM Applications, AFCRL 182. Final Re-
port AFI9 0(04)-5463, Dome and Mar-
golin Inc.. Westbury, N. Y., March 1961. 
(61) C. F. Parker and R..1. Anderson, 
Constant Beamwidth Broadband Anten-
nas, IRE Nat (anal Pone% Record, 5. part 
1, p s7 1957. 
(62f .1. R. Tomlinson and M. N. Fullilove. 
Very Broadband Feed for Paraboloidal 
Reflectors, IRE National Con r. Yee_ I, 
Part 1, p 147. 1959. 
(63) P. H. Mast, A Theoretical Study of 
the Equiangular Spiral Antenna, Antenna 
Laborabiry Technical Report No. 35, Con-
tract A F33 ( 616 ) -3220, Dept. of Elect. 
Eng., University of Illinois, Sept. li(5S. 
(61 ) V. H. Rumsay, Antenna Analysis in 
(leneral with Specific Reference t(( Pre 
quency Independent Anten0aS, Tech. Re-
port Issue No. 230, Series No. 60. Contract 
N7-onr-29529, Dept. of Elect rica 1 Engi-
neering. Univ. of Calif., Iterkeley. Feb. 
25, 1959. 
(65) V. H. Rumsey, A Solution to the 
Equiangular Spiral Antenna Problem. 
¡ L' Trans.. AP-7, p S-117, Dec. 1959. 
(6(1) J. It. Copeland, Radiation from the 
Balanced Conical Equiangular Spiral An-
tenna, Technical Report No. 903-912, Con-
tract AF33(616)-6211, Dept. of Elect. 
Eng.. Ohio State Univ., Sept. 1960. 
(67) M. S. Wheeler, Radiation Patterns 

of Two and Four Arm Geometric Spirals, 
Report No. AA-2137, Air Arm Division, 
Westinghouse Electric Corp., Sept. 2, 1959. 
(68) M. S. Wheeler, On the Radiation 
from Several Regions in Spiral Antennas, 
tine Trans., AP-9, p 109, Jan. 1961. 
(69) G. A. Deschamps, Impedance Proper-
ties of Complementary Multi-Terminal 
I'lanar Structures, IRE 7'rans.. AP-7, 
p 3371, Dec. 1959. 
(70) P. E. Mayes, CI. A. Deschamps and 
\V. T. Patton, Backward-Wave Radiation 
from Periodic Structures and Applications 
to the Design of Frequency-Independent 
Antennas, P roc. IRE, 49, No. 5, p. 962, 
sly 1961. 
( 71 I Swenson, (h. W. and Lo, Y. T., "The 
University of Illinois Radio Telescope." 
IRE Trans.. AP-9, pp 9-16, January 1961. 
(72) Dyson, J. D., "The Coupling and Mu-
tual Impedance between Conical Logarith-
tnie Spiral Antemtas in Simple Arrays," 
Ire International Convention Reeord, 
Mara 1962. 
(73) Webster, Robert and Lyles, J. F., 
"Application of Frequency-Independent 
Feeds to Automatic Tracking Antennas," 
Abstracts of Eleventh Annual Symposium 
on USAF Ant. Res. and Dey. Program. 
t.tItert Allert((n Park, Monticello, Illinois, 

(Ictob('r 16, 1961. 
(74) Bales. It. W. and Valkenburg, 
"Antenna Fced Has Ten-to-One Band-
width," El. OM 34, No. 48, December 
Roll, pp. :o(-5:•(. 
(75) Bresler. A. D., Jasik, H., and Kam-
pesky. n A., "A Wide Band Conical Sean 
Antenlia Feed System," The II icro era re 
bueno!. 4, December 1961, pp 97-101. 
(76) Cheo, B. It. S., Rumsey, V. H., and 
Weleh, W. J., "A Solution to Frequency 
Independent Antenna Problem," IRE 
Trans.. AP-9, pp 535-543, November 1961. 
(77) mass, .1. Minton, T. M., and 
Peeler, G. D., "A Dual Mode Spiral An-
tenna," Proceedings National Aeronauti-
cal Electronies Conference, May 1961. 
(75) 1)eschamps, G. A. and DuHainel, 
R. H., "Frequency Independent Antennas: 
F.1quiangular and Log-Periodic Antennas", 
Chapter 18 of "Antenna Engineering 
Handbook", edited by H. Jasik, McGraw-
Hill Book Co., 1961. 

FIG. 7—Teeth of the vertically polarized log-periodic zig-zag antenna bent parallel to the ground plane serve as a 

delay line to phase the vertical radiating portions 
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GASEOUS BREAKDOWN IN 

Pressurized Microwave Components 

Factors that cause electrical breakdown in waveguides and other microwave 

components are discussed along with the means to prevent this type of breakdown 

By R. M. WHITE and R. H. STONE, Traveling-Wave-Tube Product Section. General Electric Company, Palo Alto. Calif. 

PRESSURIZED MICROWAVE transmis-
sion systems frequently arc over or 
break down electrically at power 
levels far below the handbook values 
for transmission lines themselves.' 
In some instances such low break-
down values are observed because 
of arcing in complex components— 
such as rotary joints—having 
breakdown thresholds far lower 
than those of the interconnecting 
transmission lines. Analysis of the 
fields in these components may be 
so difficult that it is preferable to 
rely on empirical designs. In many 
other cases, low breakdown levels 
are encountered because the phys-
ical characteristics of the transmis-
sion components are not identical 
with those assumed in the theoret-
ical breakdown analysis. It is often 
possible to correct this by making 
the actual and the theoretical char-
acteristics more nearly alike. 
The more common reasons for 

differences in the two sets of char-

FUNDAMENTAL- 20 dbw 
HARMONIC -20 dbw 

acteristics are: microwave power at 
frequencies out of the recommended 
operating range, heating of the 
gaseous dielectric, dust or other 
foreign particles in the system and 
improperly designed and connected 
components. Often elimination of 
one or more of these conditions 
eliminates the arcing problem. 
Breakdown electric field strength 

for common gases at or above at-
mospheric pressure is independent 
of frequency in the microwave 
range. Yet a mixture of a small 
amount of harmonic or out-of-band 
spurious power with the fundamen-
tal may reduce the permissible 
fundamental operating power level 
to a fraction of the theoretical level. 

In some components, out-of-band 
power may be high relative to the 
fundamental power as a result of 
frequency-dependent coupling in 
components such as directional cou-
plers (Fig. 1A). High harmonic 
electric fields may arise because of 

FUNDAMENTAL 0 dbw FUNDAMENTAL Odbw 
HARMONIC <-20dbw HARMONIC —20dbw 

(A) 

DOMINANT 
MODE 
E-FIELDS 

INDUCTIVE 
IRIS 

HARMONIC 
MODE 

(B) El ti  E-FIELD (C) 

resonances in components which 
are well matched at the fundamen-
tal frequency (Fig. 1B). Trans-
mission line impedances may be 
high for harmonic power near 
higher mode waveguide cut-off fre-
quencies (Fig. 1C), permitting elec-
tric fields to rise to the breakdown 
level. 
A microwave system may operate 

well shortly after being turned on, 
but then may arc during warm up. 
Heating of the gaseous dielectric 
in this period in a constant-pres-
sure system produces a reduced 
density of gas molecules and a con-
sequent lowering of the breakdown 
threshold. At constant pressures 
above 1 atmosphere, the breakdown 
power level, W (T), at a tempera-
ture T degrees absolute is propor-
tional to the level, W (T.), at some 
reference temperature T., times the 
square of the temperature ratio 

W (T) = W (T.) (T./T) 2 
Thus relatively small tempera-

MODERATE HARMONIC POWER 
MAY BE ACCOMPANIED BY HIGH 
ELECTRIC FIELDS AT 
FREQUENCIES NEAR CUT-OFF 

j-STANDARD GUIDE 
I OPERATES HERE 

4 - r ...-H -----f--- 
IMPEDANCE FOR OV,ERSIZED WAVEGUIDE 

oev i II 1 I n I I 1 
0 3 4 5 6 

FREQUENCY, RELATIVE 
7 

FIG. 1—Breakdown may be caused by high values of harmonic power such as at (A) where the fundamental and 
harmonic are equal at the exit from the side arm. In (B), the inductive iris may cause a breakdown when harmonic 
power in a transverse mode is present. Transmission line impedance is affected by frequency (C) and influences break-
down characteristic 
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DEPENDENCE OF BREAKDOWN LEVEL UPON WALL MATERIAL 
AND SURFACE FINISH 

Waveguide 
Material 

Bump 

Material 

Al Al 

Indite on Al 

Cu Cu 

Cu 

Cu 
Al 

Brass 

Al 
Cu 

Finish No. 

fi 1 
4 2 
4 3 
4 5 

32 4 
300 6 

t4 7 
4 8 

9 
300 8 
300 8 
300 7 

t4 
4 
4 

13 
I t 
15 

1.1 1 
4 7 

Power Level 
(relative) 

1.07 
1.09 
1.06 
1.13 
1.09 
1.05 

1.09 
1.09 
1.10 
1.00 
1 05 
1.10 

1.00 
1.04 
1.06 

0.98 
1.03 

Data taken in air at one atmosphere in an S-hand test cell similar to that 
shown in Figure 3. Results show breakdown level is independent of wall 
material and surface finish over the range from fl to f300 

ture changes may produce large 
changes in the breakdown power 
level, Fig. 2. Calculations of the 
temperature rise which can occur 
in typical S-band waveguide carry-
ing a 20-megawatt peak signal hav-
ing 300-microsecond pulses and a 
0.005 duty cycle, show that with air 
convection the temperature of the 
inner waveguide wall may rise 
175 C above the outside ambient 
air temperature. 

Dust in hemispherical waveguide 
spark gaps, Fig. 3, has been found 
to lower the breakdown power level 
to 10 percent of its theoretical 
value. Similar results were obtained 
when metal filings were placed in 
the system. 

Flanges and other circuit joints 
frequently initiate corona and the 
production of free electrons and 
ions that lead to breakdown. This 
sizzling at joints may result from 
improper design, fabrication or in-
stallation of parts. Figure 4 shows 
a cover flange and waveguide that 
arced where breaks in the current 

paths were introduced by a poor 
braze joint. Good and bad locations 
for brazes or welds are shown in 
Fig. 5. Tests of cover and choke 
flanges indicate that cover flanges 
with radiused front surfaces per-
mit greater misalignment during 
circuit assembly than do choke 
flanges. Passing the smooth wave-
guide through the flange as shown 
in Fig. 5C and 5E improves per-
formance since it eliminates the 
possible ridge where the waveguide 
joins the flange. Proper placement 
of welds and joints will avoid shorts 
and discontinuities, and will im-
prove mechanical structure. 
Breakdown can often be elimi-

nated in obvious ways. Spurious 
signals such as those produced by 
all high-power microwave tubes 
can be eliminated by filtering. De-
sign of components to avoid large 
amplitude standing waves is pos-
sible in systems where the spectra 
of the spurious signals are known. 
The gaseous dielectric can be kept 
cool by passing the gas through a 
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FIG. 2—Dependence of waveguide 
breakdown power upon gas temper-
ature at fixed pressure 

4-3/4 Xg 

'r 'b,4 SUMP 

FIG. 3—Section used for breakdown 
test contains two hemispherical 
bumps spaced at 2 wavelength for 
matching. One bump is flattened to 
insure breakdown at other bump 
only 

heat exchanger external to the mi-
crowave lines, by cooling the sys-
tem walls, and even by improving 
the radiative heat transfer from 
the system by liberal applications 
of black paint. Foreign particles 
can be removed from components 
by thorough cleaning during manu-
facture. Components can be kept 
sealed until they are assembled. 
Absolute filtering of the gas circu-
lated (for example, by electrostatic 
precipitation) through the system 
will keep the system free of dust 
during operation. Design of joints 
and alignment during installation 
can reduce the severity of that 
source of arcing. 

Tests indicate that in high-pres-
sure systems the breakdown level 
is independent of the internal sur-
face finish in the range of finishes 
from f4 to f300 (RMS surface ex-
cursions between 4 and 300 micro-
inches respectively). Test results 
are in agreement with theoretical 
analysis', which shows that break-
down thresholds are unaffected by 
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small regions of high electric field 
provided those regions occur near a 
material wall such as the inner wall 
of a waveguide. 
An important role is played in 

breakdown by ionizing radiation. 
If the cumulative ionization break-
down process is to begin, free elec-
trons must be available in the gas-
eous dielectric. The initial electrons 
may be produced by corona dis-
charges occurring at sharp discon-
tinuities, or by external ionizing 
radiation such as cosmic rays or 
X rays produced by a high-voltage 
vacuum tube. Breakdown measure-
ments should be made on compo-
nents under test in their operating 
environments, including the char-
acteristic radiation which will be 
encountered during operation. In 
laboratory testing, a radioactive 
source or an industrial X-ray ma-
chine provides a radiation back-
ground permitting rapid measure-
ments of minimum breakdown 
power levels.' 

In conclusion, several means have 
been mentioned here for bringing 
actual operating levels closer to the 
theoretical breakdown levels. These 
means include attending to such de-
tails as the signal frequency spec-
trum, heating of the dielectric, 
cleanliness of the system, and com-
ponent design and installation. By 
combining these means it is pos-
sible to reduce the magnitude of 
the derating safety factors com-
monly divided into the theoretical 
power handling values for pressur-
ized transmission systems. These 
safety factors—which are actually 
indications of ignorance of the op-
erating system characteristics—can 
be reduced by making sure the 
characteristics of the operating sys-
tem are identical with those of the 
model system on which the theo-
retical analysis is based. 
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FIG. 4—Disco/orations on this cover flange were caused by arcing 

(A) 

WELD 

JOINT 

(D) 

(B) 

(E) (F) 

FIG. 5—Heavy weld on cover flange (A) would avoid possibility of a short 
caused by welding on face (B), but (B) makes a better flange. Rounding 
corners (C) improves behavior. Joint in choke flange (D) could cause 
discontinuity that could result in arcing. Solution is to pass waveguide 
through .flange (E) and round corners (F) 
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Switching-Time Tester for 
Easily operated switching-time comparator enables quantity testing 

of tunnel-diode switching speed. Rapid test rejects diodes that 

switch slower than predetermined rate on go no-go basis 

PRODUCTION QUANTITIES of tunnel 
diodes can be tested to establish 
that switching time does not exceed 
a predetermined limit. A switch-
ing-time comparator has been de-
signed that requires only a few 
seconds to check each diode. Test-
ing time is limited only by the speed 
at which diodes can be inserted 
and removed from the test socket. 

If switching time of a tunnel di-
ode is within the specified limit, 
pressing a test pushbutton causes 
an indicator lamp to light. How-
ever, if the tunnel diode switches 
too slowly, the lamp does not light. 
Thus operation of the comparator 
requires little training. In contrast, 
switching time of tunnel diodes is 
usually evaluated by highly trained 
personnel using an r-f bridge and 
several other pieces of expensive 
test equipment. The only additional 
equipment needed with the com-
parator is a well-regulated 12-volt 
supply and any pulse generator that 
can provide a negative 25-volt pulse 
into its characteristic impedance. 

Operation of the comparator is 
based on slope detection of the 
switching waveform. The tunnel 
diode under test is switched by a 
slowly rising input current like 
that in Fig. 1A. Tunnel-diode out-
put voltage in Fig. 1B is applied 
across an R-C differentiating cir-
cuit having a short time constant 
compared to diode switching time. 
Voltage across the resistor, a short 
pulse like that in Fig. 1C, is in-
versely proportional to switching 
time. Switching speed is primarily 
dependent on peak-to-valley current 
ratio, shown in Fig. 1D, and junc-
tion capacitance. 
The switching waveform can be 

approximated by a ramp input to 

the differentiating circuit with the 
origin at 1 in Fig. 1B, in which 
e = Kt, where K = (.17 — V„)/ts, 
which is the slope of the switching 
waveform. Differentiator output is 
described by e,„ = e. 4- 1/C f idt, 
the solution' for which is e„ = KRC 
(1 — e-"/"). If te is large com-
pared to RC, the equation becomes 
e. = KRC. 

V 

TRANSITION PATHS 
(FOLLOWS LOAD LINE ) 

FIG. 1—Slowly rising current (A) 
switches diode, the output voltage (B) 
of which is differentiated to produce 
a pulse (C) inversely proportional 
to switching time. Peak-to-valley cur-
rent ratio (D) and junction capaci-
tance are primary factors determin-
ing stvitching time 

Pulse output of the slope detector 
in Fig. 2 is amplified to increase 
sensitivity and applied to the am-
plitude threshold circuit, which 
passes only those pulses exceed-
ing the predetermined amplitude 
threshold. Pulses passed while the 
test button is depressed activate the 
latch circuit, causing the indicator 
lamp to light. Releasing the test 
button resets the latch circuit. 

Pulse generator output is inte-
grated by RC, in Fig. 3 and ap-
plied through R, to the tunnel diode 
under test. The value of R, is equal 
to the characteristic impedance of 
the pulse generator. The time con-
stant of R,C, is long compared to 
tunnel-diode switching time to 
avoid excessively high amplitude at 
the differentiator output. A suffi-
ciently large resistance is used for 
R, to isolate the tunnel diode under 
test from the input and to enable 
the diode to switch. 
The differentiator consists of C,, 

R, and R„ and the values in Fig. 3 
provide a 0.5-nsec time constant. 
However, time constant can be 
shorter to test diodes having 
switching times less than 1 nsec. 
The emitter follower and ampli-

fier configuration was chosen to 
provide the most gain possible with 
the least number of components. 
The emitter follower prevents load-
ing of the differentiating circuit. 
The tunnel-diode latch circuit 

provides amplitude comparison, d-e 
latching and indicator lamp power. 
The versatility of this circuit com-
bined with its high frequency char-
acteristics makes it particularly 
well-suited to the comparator. 
Germanium tunnel diode D, is 

biased near its peak in the low-volt-
age state so that a small pulse above 
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Tunne lodes By JI.t E. GERSBBACHusiness  lanhd. I. LIEBERhkeepsie. N. Y. 
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FIG. 2—If diode switching time is within predetermined limit, threshold 
circuit passes slope detector output pulses, causing latch circuit to light 
indicator when test button is pressed 
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FIG. 3—Amplified differentiator pulse above level set by caliblation con-
trol switches D,, causing Q., to saturate and lamp to light when normally 
closed test switch is open 

the predetermined amplitude level 
causes the diode to switch if the 
test switch is open. Diode switching 
causes Q„ to saturate and the indi-
cator lamp to light. Calibration 
control R„ establishes the operating 
point of D, and thus the pulse am-
plitude that causes it to switch. 

Silicon transistors were selected 
for the emitter follower and the 
amplifier because of their more sta-
ble temperature characteristics and 
their low leakage currents, which 
tend to limit drift in the a-c gain. 
Power dissipation was kept low for 
the same reasons. 
A germanium transistor must be 

used for Q,, to be compatible with 
the forward voltage drop of D,. 
Peak current in D, must permit a 
value of R„ that provides sufficient 
base current to ensure that Q, satu-
rates when it is switched on. 
The basis for selecting compo-

nent values is indicated by some 
approximate design equations. Time 

Switching-time comparator is used by 
authors Lieber (left) and Gersbach to 
conduct tunnel diode test 

constant R,C, >> te > C2(R„R,)/ 
(R„ + R,), where ts is switching 
time of the tunnel diode under test, 
and R„ >> 1/—G, where —G is 
negative conductance of the test 
diode. Also, V,,, = V„R,/(1?„ + 
R,) and R, = (Vbi — V,,,,)/ — 
1,,„). 

Resistor R„ = (V,,, — V,„., — 
V,„„) /1,„ R, ^.=•• voltage gain (r,,, + 
rb2/A) and I?, < (V„ — VbJ/ 
1,.„ R. + R„ = V„./(1,, — I pulse — 
/,.„,,), where 1,, is peak current in 
D, and I = C,(dV„/dt) in which 
V„ is amplified pulse voltage, and 
R, + R„ < (V„ — V,)/ (I,. + 
I,.„' j3„), where I,. is valley current 
in D, and V, is lamp voltage. Re-
sistor R„, = (V,., — V„,„ — V,)/(1, 
— — I„), where I, is lamp cur-
rent. 

In these equations, I,„ of Q, and 
Q„ which is in the range of nano-
amperes, is neglected. Capacitors C„ 
and C,, are assumed to be short cir-
cuits to the pulse. 

A reference tunnel diode is re-
quired that is known to have the 
maximum permissible switching 
time. It is inserted in the test 
socket, and the calibration control 
is adjusted with the test pushbutton 
depressed until the lamp just 
switches on to establish the thres-
hold. Any diode subsequently tested 
causes the indicator lamp to light if 
its switching time is equal to or less 
than the reference diode. 
The tester is sensitive to noise 

and subject to drift. About 20 min-
utes is required for initial warmup, 
and recalibration every hour is rec-
ommended. The comparator should 
not be operated near noise sources 
like power tools or other machines 
that consume large currents at high 
frequencies. The tester power sup-
ply must be independent of line-
voltage fluctuations and transients. 

REFERENCE 
(11 Millman and Taub, "Pulse and 

Digital Circuits," McGraw-Hill Bonk Com-
pany, 1956. 

April 20, 1962 49 



Ignitron-Pulsed Electric Fence 

GUIDES MIGRATING SALMON 

Direct-current pulses fed to immersed electrodes keep fish out of hydroelectric 

turbines, help them reach their breeding grounds without mishap. Sequential 

ignitron triggering gives pulse-sweeping effect. 

By CHARLES D. VOLZ, U.S. Fish and Wildlife. Sand Point Naval Air Station, Seattle 15. Washington. 

FIG. 1—Electric fence, powered by ju0 Kw d-c generator, is on Lake 
Tapps, near Auburn, Washington 

3 

(A) (B) 

171 
(LOAD) 

FIG. 2—Ignitron V, (A) passes pulses to .fish fence, second ignitron 
V, turns V, off. In (B), precharged capacitor C is connected by V, across 
the terminals to reverse ignitron V, polarity and terminate the pulse 

THE U. S. DEPARTMENT OF FISHERIES 

has taken a cue from the cattle-
men and is now using an under-
water electric fence to shepherd mi-
grating and spawning salmon into 
the right traffic lanes for their jour-
ney to and from the ocean. 

Construction projects for dams 
and hydroelectric power station fre-
quently bypass the water flow by 
using diversionary tunnels; since 
the water velocity in these tunnels 
is high, salmon returning to their 
breeding grounds cannot swim 
against the current. In such cases, 
the salmon are diverted to fish-
traps, where they are caught and 
put into fish tanks for transporta-
tion to a calmer region upstream. 

Using d-c pulses,".". electric fish 
screens are successful in guiding 
fish into fish traps, and at the 
Brownlee dam site on the Snake 
River between Oregon and Idaho 
an electric fish fence about 105 feet 
long and 40 feet high diverted 
16,000 salmon and steelhead trout 
during a period of several months. 
An improved model of the equip-

ment has been built for studies on 
salmon fingerlings at Lake Tapps, 
an artificial impoundment near 
Sumner, Washington. An outlet 
from the lake leads to the intake 
for a hydro-electric generating 
plant. This arrangement, Fig. 1 
uses a W shaped array using two 
traps and has given encouraging 
results over a two-year operating 
period. 
The pulse generator uses a pair 

of high-current ignitron tubes, one 
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Electric fence (left) under construction at Brownlee dam site. Fish traps are seen through opening on left. Fence in 
use (right) prevents fish fighting upstream against current in diversionary tunnel, directional electric field urges them 
into fish traps where they are caught and transported past the diversion 

to turn-on the pulse, the second one 
to turn the pulse off. A basic cir-
cuit is Fig. 2A while Fig. 2B shows 
an elementary version of the actual 
circuit. In Fig. 2A tube V, is 
turned on by an input signal to its 
grid, so applying the pulse to the 
underwater electrodes. To turn the 
pulse off, tube V. is triggered and 
while the capacitor C is charging, 
tube V, effectively parallels V,. By 
using a turnoff tube with a lower 
arc-drop than the turnon tube the 
plate potential of V, is depressed 
below its conduction level by the 
low arc-drop of V„ hence is ex-
tinguished. 

In the actual circuit, Fig. 2B, 
commutating capacitor C is con-
nected to the generator bus rather 
than to the anode of the load tube 
V,. This gives a better pulse shape 
with sharper cutoff, and moreover 
allows a number of load sections 
each powered by its own ignitron, 
to be controlled by one commutat-
ing capacitor and turnoff tube. An 
auxiliary power source is needed 
in Fig. 2B to charge the commutat-
ing capacitor. 

Operation of the pulse generator 
of Fig. 2B is as follows. Capacitor 
C is charged by its auxiliary power 
source to approximately the same 
voltage as the generator output. 
Control tube V, fires (time t,) and 
the load current builds up with a 
time constant determined by arma-
ture inductance and circuit resist-
ances, Fig. 3A. The generator volt-
age drops momentarily then follows 
Fig. 3B for the duration of its cycle. 

To end the pulse, turnoff tube V, 
is fired and connects the commu-
tating capacitor directly across the 
generator output. Since the com-
mutating capacitor voltage cannot 
change instantaneously (there is a 
finite time-constant involved) the 
voltage at the positive bus is forced 
negative and in doing so, cuts off 
the control tube, V,. 
Load current when V, goes off, 

is diverted through V„ which dis-
charges through the armature. As 
it does so the voltage across the 
busses rises sinusoidally (time t,) 
to a high positive value owing to 
armature inductance. If the bus 
voltage remains initially negative 
sufficiently long for control tube V, 
to become deionized, this tube will 
remain off when the bus voltage 
returns to its normal level and will 
be readied for the next triggering 
input. 
The voltage across the generator 

busses may be approximated for 
the interval t, to ta by 

V(1) = E„ \IL X i(0) X sin 
— (E„ — E,) X ens 

.1Lc. 

Lc 
where E, is the generator voltage 
at t„ t = 0, E. is the capacitor volt-
age less the tube arc drop, i (0) is 
the load current at t, (t = 0), L is 
the armature inductance and C is 
the capacitance of the commutating 
capacitor. 
Armature resistance has been as-

sumed much smaller than armature 
inductance, and inductance is as-

sumed constant. Then 

a112, 1 = 0, V(01 = 

13, t = Ni LC, (1) = 2E, — E. 
At midpoint of t, and t,, 

= 71" NILC, 
9 

V(1) = E, N I-- X 2(0) L • 
The interval available for deioni-

zation is represented by the "delta" 
symbol in Fig 3. This interval is 
determined by the value of t for 
V (t) = O. The sine term is zero 
for t = 0 and t = i N/LC and max-
imum at 

Figure 4 shows part of the con-
trol system. A special feature of 
the control arrangement is the pro-
vision for connecting up the 5 pairs 
of load switching ignitrons to the 
electrodes so that pulses are applied 
sequentially to bunches of elec-
trodes, rather than to all of them 
simultaneously. The resulting effect 
is to give a moving pattern of elec-
tric charges in the same way that 
lights around a movie house provide 
a directional pattern of movements. 
The off or commutating circuit 

is shown in detail in Fig. 5A. Po-
sitions of the capacitor and igni-
tron are the reverse of those shown 
in Fig. 2B to put the charging 
thyratron cathodes at generator 
negative. The diode charging rec-
tifier of Fig. 2B is replaced by full-
wave connected thyratrons, which 
are fired by a delayed gate so that 
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FIG. 3—Upper vane/ow 
pulse applied to electric 
lower waveform shows generator 
terminal voltage 
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FIG. 4—Control equipment uses 
five pairs of load-control ignitrons 
to pulse sections of the electrode 
array in a sequence to steer the fish 
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FIG. 5—Single turnoff ignitron terminates the pulse period of whichever 
load ignitrons are conducting (A). One arrangement of connecting 
the five pairs of load thyratrons to 20 immersed electrodes to give pulse 
sweeping effect as the ignitrons are sequentially triggered (B) 

they do not fire while the commu-
tating ignitron is conducting. 
The five pairs of on or load igni-

trons can be interconnected by 
jumpers in any desired fashion and 
fired in any sequence or combina-
tion. Three of the eleven ignitor 
firing circuits are shown in detail; 
all eleven are identical. Capacitor 
firing is used because of the d-c 
source and the range of frequency 
used. The C3J thyratron has a 
phase-advance network in the grid 
circuit which causes it to fire very 
early in the first positive half-cycle 
of plate voltage, eliminating the 
transients caused by irregular fir-
ing of diode rectifiers. 
The polarity and sequential 

switching circuits use plug-in units, 
including cathode followers, invert-
ers, gates, multivibrators and pulse 
amplifiers. These may be inter-
connected in various ways to pro-
duce different firing sequences; for 
example, the simplest produces a 
simple sequence firing in which one 
pair of ignitrons is fired at a time 
as shown in Fig. 5B. 
Four years of operation of this 

type of equipment has produced 
highly encouraging results, as an 
overall diverting effectiveness of at 
least 90 percent is indicated. It is 
hoped that within a few years a 
simple, practical system of fish con-
trol and diversion, utilizing electri-
cal techniques, may be developed, 
which will make a significant con-
tribution to the management of the 
salmon fishery. 
The author wishes to acknowl-

edge the valuable cooperation given 
by the Idaho Power Company at 
Brownlee Dam and by the Puget 
Sound Power and Light Company 
at Lake Tapps. Charles C. Gillespie 
is responsible for the mechanical 
and much of the electrical design 
of the Lake Tapps equipment, in-
cluding the automatic overload pro-
tection and standby changeover. 

REFERENCES 
(1) H. William Newman, Effect of field 

polarity in guiding salmon fingerling by 
electricity, U. S. Fish and Wildlife Service, 
Special Scientific Report-Fisheries 319. 15 
I), 1959. 

(2) Howard L. Raymond, Effect of pulse 
frequency and duration in guiding salmon 
fingerlings by electricty, U. S. Fish and 
Wildlife Service, Research Report 43 19 p, 
U. S. Govt. Printing Office, Washington, 
D. C., 1956. 

(3) Herbert J. Reich, Theory and ap-
plication of electron tubes. 2nd ed. Mc-
Graw-Hill, N. Y., 1944. 

(4) Parker S. Trefethen, Exploratory 
experiments in guiding salmon fingerlings 
by a narrow d.c. electric field. U. S. Fish 
and Wildlife Service, Special Scientific 
Report-Fisheries No. 158. 42 p, 1953. 
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Kodak reports on: 
speed trials at the raster... f/1 lenses for 2/1 to 14u... a paper trick for instrument designers 

Honest physical labor 
It is possible to earn a living as a 
physicist without dealing in deep ques-
tions. With so many occasions arising 
today where a c-r tube image is to be 
transformed into a photographic im-
age, the ranking of film speeds for this 
purpose is useful work, and it makes 
the time pass pleasantly between break-
fast and supper. Here is what we found: 

RELATIVE SPEED 

to a 525-line raster, two interlaced fields lasting 
1/30 sac over-all, measured at a net density of unity 
(Transit time of the electron beam past a given point 
of the phosphor = 5 x 10'' sec) 

Normal Development, 4 minutes in KODAK Developer 
D-19 at 68 F. 

Phosphor PU P4 P15 P16 P24 

FILM 
Kodak Photoflure, 

Blue Sensitive 2400 180 60 200 83 

Kodak Cinetlure 
Kodak Photoflure, 

Green Sensitive 
Kodak Linagraph 
Ortho 

1800 500 250 130 240 

Kodak Royal Ortho 
(sheet) 1000 250 130 80 130 

Kodak Linagraph Pan 
Kodak Tri-X Negative 

900 320 120 82 120 

Kodak Linagraph 
Shellburst 500 180 60 48 73 

Eastman High Speed 
Positive 360 51 25 45 28 

Kodak Royal-X 
Pan Recording 320 150 65 23 47 

Eastman Fine Grain 
Sound Recording 123 17 5.2 41 4 

Eastman Television 
Recording *100 11 5.2 7.5 5.2 

Eastman Fine Grain 
Release Positive 35 4 2 6 2 

Kodalith Ortho, 
Type 3 32 S 8 5 8 

Kodak High 
Contrast Copy 20 12 6 4 S 

'Arbitrary basis of scale. 

Surprised? 
Just to show that there is a little 

more to this than you might think, we 
invite attention to what happens to the 
figures when the same developer acts 
for 15 minutes: 

Phosphor Pll P16 P24 

FILM 
Kodak Royal-X Pan Recording 6300 600 1200 

Kodak Photofure, Blue Sensitive 5400 500 220 

Kodak CinelFlure 
Kodak Linagraph Ortho 

4100 250 360 

Kodak Royal Ortho (sheet) 3900 220 400 

Kodak Tri-X Negative 
Kodak Linagraph Pan 

2600 200 370 

Kodak Linagraph Shellburst 2400 190 260 
Eastman High Speed Positive 630 82 25 

Eastman Television Recording 250 19 14 

You are not supposed to get excited and 
order a carload of film on the basis of these 
figures. First you are supposed to write for 
the pamphlet "P-37" to Eastman Kodak 
Company, Special Sensitized Products Di-
vision, Rochester 4, N. Y. There is more to 
picking a film than just speed. Don't ever 
forget that. 

A sharp eye for infrared 
KODAK IRTRAN-2 Lenses transmit use-
fully from 2u to 14,1. Two focal lengths, 
2-inch and 3-inch, are offered off the 
shelf. At f/I, we seem to have done 
well at providing high collecting-power 
for energy without undue sacrifice of 
sharpness. Sharpness was the goal. For 
both lenses, the minimum circle of 
confusion conmutes at less than .001" 
for any wavelength from 4.25µ to 10s. 
The italics mark where we hurt. 
Much care and a valuable ingenuity 

have been exercised in impressing our 
tenth-degree equation upon the con-
cave side of these meniscus lenses, in 

The concave side is trickier. 

grinding and polishing the spherical 
convex side, in placing the center of 
the spherical curvature on the axis of 
the asphere, in maintaining the center 
thicknesses at the 9.1 and 10.4mm 
values respectively that the calcula-
tions assume, in the optical homo-
geneity of the IRTRAN-2 material. More 
than this we cannot claim. To the ex-
tent that the care and ingenuity have 
succeeded in making the calculations 
represent the actuality, the circle of 
confusion is less than .001". The cus-
tomer's willingness to take a chance 
that we have hit it will, in good sense, 
depend on how badly his project needs 
a 2µ-14µ infrared image of high defini-
tion and high aperture. 
To demonstrate experimentally at 

those wavelengths that the circle of 
confusion is indeed that small is a task 
which we have simply been too busy 
to complete up to the time these words 
were written. 

In the lead sulfide region, the sharp-
ness does not compute to be as good 
as farther out in the infrared. Yet we 
have customers who use the lenses 
there and are happy with confusion-

circle minima as large as .00r. 
In comparison with reflective optics 

hitherto used, IRTRAN-2 aspheres offer 
compactness and a wider field that 
doesn't even show any appreciable de-
terioration as far as 2° off axis. You 
do give up the perfect achromatism of 
reflective optics. In the 2-inch lens the 
minimum circle of confusion for 1014 
radiation is located 2mm beyond the 
minimum circle of confusion for 4.25µ 
radiation: in the 3-inch lens the sepa-
ration is 3mm. 
We have said enough to establish our 

frankness and to indicate whether there is 
any need for you to burden the long lines 
to Rochester, N. Y., Area Code 716, LOcust 
2-6000, Extension 5166, which is one way 
to reach Eastman Kodak Company, Special 
Products Division. Bear in mind that 
1RTRAN-2 material has a hardness of 354 
Knoop, is not at all brittle, withstands ther-
mal shock and the solvent action of water, 
and can get very hot without losing trans-
parency or giving off toxic fumes. 

Overlap in black 
What would you say to a photographic 
paper that comes out red or blue, de-
pending on the color of the exposing 
light 

red 

• 
blue 

and black where they overlap? 

If you would like to buy some for experi-
mentation, we might be able to oblige. Write 
Eastman Kodak Company, Photorecording 
Methods Division, Rochester 4, N. Y. 

This is another advertisement where Eastman Kodak Company probes at random for mutual interests 

and occasionally a little revenue from those whose work has something to do with science 
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ELECTRONICS REFERENCE SHEET 

Measurement Units 
Used With Lasers 

Use this nomograph to determine relationships between units that express the 

characteristics of lasers and other optical and infrared devices. Among these 

units are angstroms, electron volts, teracycles per second, and wave numbers 

By BRUNO F. LUDOVICI, Scientist, Hoffman Electronics Corp. Science Center, Hoffman Drive, Santa Barbara, Cal. 

RAPID DEVELOPMENT of lasers has 
created a literature that must be 
read by engineers and physicists 
who want to keep up with the ex-
ploding laser technology. Read-
ers who are rusty in their quan-
tum physics and optics can find 
the going difficult. Unfamiliarity 
with the physical-unit systems 
that are used in laser literature 
is one of the impediments to 
quick understanding. The nomo-
graph in this article makes such 
reading easier by showing the 
relationships between physical 
units and making it easy to esti-
mate the approximate bandwidth 
of a laser spectral line. 
The lightly-drawn lines con-

nected to the line running di-
agonally through the chart indi-
cate the most important laser 
materials and host crystals. The 
five lines of the Ne-He gas laser 
denote five output lines of this 
laser. 
The ordinates show radiation 

wavelength in microns it, ang-
stroms (A) and meters. The 
abscissae show frequency (in cps 
and teracycles per second) and 
the corresponding wave number 
(in cm') and the corresponding 
energy (in Joules and electron 

volts (ev)) of the radiation. 
(Many engineers prefer to work 
with Joules and meters.) 

Physicists often use cm', 
which is the number of wave-
lengths in a cm. 

Energy-level diagrams, which 
appear frequently in the litera-
ture, often indicate energy in 
electron volts. Note that ht, the 
product of Planck's constant (h) 
and the radiation frequency, 
equals energy, which may be ex-
pressed in terms of Joules or 
electron volts. 
The vertical and horizontal in-

set scales indicate the bandwidth, 
in cps and angstroms, respec-
tively, of a laser spectral line. 
For example, the intersection of 
the horizontal broken line with 
the vertical inset shows that a 
ruby laser, whose output line is 
centered at about 6,943 A, has a 
df/d X of about 6.2 x 10'° cps/A. 
This means that a change of the 
ruby-laser's output wavelength 
of an angstrom is equivalent to a 
frequency shift of 6.2 x 10'° cps. 
A recent paper' gave the wave-
length change resulting from 
temperature change of a ruby 
laser as 0.065 A/deg C. Since 
0.065 x 6.2 x 10" = 4.02 x 10°, 

the thermal frequency shift of 
the ruby laser is 4.02 x 10" cps/ 
deg. C, or about 4 Gc/deg C. 
The vertical broken line indi-

cates that the energy of ruby 
radiation is about 1.8 electron 
volts, or 2.9 x 10'° joules. This 
energy corresponds to 14,400 
cm -i. 

Maiman's original paper gave 
an energy-level diagram for ruby 
that showed two radiation wave-
lengths emanating from two 
closely spaced energy levels." 
The ordinate of this diagram was 
in cm'; the separation of these 
energy levels was described as 
being 29 cm'. The nomograph 
shows that at 14,400 cm', 1 cm' 
corresponds to a wavelength 
shift of 0.48 A; hence, 28 cm' 
corresponds to approximately 14 
angstroms. 

REFERENCES 
(1) L D. Abella and H. Z. Cummins, 

Thermal Tuning of Ruby Optical Ma-
ser, J. Appl Phys. 32, pl, 177, June, 
1961. 

(2) T. H. Maiman, Stimulated Opti-
cal Radiation in Ruby, Nature, 187, 
p 493, Aug. 6, 1960. 

(3) S. Vogel and L. H. Dulberger, 
Lasers: Devices and Systems—Part I, 
ELECTRONICS, p 41, Oct. 27, 1961. 

(Continued on p 56) 
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FOR 
LILLIPUTIAN 
CIRCUITRY 

REQUIREMENTS 

.24 

tee" 

DENSITY OF 420 CONTACTS PER SQUARE INCH! 

LIGHT WEIGHT LOW MASS 
'SHOCK AND VIBRATION 
RESISTANT 

CANNON 
MICRO-D' 

HIGH CONTACT DENSITY—Contact spacing 
of 0.050 inches permits a density of up to 420 
contacts per square inch. 

UNIQUE CONTACT DESIGN ASSURES RELIA-
BILITY—Each Micropin is a miniature cable with 7 self-
wiping spring surfaces, assuring consistant continuity. 

SELF-ALIGNING MICROPINS*—Individually shrouded 
by the insulator to provide pin protection. 

1 U S. Patent 2790153 

CANNON ELECTRIC COMPANY, 3208 

PLUGS 

BROAD ENVIRONMENTAL CAPABIL-
ITY—Meets or exceeds applicable require-
ments of MIL-C-8384B. 

VERSATILE MOUNTING—Panel, surface 
board, edge-board, component board module. 
Special mounting brackets offer other varied 
mounting methods. 

SPECIAL APPLICATIONS—Cannon Electric will assist 
you on special applications utilizing high-density Micropins 
and Microsockets' such as: Micromodules • Welded Elec-
tronic Packages • Plug-in Com-
ponents such as Transistors, 
Relays, Diodes, Capacitors, 
Resistors, and Crystal Cans • 
Hermetically Sealed Headers. 

Humboldt St., Los Angeles 31, California 

CANNON 
PLUGS 
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Really 
"half size" 
... any way 

you look at it. 

NEW LEACH HALF-SIZE CRYSTAL CAN RELAY 

NOW IN 

PRODUCTION QUANTITIES 

It's only .400 inches high, .400 wide and .800 in 

length. This smallest of the Leach relay family is 

also the lightest— only .25 ounces. Most import-

ant is its performance. It gives full-size results in 

low level to 2 amp. switching and is completely in-

terchangeable (including internal terminal connec-

tions) with standard crystal 

can relays. A wide variety 

of mountings and terminals are available. CI Which 

reminds us, Leach has a complete line of standard 

size subminiature crystal can relays, too. Yes, when 

it comes to relays, any way you look at it, you should 

LOOK TO LEACH CORPORATION 
18435 SUSANA ROAD, COMPTON, CALIFORNIA 



Space 
orbits around 
FLORIDA 

after 
you decide to put a 
plant in Florida, 

locate where 
the action 

is! 

The control of space is in Florida ... because the people who will control it live here. Why not? It's nicer living here. And 

St. Petersburg land prices are within reason. Come and get it ... locate where the action is—St. Petersburg. Write, wire or phone 

in confidence GREATER ST. PETERSBURG CHAMBER OF COMMERCE, Jack Bryan, Dept. E, St. Petersburg, Florida 

St. Petersburg is the Florida Home of: ALLSTATE INSURANCE • AMP • BABCOCK & WILCOX • CONTINENTAL OPTICAL • ECI • GENERAL CABLE • GE • GENERAL NUCLEAR ENGINEERING • INTERNATIONAL RESISTANCE • MILTON ROY • HONEYWELL • SPERRY 
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With RADATAC 

Itading ion's portable, low cost data acquisition system 

ECONOMY 
ON WHEELS 

Selecting data from low-level analog pick-offs and putting them into 
the right format for entry into a digital computer is frequently the 
most costly step in a performance evaluation program. RADATAC 
(Radiation's Data Acquisition Cart) permits you to take this step 
directly and rapidly—eliminating much expensive data processing 
equipment and appreciably reducing computer time. 
RADATAC combines Radiation's Radicon analog/digital converter, 

Radiplex low-level electronic commutator, and an Ampex tape re-
corder (with the necessary logic circuitry and power supplies) into 
a single mobile unit. The system handles up to 47 low-level analog in-
puts from resistive or thermocouple sources (as low as ± 5 mv full 
scale) with a resolution of =1.- 10 eiv. After digital conversion, the in-
formation is recorded in computer format on magnetic tape. Data 
formats are available which are directly compatible with most large 
and medium scale digital computers. 

For more complete data on RADATAC, write to Dept. El.- I2R. 
Radiation Incorporated, Melbourne, Florida. 

THE ELECTRONICS INDUSTRY ALSO RELIES ON RADIATION FOR... 

RADIPLEX 5411 - Solid stole 48-channel multiplexer 
offers -1-.087% linearity, less than 0.05% crosstalk for 

all channels within full scale. Common mode rejection, 

dc to 60 cps, minimum: 106/1, balanced input ; 5 x 105/1, 

300-ohm unbalanced. Differential, floating input: 

RADICON 5510 - Highly stable A/D converter pro-

vides -I-4-volt input, full scale ; 14-bit BCD output ; 120-

454 kc bit rote from int. crystal-controlled clock gener-

ator or ext. sync signal. Performance characteristics : 

-±0.05% linearity, -± Y2 least significant bit ; temp. coef. 

.003% of -± full scale per degree F; and stability (total 

,utput error) 0.05% of ±- lull scale over 96 hours. 

RADIATION 
Melbourne 

Aoril 20, 1962 

A Division of Radiation Incorporated 
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RESEARCH AND DEVELOPMENT 

Marine Tv-Radar Identifies Boa,_ of User 

FIG. 1—Converted PPI is con-
stantly visible on tv receiver while 
intermittent line identifies blip of 
user vessel 

ALL-WEATHER marine navigation 
aid could be provided in harbors 
and along shore lines at low cost. 
Basic equipment needed by volun-
tary participants is a standard tv 
receiver. The blip representing the 
user vessel would be distinguished 
from other traffic in a radar image 
transmitted from a shore-based tv 
transmitter. 
The radar-tv position indicator 

was described in a paper by A. Rob-
erts, General Precision, Inc., at the 
1962 IRE Show. The scan-converted 
PPI image would be available si-
multaneously to all vessels in the 
area. Position of a user vessel 
would be established without two-
way communications with the 
shore-based station. 

PPI 

RADAR 

SYNC AND SWEEP 

SCAN 
CON-

VERTER 

Tv receivers have a significant 
advantage in original and mainte-
nance costs over radar and are con-
siderably easier to operate. The dis-
play could be observed in daylight 
and could be of a quality available 
only in expensive high-resolution 
radars. 
The PPI display in Fig. 1 is 

transmitted by an omnidirectional 
antenna and is continuously visible 
on the tv receiver. Another signal 
from a highly directional antenna 
is continually swept in azimuth. 
When it is directed toward a par-
ticular vessel, a line-of-sight cursor 
is superposed on the display. The 
line originates at the shore station 
and intersects the blip representing 
the vessel. When not directed to-
ward the vessel, the cursor disap-
pears from the display. 
As the PPI radar in Fig. 2 scans 

the harbor, the radial scan is con-
verted to a standard horizontal-
scanning television sweep. Stand-
ard tv synchronizing pulses control 
the scan converter and are mixed 
with the video signals. The com-
posite signal is fed to an r-f modu-
lator and transmitted by the omni-
directional antenna. 
A white line painted on a black 

disk is rotated in front of a tv cam-
era to generate the position line. 
The rotating display is slaved to a 

CAMERA 
AND 
AMPL 

ROTATING DISPLAY 

_ - 

TV 
TRANS-
MITTER 

R-F 
GATE 

PHASE 
REVERSED 
R-F 

AMPL 

ROTATING 
DIRECTIONAL 

AMPL 

><1 

OMNIDIRECTIONAL 

FIG. 2—When tv camera, scans white line in rotating display, directional 
pattern is produced which is combined with omnidirectional pattern to 
produce combined output at lower right 

OMNIDIRECTIONAL 

DIRECTIONAL 

COMBINED 

rotating directional antenna, and 
the same synchronizing circuits 
control the camera that control the 
scan converter. During each hori-
zontal sweep of the tv camera, a 
video pulse is generated as the ro-
tating white line passes. The pulses 
control a gate to which the r-f sig-
nal being fed to the omnidirectional 
antenna is fed. The resulting gated 
r-f is reversed in phase and fed to 
the directional antenna. 

Antenna Configuration 

In the antenna in Fig. 2, the 
omnidirectional section comprises 
two crossed dipoles forming a turn-
stile antenna. By exciting the di-
poles in phase quadrature, a sub-
stantially circular radiation pattern 
is generated. A series of dipoles on 
each side of the turnstile are ex-
cited with equal currents in phase 
to form two narrow beams. Pat-
terns are shown at the right of Fig. 
2. Current fed to the directional 
section multiplied by the number of 
dipoles is equal to current fed to the 
omnidirectional section. 
When the rotating white line is 

scanned, radiation from the direc-
tional antenna is near zero. Thus a 
white spot is produced on each hori-
zontal sweep of receivers in the di-
rection of the antenna. If the an-
tenna rotates at 3 rpm, the two 
radiation nulls would cause the po-
sition line to cross the field of view 
6 times per minute and appear on 
the screen every 10 seconds. For a 
5-degree beamwidth, the line would 
last about second. 

The effect of distortion in tv re-
ceivers could be offset by placing a 
rectangular grid overlay over the 
display at the shore station. A non-
linear receiver sweep would distort 
the grid, enabling the operator to 
better judge his position relative to 
surroundings by noting the distor-
tion around the blip representing 
his vessel. In larger vessels, tele-
vision receivers with precision 
sweep circuits would probably be 
used to assure more accurate posi-
tional information. 
Among a number of possibilities 
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off to workd we go! 
The ABC Kepco's represent a diversified 

group of dc-regulated power supplies capable 

of delivering constant voltages and currents 

with rather exceptional characteristics. These 

neat, little industrious workers are designed 

to work constantly and consistently and main-

tain their accuracy. 

0.05% REGULATION and STABILITY 

MODEL 
DC OUTPUT 
RANGE 

VOLTS AMPS 

OUTPUT 
IMPEDANCE 
OHMS 

(0-1KC I 

MAX. 

GI(C- 
loon) 

INPUT 
AMPS 

MA" 

OMENS 

D W  

ONS 

H 

PRICE . 

ABC 2-1M® 0-2 0-1.0 0.01 0.2 0.3 41/4 n 5% $179.00 
ABC 7.5-2M 0-7.5 0-2.0 0.002 .02 0.5 41/4 85;2 9% 159.00 . 

-----) 

) 

ABC 15-1M 0-15 0-1 .008 .08 0.5 41/4  n 9% 159.00 
ABC 30-0.3M 0-30 0-0.3 .05 .5 0.3 41/4 n 5% 119.00 
ABC 40-0.5M 0-40 0-0.5 .05 .4 0.5 41/4 83S2 9% 159.00 
ABC 200Moo 0-200 0-0.1 .5 2 0.5 41/4  n 95/8 199.00 

, ABC 1500Mo 0-1500 0-0.005 70 70 0.5 4)/4 8'3'2 9% 274.00 

Unmetered units available at lower prices. 

C) TUNNEL DIODE SUPPLY: Provided with millivolt resolution control. 
0 Hybrid Design: Transistorized with series pass vacuum tube. 

6.5 volts at 2 amps available at rear terminals. 

® At 125 volts input. 

...When you have a need for an exceptional 

type power supply, why not call on an ABC 

Kepco, who is eager to do the job for you! 

for complete specifications 

on more than 200 standard models 

... send for new catalog B-621 

_ _ _ __ _ 

131-48 SANFORD-1117E1W -:FLUSHING 52, N. Y. 
Area Code 212 IN 1-7000 • MX # NY 4-5196 
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Labac, 
a solid-state, variable, 
a-c power regulator . . 
ii;e.ac-acnvbil augseec;rtoornsma îgnfopyroppoowrteiorn 

line into a resistive load 
either by manually 
turning a 
knob ... 

... or in response 
to a low level control 
current from an 
external source. 

0-1 ma. 
CONTROL 

A 1-ma. CONTROL CURRENT into 
Labac's 200-ohm input impedance 
effectively controls its full rated power 
— up to 40a. in some models. Thus, 
power gain up to 40 million is 
achieved. (Input can be matched to 
commonly used control currents, e.g. 
1-5 ma.) 
NO VACUUM TUBES—NO MOVING PARTS 
LABAC uses two silicon controlled 
rectifiers pulsed by a magnetic am-
plifier for instantaneous (one cycle) 
power regulation by either manual or 
remote control. 
REPLACES bulky saturable core re-
actors or thyratrons. 
REPLACES mechanical contractors in 
ON-OFF applications. 

REPLACES motor-driven variable trans-
formers in applications involving resis-
tive loads. 
APPLICATIONS: May be connected to 
set-point meters, recorder-controllers, 
or thermistor devices for closed loop 
temperature control to heaters, labora-
tory ovens, kilns, etc. . . . for theatre 
light dimming, operation of sales dem-
onstrators and experimental apparatus. 

,i 1 
-.-"T 

r 1 I 
'1"----Ir ' -,-

. , .,.. • 
LIGHT DIMMING DIMMING • LABORATORY OVENS. DEMONSTRATORS 

x RESEARCH 
/ A/CO R RORATED 

P.O. BOX 6164L, MINNEAPOLIS 24, MINN. 

for refinement of such a system is 
reduction of bandwidth if channel 
space is limited. With the basic 
system, it would be possible to 
monitor and record harbor condi-
tions at the shore station. The PPI 

display could also be superimposed 
over a high-contrast chart of the 
particular area. Supplementary in-
formation such as weather data 
could also be added to the picture or 
transmitted over voice channel. 

Test Speeds Computer Development 

THE FRONT COVER. Discrete bits on thin-film stepping strip were 
made visible for microphotograph by Kerr optical effect 

DEVELOPMENT TIME for a micromin-
iature airborne computer is being 
reduced by the Kerr optical effect. 
This phenomenon is being used to 
make magnetic fields on a thin mag-
netic film shift register visible un-
der a microscope. The computer is 
being developed by the Guidance 
and Control Systems division of 
Litton Systems. 

Light from an arc source used to 
illuminate the memory surface of 
the shift register is first collimated 
and polarized. The polarized light 
interacting with the magnetic field 
produces a light-interference pat-
tern that corresponds with the mag-
netic domain orientation. Bits ap-
pear as light and dark areas repre-
senting ones and zeroes. This vis-
ual representation provides a sim-
ple method for checking shift reg-
ister performance. Magnetic fields 
crossing the 3-inch long shift reg-
ister make 96 steps, all of which can 
be checked optically. 
The laboratory arrangement 

eliminates much equipment that 
could only provide displays of input 
and output without actually moni-
toring performance individually of 
each of the 96 steps across the shift 
register. The technique is now only 
used in development of the com-
puter but is also expected to prove 
useful for computer testing. 

The computer is being developed 
under the Army-Navy Instrumen-
tation Program for which Douglas 
Aircraft is prime contractor. Spon-
soring agency is the Office of Naval 
Research. The microminiature com-
puter is intended to perform at 
high speed in adverse military en-
vironments. Some of the design ob-
jectives are high reliability, high 
operating frequency, wide band-
width and stability. 

Tanker Pilots Get Help 

From Closed Circuit Tv 
LONDON—Piloting of large tankers 
with the aid of closed circuit tele-
vision is under investigation by 
Marconi International Marine Com-
munications Company Ltd. 

In conventionally designed tank-
ers, as well as in other long bulk 
carrier vessels, bridges are located 
aft. Pilots often find that objects in 
the path of the ship are obscured 
by the bow. 
To overcome the problem, tele-

vision cameras were installed in the 
bows of some ships. Monitoring 
screens are located on the bridge. 

Initial results have been suffi-
ciently promising, according to a 
Marconi spokesman, to encourage 
further study. 
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ONI VOLTAGE SELECTOR S RIES 

I TYPICAL RATINGS 
Watts Volts 

Chassis Maximum Number of Per Per Panel 
Size Wattage QM Units* Unit Unit Dimensions (In.) 

W H D•* 
A 8 1-4 2 3 to 48 19 31/2  75/8 
8 16 5-8 2 3 to 48 19 31/2  1478 
C 30 2 2 3 to 48 19 51/4 718 

2 4 3 to 48 19 51/4 718 
2 8 3 to 48 19 51/4 7,8 
2 15 3 to 48 19 51/4 718 
1 30 3 to 48 19 51/4 71à 

D 35 4 2 3 to 48 19 51/4 11 38 
4 4 3 to 48 19 51/4 11 38 
4 8 3 to 48 19 51/4 11 38 
2 15 3 to 48 19 51/4 11 38 
1 30 3 to 48 19 51/4 11 38 

E 40 6 2 3 to 48 19 51/4 147,8 
6 4 3 to 48 19 51/4 147'8 
5 8 3 to 48 19 51/4 141/2  
2 15 3 to 48 19 51/4 147/8 
1 30 3 to 48 19 51/4 141/2  

• Any combination of watts per unit (up to maximum wattage) available on 
C, D, & E chassis at no extra charge. 

*"Depth behind panel. 

OPTIONAL FEATURES AVAILABLE: 
Ml. Pilot light, switch, fuse. 

M2. Pilot light, switch, fuse, voltmeter. 
Ma. Pilot light, switch, fuse, voltmeter, front panel pot adjust. 

Here's real power supply flexibility. 
Design to your own requirements. 
Select up to eight different voltage 
outputs, or up to six different watt-
age-voltage combinations, in a single 
installation. 
Sorensen's new QM Voltage Selec-

tor Series, with rack-mount features, 
offers scores of power combinations, 
each with the precise regulation and 
ripple characteristics of standard 
QM supplies. As many as eight dif-
ferent (or identical) QM supplies 
can be mounted on a single chassis 
(see table), with eight voltage out-
puts preset. The use of standard 
QM models assures prompt delivery 
at low prices. 

Standard QM Voltage Selectors 
are shipped without panel controls 
(each unit is individually adjustable 
on chassis through pot adjust hole). 
See table for optional features. 

A UNIT OF RAYTHEON COMPANY 

RICHARDS AVENUE • SOUTH NORWALK • CONNECTICUT 
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COMPONENTS AND MATERIALS 

Recent Advances in Trimmer Pots 

Single turn potentiometers, here seen mounted on printed circuit board, 
embody features for critical applications requiring total hermetic sealing, 
high power dissipation, and automatic assembly. In addition to wire-wound 
resistance element, units are available in evaporated metal film and 
carbon-film types 

By G. V. GERBER, 
Director of Component Development 
Engineering, Potentiometer Division. 
Daystrom, Inc., Archbald, Pa. 

THE SOLID STATE era has established 
the trend toward smaller compon-
ents, and the need for higher reli-
ability and minimum service time 
has given birth to a number of 
different component packaging tech-
niques. Precision adjustable trim-
ming potentiometers have kept pace 
with this trend, and potentiometers 
packing more performance into 
smaller and smaller packages. 

In addition to size, the use of 
encapsulated assemblies, welded 
packages, and automatic assembly 
of components onto printed circuit 
boards adds other critical param-
eters that must be satisfied by the 
new generation of trimmer poten-
tiometers now coming off designers' 
drawing boards. 
A transistor-size trimmer, called 

Transitrim is a single-turn precision 
adjustable potentiometer packaged 
a TO5 case. 

This single-turn unit embodies a 

number of features designed to fit 
critical applications requiring total 
hermetic sealing, high power dis-
sipation, and automatic assembly 
onto printed circuit boards. 

Three Models 

In designing the trimmer parts, 
component development engineers 
recognized that certain applications 
also require the resolution and ex-
tended resistance ranges not avail-
able in wire-wound potentiometers. 
Accordingly, three potentiometer 
types accommodate several different 
type resistance elements within the 
same transistor-size housing: 
A wire-wound unit—with resist-

ance values from 10 ohms to 30 
kilohms; an evaporated metal film 
unit—with resistance values from 
100 ohms to 50 kilohms; and a car-
bon film model—with resistance 
values from 200 ohms to 100 kil-
ohms. 
Volume of the new design, is only 

0.0256 cubic inches. The JEDEC 
TO5 configuration was chosen for 
the package because of its broad 

acceptance in the transistor field. 
Many potentiometer users have in-
spection equipment designed to ac-
commodate the TO5 size, while cer-
tain users automatically assemble 
transistors to printed circuit 
boards. One major computer manu-
facturer employed an unusual as-
sembly operation whereby all com-
ponents, with the sole exception of 
trimmer potentiometers, could be 
assembled onto printed circuit 
boards automatically. The trimmer 
potentiometers were the only manu-
ally assembled component. 
The TO5 configuration was a 

logical choice for potentiometers 
specifically designed to solve this 
problem. Consideration was also 
given to packaging a number of 
potentiometers in "cartridges" in 
magazines to facilitate their feed 
into the automatic printed circuit 
assembly machines. 

Although a number of applica-
tions still exist that do not require 
sealing, and still more that require 
only resistance to humidity, certain 
applications require sealed poten-
tiometers. 

Encapsulation Process 

In vacuum encapsulation, an 
epoxy sealant is drawn into a mold 
by completely evacuating the mold 
prior to injection of the potting 
compound. The advantage of this 
type of encapsulation is that the en-
capsulant fills all cracks and small 
asperities, leaving no air bubbles 
or voids. If the potentiometer is 
not hermetically sealed, the encap-
sulant will be sucked into the poten-
tiometer, rendering it useless as a 
variable resistor. 

Other applications demanding 
complete hermeticity are those in 
which the potentiometer is required 
to go through final cleaning opera-
tions following soldering. In this 
case, there is always the possibility 
of solvent seeping into the poten-
tiometer. This is a particularly dif-
ficult problem to overcome, espe-
cially when materials with 
extremely high solvency, such as 
trichlorethylene, are used. Finding 
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Which comes first... The Visicorder Oscillograph directly records 
electrical charges in the atmosphere. D What effect do 

the lightning electrical charges on the atmosphere have on cloud formation? What 
causes cloud droplets to grow into raindrops? Why does one cloud 

or the rain? produce rain while another does not? D These questions are being 
answered in part by a Model 1108 Honeywell Visicorder Oscillograph, shock mounted in a C45 

Beechcraft, flown at 15,000 

feet over cloud formations 

above an electrically-

charged airspace in Central 

Illinois. D The Illinois 
State Water Survey has 

scattered a network of 50 

rain gages across about 

400 square miles down-

wind from 30 miles of small 

stainless steel wire stretched 

in a grid-like pattern 30 ft. 

above the ground. Seven 

power supplies energize 

the wire to about 20,000 

volts with each supply 

having an output of 1 to 

3 milliamperes. [1] Time-

lapse sky cameras, radar, 

and other observatory 
equipment make records 

of electrical fields, wind 

speed and direction. A low-flying Piper traces the plume of 

electrical charge as it rises from the ground; the Visicorder 

at 15,000 feet measures the movement of the charge in the 

higher air, how and where it scatters or dissipates, and what 
effect it has on the growth of cloud droplets. El Maybe your 
research project is not as glamorous as these weather studies, 

but if it is at all complex, or requires high speeds or sensitivi-

ties, or if you need to record many parameters simultane-

ously—or directly—the amazingly versatile Visicorder can 

do your job. El The schematic diagram of these cloud studies 

will give you an idea of the many capacities of the Visicorder. 
For more details about the Model 1108 (24 channels) and other 

Honeywell Visicorders, write Minneapolis-Honeywell, Heiland 

Division, 4800 E. Dry Creek Road, Denver 10, Colorado. Our 
DDD phone number is 303-794-4311. 

#1 (y) vertical gradient 

#2 (x) horizontal gradient 

#3 (z) longitudinal gradient 

#4 Vertical scale (x7) 

#5 Horizontal scale (x7) 

#6 Longitudinal scale (x7) 

#7 Net space charge 

#8 Net space charge scale 

#9 Air flow of space charge filter 

#10 Aircraft heading 

#11 Aircraft pitch 

#12 Aircraft roll 

#13 Temperature 

#14 Humidity 

#15 Altitude 

#16 Airspeed 

#17 Events 

#18 

VERTICAL PROBES 

HORIZONTAL PROBES 

LONGITUDINAL PROBES 

CURRENT 

AIRFLOW 

NET 
SPACE 
CHARGE 
FILTER 

FLUXGATE COMPASS 

M-H VERTICAL GYRO 

AMQ-7 

PRESSURE TRANSDUCER 

PITOT 

RADAR CAMERA PULSE 

ALL-SKY CAMERA PULSE 

10 

Honeywell 
PH 1-7mt Ceeet 
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%k 1C0 FOR 
mciSION 
D\SPLAYS 

Deem 
for critical applications 

where ordinary YOKES fail 

REPEATABILITY to 0.1%! 

SPOT GROWTH 1:1.3 max! 

RECOVERY to 0.1%! 
Just off the press "Linearity Notes" 
by John M. Constantine — Request 
your copy today. 

Celt() 
efutateutei•te ae«.94teeirútlf 

Zadatatetied ea. 
Main Plant: MAHWAH, N. J. 0Avis 7-1123 

PACIFIC DIV.—UPLAND, CALIF. YUkon 2-0215 
CENTRAL DIV.—LANESBORO, PA. ULYsses 3-3500 

a sealant material that will with-
stand exposure to all solvents used 
today is an acute problem. 
Trimmers are used in dry circuits 

where power rating is of little con-
sequence. Where power is an im-
portant consideration, however, 
use of a metal and glass envelope 
to enclose the pot provides a highly 
conductive heat path and lends it-
self to excellent power dissipation. 

Standard trimmer pots are cap-
able of 1 to n watts dissipation. 
Radiators are also available to pro-
vide a 25 percent increase in heat 
dissipation, wherever the applica-
tion may require. 

Special Seal Header 

An especially designed compres-
sion seal header carries an integral 
pivot in the center of the header 
which supports the wiper. One lead 
is connected to this pivot by weld-
ing. The weld joint is completely 
encased in the glass. The two ele-
ment leads are bent in the glass and 
travel through the glass, emerging 
from the inner face of the header 
to provide the lead attachment ad-
jacent to the element terminations, 
thereby minimizing end resistance. 

Thus, element terminations from 
the wire-wound units can be made 
directly to the leads either by weld-
ing or soldering. The hop-offs from 
the film type potentiometer elements 
are designed to terminate in holes 
that accept the leads. By cementing 
the leads to the hop-offs with con-
ductive epoxy, the circuit is com-
pleted with a minimum of end re-
sistance. All three leads protrude 
from the external face of the header 
to provide the standard 0.2 inch 
lead circle pin configuration. 
The header and the element form 

one sub-assembly. The other sub-
assembly is composed of the actuat-
ing screw, wiper, pressure plate, 
"0" ring, and wiper support as-
sembled in the shell. An interfer-
ence fit exists between the high-
temperature plastic wiper support 
and the shell, so that once as-
sembled, this sub-assembly can be 
transported in bulk. The two sub-
assemblies meet at the final assemb-
ly operation, and the shell is welded 
to the header. The welding can be 
accomplished in an inert atmos-
phere, and the total hermeticity 
of the enclosure method will main-

tain the inert atmosphere through-
out the life of the device. 

Stable performance of the po-
tentiometer under conditions of 
shock, vibration, and acceleration 
has been verified by environmental 
testing. This performance is main-
tained by keeping down the bulk of 
moving parts. 
The lead screw to wiper sub-as-

sembly has a locating flange on the 
wiper support providing a constant 
drag against the shell and main-
taining setability throughout shock 
and vibration. 
A variety of lead screw configura-

tions can be supplied. While the 
standard model employs a conven-
tional screw driver slot, an allen 
head or other head configurations 
can be accommodated just as easily 
in the design. In addition, a thumb-
screw can be fitted to the lead 
screw following assembly, making 
the Transitrim potentiometer a 
thumb-screw-operated device. 

For applications requiring loca-
tion of the potentiometer inside a 
systems module, a wrench has been 
designed that will reach into the 
module, enabling adjustments to be 
made from the outside with a turns 
ratio of 45 to 1. 
Good resolution is maintained by 

use of a technique for winding re-
sistive wire elements. The net re-
sult of this special technique is to 
secure the resistance wire snug in 
its groove even under severe shock 
and vibration. A high level of reso-
lution is thus maintained by the 
"locked in" even spacing of wires. 

Potentiometer noise has also been 
controlled. Because of the type of 
enclosure used and the high level 
of hermeticity, no protective lubri-
cant is required for the control of 
wiper noise. A special alloy resist-
ance wire provides the potentiom-
eter with noise-free performance 
in all resistance values. This fea-
ture is particularly important in 
those applications requiring occa-
sional field adjustment of the po-
tentiometer. 

Total mass of all potentiometer 
parts is 1.5 grams. Variations of 
basic designs are available to ac-
commodate all applications. For ex-
ample, a panel mount bushing can 
be welded to the top of the can prior 
to final assembly, making the trim-
mer a panel-mount version. 
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Send 
for 

Your 
Copy 

Full of Facts 
and 

Free! 

A VIRGINIA WELCOME 
to Electronic Industries 

52 electronic companies have located in Virginia during the past 10 years. 
This new 30-page report gives facts about the experience of many of these 
companies, and presents maps, charts, statistical tables and short text on 
topics such as the following: 

A directory of the electronic companies 
in Virginia. 

The population and geographic charac-
teristics of Virginia that provide such a wide 
range of site choices for electronic companies. 

The federal military, space and other techni-
cal operations in the Washington, D. C. area, 
the Hampton Roads region and other areas 
that are in the forefront of the government's 
electronic programs. 

The delivery time by truck from Virginia 
localities to major electronic markets, the air 
facilities available at Virginia communities, 
other transportation data. 

Estimates of the number of persons available 
for new jobs annually and wage rates prevailing 
in the electronic industries. 

Virginia's program of trade and technical 
courses in electronics. 

Engineering graduates of Virginia colleges 
and universities, present college courses avail-
able for company personnel, faculty and equip-
ment at these institutions for company research. 

Record of labor-management harmony — 
salient features of Virginia's favorable govern-
ment climate. 

Recreational facilities in the State. 

Whether or not you are immediately planning a new plant, you should have 
this book in your files. For your copy, write on company letterhead. 

C. M. Nicholson, Jr., Commissioner 
Division of Industrial Development and Planning 

VIRGINIA DEPT. OF CONSERVATION 
AND ECONOMIC DEVELOPMENT 

Room 803-EL, State Office Bldg., Richmond 19, Va. 
Phone: Milton 4-4111, Ext. 2255 
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BRING NEW SILICON PLANAR STABILITY TO YOUR COMPUTER 

DESIGNS WITH THE RCA 2N708 TRANSISTOR FAMLY 

All RCA 2N708, 2N706 and 2N706A silicon 

assure a new degree of stability and reliability 

Here's proof of the outstanding stability you get from RCA's 

2N708 family. Check these curves which summarize the 

results of RCA production lot acceptance tests—a dramatic 

presentation of the actual production lot stability of the 

RCA 2N708. 

In addition, here are some of the other outstanding advan-

tages these high-speed silicon planar computer transistors 

will bring to your designs: 

• Reduced collector cutoff current...by as much as 20 

to 1 over mesa types. 

• Uniform Beta over a wide current range. 

• Storage temperatures up to 300°C. 

RCA 2N708: Proved high-reliability for very-high-speed satu-
rated switching and high frequency amplifier applications 

transistors—now in planar construction to 

for your high-speed switching applications 

in military and industrial equipment—designed to offer the 

full advantages of planar construction in low 'cm) and in 

beta stability. 

RCA 2N706: Very high speed silicon planar switching transistor 
designed to meet MIL Specifications, field proved in a wide 
range of switching applications and backed by a long history 
of life data. 

RCA 2N706A: Improved version of 2N706 for more stringent 
high speed applications requiring lower collector capacitance 
and storage time. 

Call your RCA Representative today for complete reliability 
information on RCA 2N708 silicon planar transistors. For 
additional technical information write RCA Semiconductor 
and Materials Division, Commercial Engineering, Section 

D-19-NN-3, Somerville, N. J. 

The Most Trusted Name in Electronics 



Now All RCA 
Silicon Computer Transistors Go Planar 

Epitaxial—Triple-Diffused—Double-Diffused 

RCA expands line of silicon planar and planar-epitaxial 
switching transistors to meet the stringent reliability and 
performance requirements of today's computers 

RCA SILICON DIFFUSED-JUNCTION PLANAR TRANSISTORS 
In addition to the popular 2N708 family, here is a lineup of 
the many other high-speed silicon planar transistors now 
available from RCA, incorporating all the advantages of 
surface protection inherent in planar technology: 

RCA 2N696... Specially designed and processed to assure sta-
bility of characteristics and reliable performance under 
conditions of severe thermal and mechanical stress. High 
switching speeds at high current makes RCA 2N696 espe-
cially suitable for core driving and other high current appli-
cations. 

RCA 2N697... High Beta version of RCA 2N696. 

RCA "Universal" 2N2102 ... First silicon n-p-n triple-diffused 
planar transistor specifically designed for widest possible 
application in military and industrial equipment. It features 
high switching speed, high pulsed beta (4E) at I. = 1 amp, 
and controlled beta over 5 decades of I. It has high break-
down-voltage ratings, high dissipation ratings, low satura-
tion voltages, and low output capacitance. 

RCA 2N699... New triple-diffused-junction silicon n-p-n planar 
transistor especially useful for vhf and video applications. 
Triple-diffused-junction design makes possible lower satura-
tion voltages, higher sustaining voltages and lower output 
capacitance. 

RCA 2N1613... Four-step beta control—specifically designed 
for wide application in military and industrial equipment. 
It features low noise and low leakage characteristics. Beta 
40 min., BVc1,0 75 y min., IcE0 at 25°C equals 0.01 p,a max. 

RCA 2N2270... New economy version of the RCA "universal" 
triple-diffused silicon planar transistor for applications in 
military and industri-
al equipment. It fea-
tures high breakdown 
voltages, low Vec 
(Sat), low leakage 
characteristics, very 
low output capaci-
tance. Minimum gain-
bandwidth product =-
60 Mc, in applications 
from dc to 20 Mc. 

[D
C
 
F
O
R
I
N
A
R
O
-
C
U
R
R
E
N
T
 
T
R
A
N
S
F
E
R
 
R
A
T
I
O
 
N
y
e
 

r>
ee

tg
f,

,,
§g

tg
là

 
 

CCAMION- MIT TER COCO BASE IRMO 
COLLECTOR-TO-EMITTER 'VOLTS IRCE 1•10 

1111 

55 

00 04 10 100 

COLLECTOR MILLIAMPERES Ut' 

Typical DC-Forward-Current Transfer-
Ratio Maraeteristics for Type 2912270. 

1000 

RCA SILICON PLANAR-EPITAXIAL TRANSISTORS 
RCA combines two of today's most 
advanced technologies, planar con-
struction and the epitaxial process, 
to bring you silicon transistors with 
excellent stability, high reliability, 
low saturation voltage and improved 
'switching times. 

RCA 2N1 à da... First silicon planar-
epitaxial computer transistor in the 
TO-46 miniature package offers a 
VcE (sat) of 0.22v max., Beta( h FE) 
20 min., t,, 25 nsec max., BVEE0 = 
25v min.,Icito = 0.025 µa max. It is 

especially designed for use in very-high-speed applications 
in military and industrial equipment requiring high relia-
bility and high packaging densities. See chart for beta sta-
bility versus current and temperature. 

RCA 2N2205 ... Electrically identical to the À1708, but in the 
JEDEC TO-18 package. Like the 2N1'. its epitaxial 
structure insures low collector saturation voltage at high 
collector current. Planar construction insures low collector 
cutoff current (IeBb) and exceptional stabiKy throughout 
life. 

RCA 2N2206...High-beta version of RCA 2N1708 in the TO-46 
package. Minimum beta 40, Short storage time, 35 nsec. max. 

RCA PACKAGING ...Whatever your packaging requirements, 
from transistors and multiple devices in standard JEDEC 
packages, to special configurations or RCA Minimodules 
and RCA Micromodules, RCA Semiconductor and Materials 
Division packaging specialists are ready to wcrk with you 
to meet your design requirements. 

CALL YOUR RCA REPRESENTATIVE TODAY FOR 
COMPLETE INFORMATION ON RCA'S BROAD LINE 
OF SILICON PLANAR TRANSISTORS. For additidnal 
technical information, write RCA Semiconductor and Mate-
rials Division, Commercial Engineering, Section D-19-N N-3, 

Somerville, N. J. 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 
RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES ... EAST: Newark, N. J., 744 Broad St., HU 5-3900 • (Camden-Philadelphia Area) Erlton, N. J., 605 Marlton Pike, 
HA 8-4802 • Syracuse, N.Y., 731 James St., Rm. 402, GR 4-5591 • Baltimore, Md., EN 9-1850 • NORTHEAST: Needham Heights 94, Mass., 64 "A" St., HI 4-7200 • SOUTHEAST: 
Orlando, Fla., 1520 Edgewater Dr., Suite =1, GA 4-4768 • EAST CENTRAL: Detroit 2, Mich., 714 New Center Bldg., TR 5-5600 • CENTRAL: Chicago, Ill., Suite 1154, Merchznee Mart 
Plaza, WH 4-2900 • Indianapolis 5, Ind., 2132 East 52nd St., CL 1-1405 • Minneapolis 16, Minn., 5805 Excelsior Blvd., WE 9-0676 • Denver 11, Colorado, Continental Terrace Bldg., 
Suite 301, 2785 N. Speer Blvd., 477-1688 • WEST: Los Angeles 22, Calif, 6801 E. Washington Blvd., RA 3-8361 • (San Francisco Area) Burlingame, Calif., 1838 El Ce.mino Real, 
OX 7-1620 • Seattle 4, Wash., 2250 First Ave. S., MA 2-8816 • SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, ME 1-9720 • GOV'T: Dayton, Ohio, 224 N. Wilkinson St., 
BA 6-2366 • Washington, D. C., 1725 "K" St., NW., FE 7-8500 • RCA INTERNATIONAL DIVISION, 30 Rockefeller Plaza, New York 20, N. Y. Cable Address: RA010INTER, N. Y. 
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PRODUCTION TECHNIQUES 

Film is being peeled to form a negative, left, and to form a positive, right. The circuit is the same in both photographs. 
Oversize ilru wings are not used in this process 

PC Boards Without Photographic Reduction 

By ROBERT R. THIBAULT, 
Thibault Electronics, Brooklyn, N. Y. 

STANDARD practice throughout the 
electronic industry in producing 
printed circuit boards is to make 
the circuit drawing four to five 
times the size of the finished board. 
The oversize drawing is then photo-
graphically reduced to the required 
size. This is good practice if there 
is to be a lot of printing on the fin-
ished board, such as part numbers 
etc.; in many cases, however, only 
the model number and the actual 
circuit are required. If production 
is to be by the photo-resist method, 
the negative is used; if the board 
is to be reproduced by the screen-
resist method, a positive must be 
made of the negative. 

Lines are traced with sharp knife 
that has a fine point. The circuit is 
not blacked in, as the drawing will 
be used to make both a positive and 
a negative 

Many small shops and laborato-
ries farm out their photo work be-
cause of the high cost of cameras 
and other equipment, or because of 
a lack of facilities for setting up a 
dark room. But sending photo-
graphic work outside the plant 
often results in a loss of time. A 
study of tolerances required of pc 
boards has shown that for better 
than 60 percent of the cases, sharp-
ness of detail and not close toler-
ance is the factor that dictates the 
use of oversize drawings. 

Several types of strippable red 
film on stabilized plastic backing 
are suitable for making pc boards 
without photographic reduction 
(For example, Ulano Rubylith, 
made by Ulano Graphic Arts Inc., 
Brooklyn, N. Y. and Cut 'N Strip, 
by Keufel and Esser Co., Hoboken, 
N. J.). The films will produce clean 
sharp lines, are transparent and at 
the same time ultraviolet safe. 
The following process for hand 

cutting positives and negatives is 
especially suitable for small shops, 
providing only that reasonable care 
is exercised. 
The circuit of the board is drawn 

to the size of the finished product 
and a sheet of the film is fastened 
over the completed drawing, with 
the film side up. The lines on the 
drawing are then traced with a 

razor sharp knife using enough 
pressure to cut through the film but 
not into the backing sheet. The 
knife must be sharp if sharp clean 
lines are to be obtained; a dull 
knife will result in ragged edges. 
The way the film is peeled depends 
on whether a negative or a positive 
is required. If a negative is needed, 
the film between the lines is re-
moved by peeling. If a positive is 
required, the background is peeled 
away. 
The problem of cutting the holes 

or making the dots that mark the 
holes on the lands and conductor 
lines for components can be solved 
by making punches from small 
tubing. As an example, the narrow 
portion of a brass ballpoint pen re-
fill makes a convenient size punch; 
the large end can be used if a larger 
size hole is required. To make the 
punch, cut the tube just behind the 
ball, soak the tube in a solvent that 
will dissolve the ink, file the cut end 
of the tube square and then dress 
it on a fine stone. Both ends of the 
tube are then reamed with a watch-
maker's cutting broach. 
The holes or dots are made by 

pressing the punch into the film 
with enough pressure to go through 
the film but not cut into the backing 
sheet. As a time saver, the dots 
used to mark the holes on the lands 
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How Denison Precision-Cleans .0002" 
Tolerance Parts Weighing 180 Lbs.! 

I 

PROBLEM: Denison Engineering Div., American 
Brake Shoe Co., needed reliable precision-clean-
ing of metal hydraulic components for missile-
ground-support equipment they manufacture. 
Clearances down to .0002 in. had to be main-
tained, yet cleaned. A familiar situation . . . ex-
cept that these components weigh up to 180 lbs.! 

SOLUTION: They constructed an ultra-modern 
new White Room using "Freon" fluorinated sol-
vents. "Freon" is an excellent selective solvent, 
yet is non-flammable and of extremely low tox-
icity. So it's perfectly safe and practical to work 
with the relatively large amount of solvent needed 
for total immersion of these bulky components. 
Denison needs no hoods or blowers to vent the 
solvent! 

In the photo, one of these hydraulic compo-
nents, a 65-lb. pump-cylinder barrel is lowered 
into an ultrasonic bath of "Freon" solvent at 
Denison's new White Room. According to Den-
ison, the "Freon" has so low a surface tension, 
it easily penetrates the tiny openings involved. 
There it washes away atmospheric or process 
contaminants such as dust, lint or chips, with-
out harming critical metal surfaces. 

Denison has found "Freon" dries quickly, 
leaves no residue on parts, gives better cavitation 
than previous solvents. And, most important, 
they can get 90r, recovery of the solvent in a 
simply constructed still. Since using "Freon", 
they've never had a hydraulic component re-
jected for cleanliness! 

• • • 

We'll be glad to give you help in selecting 
"Freon" solvents for use in your own White 
Room. Just write on your letterhead to Du Pont, 
2420E4 Nemours Bldg., Wilmington 98, Del. 

FREON) 
solvents 

,/ S P•i 0, 

April if), 1962 
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for maximum 
reliability 

SPECIFY BIRTCHER 
4-AL SERIES 

HEAT RADIATORS 

GET HIGHER 
WATTAGE 
OUTPUT IN 
HI-POWERED 
SEMICONDUCTOR 
APPLICATIONS 
Each linear inch of these spe-
cially extruded aluminum heat 
radiators provides 25 square 
inches of radiating surface. En-
gineered for minimum thermal 
resistance and for maximum 
natural convection, Birtcher 
4-AL Series Heat Radiators are 
available from stock in 1/2 " in-
crements ... with mounting hole 
patterns to accommodate 90% of 
popular semiconductors. 
Available from 
authori:ed distributors 

New technical data report; 

shows drawing; mounting 

hole patterns; test report... 

sent on request. 

THE BIRTCHER 
CORPORATION 

INDUSTRIAL DIVISION 

745 S. Monterey Pass Road, Monterey Park, Calif. 

TUBE/TRANSISTOR/COMPONENT 
COOLING AND RETENTION DEVICES 

of a negative may be punched on 
another sheet of the material and 
put into place with a pair of 

tweezers; dots are added after the 

lines have been peeled. 

If simple circuit changes have to 

be made after production has 

started, they can be made right on 

the original master film, without 

doing all the art work over again. 

For positive film, the changes are 

cut out on another sheet of mate-

rial, then peeled from the plastic 

support and placed on the master 

film, where it will adhere if slight 

pressure is applied. For the nega-

tive film, the area to be blocked out 

is filled with a piece of film from 

another sheet, the new changes cut 

and the required areas peeled. 

Direct Tungsten-to-Steel 

Welds Cut Contact Costs 

AN IMPROVED PROCESS for directly 
welding tungsten to steel that cuts 
costs and eliminates galvanic cor-

rosion has been put into high-

volume production by the Electrical 

Contacts and Specialties Div. Fan-

steel Metallurgical Corp. 

The process is being used to make 

electrical contact assemblies for 

automotive voltage regulators, dis-

tributor and magnetic points, elec-

tronic vibrator power supplies, and 

similar applications where rapidly 

repeated circuit interruptions are 

present. 

The patented process has cut as-

sembly costs as much as 15 percent 

compared to other methods. The 

savings arise because the process 

eliminates preparation and assem-

bly of brazing material that other-

wise had to be inserted between the 

tungsten disk and the steel. Also, 

the process can be highly auto-

mated. 

Prior attempts at direct tung-

sten-to-steel welding were ham-

pered by contamination from 

copper welding electrodes and dis-

colorations of the finished parts. 

These problems have been elimi-

nated in the new technique. 

A special tensile testing appa-

ratus has also been developed to 

verify weld soundness. 

Gas-Pressure Bonding 

Lowers Temperature 
PERFECT METALLURGICAL bonds can 

be accomplished by gas-pressure-

bonding, according to a study con-

ducted by the Defense Metals In-

formation Center. 

The gas-pressure bonding proc-

ess uses an inert gas such as helium 

or argon at high pressure and ele-

vated temperature to fabricate me-

tallic or ceramic materials. Used to 

produce bonds between similar and 

dissimilar metals, ceramics and cer-

met materials, the process can bond 

brittle materials or materials of 

widely differing properties. Metals 

suitable for bonding by the process 

include beryllium, aluminum, mo-

lybdenum, columbium and tungsten. 

The report summarizes the pres-

ent state of the art of the gas-pres-

sure-bonding process with regard to 

both joining and consolidation. Ap-

plications of the process are also 

discussed. 

Compaction of power to high den-

sity is an important application of 

the process and even refractory 

metals can be consolidated to near 

full density at 2,700. The low tem-

perature allows extremely fine grain 

size as compared with normal sin-

tered products. Many ceramic ma-

terials are also readily densified by 

this process at temperatures as low 

as 2,100 F. 
Important areas of application 

will be joining of super refracto-

ries, densification of powder pre-

forms, fabrication of complex struc-

tural members from beryllium 

sheet, consolidation and fabrication 

of ultraceramic materials such as 

hafnium carbide, and application of 

impervious coatings to refractory 

metals. 

A report of the study is now 

available from the Office of Techni-

cal Services, Business and Defense 

Services Administration, U. S. De-

partment of Commerce, Washing-

ton 25, D. C. 
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MAGNETIC° 

MINIATURE 

SERVO 
AMPLIFIERS 

TRANSISTOR MAGNETIC 

Call Us/ WITH YOUR 
REQUIREMENTS 

516 AN 1.4502 

Or Write/ FOR STANDARD 
LISTING 

civ5 MAGNETICO INC 
516 AN 1 • 4502 

6 RICHTER CT. E. NORTHPORT, N. Y. 

PRODUCTION -1 

TOROIDAL 
WINDING 

MAG - AMPS • TRANSFORMERS 

INDUCTORS 

FILTER COILS 

DELAY Lk COILS 

MAGNETIC° 
CIRCLE 202 ON READER SERVICE CARD 

WORLD WIDE 
DQUARTERS FOR.. 

LASER 
AINGLE CRYSTALS 
' The largest variety and sizes of 
LASER Crystals, doped with rare 
earths and transition elements are 
available at SEMI-ELEMENTS, INC., 
where 90% of the world's LASER 
Crystals are produced. 

Most LASER Crystals are avail-
able from stock in "As Grown" 
Boules or Finished Rods. 

SINGLE CRYSTAL CHIPS 

$15.00 to $40.00 each 

Ask us about these newest 
promising LASERS 

STRONTIUM MOLYBDATE 
CESIUM MOLYBDATE 
BARIUM MOLYBDATE 
LEAD MOLYBDATE 

STRONTIUM TUNGSTATE 
CESIUM TUNGSTATE 
ZINC TUNGSTATE 
GLASS LASERS 
PLASTIC LASERS 
LIQUID LASERS 

nd for comprehensive literature 

SINGLE CRYSTAL DIVISION 

mi • Elements In 
onburg Blvd. • Saxonburg, Pa. 

DIAL 412-352-1548 

NEEDS AN 
OPERATOR 

to start it 
Not much else to do. Watch it yourself 

...in pleasure. See how the Leesona No. 

115 Bachi Bobbin Winder saves an op-

erator's time! See how it helps her 

change bobbins and start a new coil 

quickly, easily, accurately. No fumble to 

place wire in the wire guide—no need-

less motions. Listen to No. 115 . . . you 

can hardly hear it. Watch for vibration 

... you won't see any. Even at 10,000 

rpm. No. 115 not only saves labor, re-

duces fatigue. It does more . . . more 

accurately. For instance: set a dial . . . 

the machine stops precisely at the 

number of turns desired. Another 

instance: turn a dial calibrated in 

16ths of an inch, adjust traverse 

infinitely from 0 to 2% inches (to 23/4  

inches with special order machines). Ad-

just the wire guide pulley microscopi-

cally, compensate for differences in bob-

bin flange thickness. Obtain high speed 

up to 12,500 rpm, and with certain coils 

and wires, as high as 15,000 rpm. And 

this unusual machine not only winds spool 

wound coils: it also produces layer or 

form-wound coils. You can see No. 115 is 

compact. Our fact sheet and illustrated 

folder will show it has been designed 

sensibly so it is serviceable, that its com-

ponents are extraordinarily effi-

cient and durable, and it has the 

safeguards you want. Call your 

Leesona agent or write: 

1111 
LEESON' 

' 

Leesona Corporation/Warwick, Rhode Island. 
CIRCLE 203 ON READER SERVICE CARD 
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e872A Coaxial Slide-Screw Tuner 

er536A Coaxial Frequency Meter 

$906A Coaxial Load 

$393A/394A Variable Attenuators 

$760D/ 761D Dual Directional Couplers 
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Here are seven new coaxial instruments to simplify your microwave work and give you 
greater measuring flexibility in the important 1-to-4 GC frequency range. Look at the increased 
versatility of measurements possible with these instruments, each carrying the assurance of 
quality, versatility, dependability and value which make Hewlett-Packard's one of the world's 
most widely used lines of microwave instrumentation. 

(hp 393A/394A Variable Attenuators 

Accurate attenuation in high power coaxial systems 
is provided by these direct-reading, multi-purpose 
instruments, the 393A, 0.5 to 1 GC, and ;/ 394A, 1 
to 2 GC. They are variable attenuators, variable di-
rectional couplers and local oscillator mixers. The 
direct-reading feature eliminates the need for cali-
bration curves, and the attenuators handle up to 200 
vatts average, depending on line terminations. Two 
908A low-power coaxial loads (furnished) permit 

the instruments to attenuate at levels up to 0.5 watt 
average power. 

Specifications 
Frequency Range: 
Overall Accuracy:* 

Connectors: 

1 to 4 GC 
±0.14% 

>1500 
Type N 

Dimensions: 91/8" high x 6" long x 6" deep. 13 pounds 
Price: (8‘ 536A, $500.00 

'Includes 4-0.02% for 0-100% relative humidity 
and -I-0.0016%/ o C from 13-33' C. 

'r 393A/394A Variable Attenuators 

Accurate attenuation in high power coaxial systems 
are provided by these direct-reading, multi-purpose 
instruments, the 1,393A, 0.5 to 1 GC, and e394A, 1 
to 2 GC. They are variable attenuators, variable di-
rectional couplers and local oscillator mixers. The 
direct-reading feature eliminates the need for cali-
bration curves, and the attenuators handle up to 200 
watts average, depending on line terminations. Two 
e 908A low-power coaxial loads (furnished) permit 
the instruments to attenuate at levels up to 0.5 watt 
average power. 

Specifications 
Frequency Range: )393A, 0.5 to 1 GC; $394A, 1 to 2 GC 
Attenuation or Coupling: e393A, 5 to 120 db, $394A, 6 

to 120 db; both continuously variable 
Absolute Accuracy: Within -± 1 db or I% of dial (e 393A), 
± 1.25 db or 2% of dial (4,-!) 394A), whichever is greater. 

(With matched generator and load) 
Nominal Impedance: 50 ohms 
SWR: < 2.5:1, 5 - 10 db attenuation; < 1.5:1, 10 - 30 db; 
< 1.2:1, 30-120 db (e 393A); < 1.4:1, 30 -120 db ($ 394A) 
Directivity: Greater than 15 db (14i) 393A), or 10 db (e 
394A), 10 to 40 db attenuation with loads of less than 

1.051 SWR 
Maximum Voltage: 500 y peak 
Connectors: Type N 
Dimensions: 51/2" x 12" x 234" 
Price: (393A, $420.00; (394A, $420.00 

4,872A Coaxial Slide-Screw Tuner 

With the $872A Coaxial Slide-Screw Tuner, inser-
tion of the precision probe carriage into a specially 
developed slab line is quickly and easily varied with 
a micrometer drive, and position along the line may 
be read directly on a recessed scale. Probe travel is 
at least 1/2 wavelength at 0.5 GC so that any phase 
reflection may be compensated. Logging penetra-
tion and position of the probe makes repetition of 
settings simple, and the probe can be withdrawn so 
that no correction is applied. 

Specifications 
Frequency Range: 
Correctable SWR: 
Insertion Loss at Max. Correctable SWR: 
Characteristic Impedance: 
Connectors: 
Dimensions: 
Price: 

0.5 to 4 GC 
10 

1 db or less 
50 ohms 
Type N 

27" x 6" x 5" 
cl 872A, $525.00 

4,906A Coaxial Load 

This sliding coaxial termination is a movable, low 
reflection load for terminating 50-ohm systems in 
their characteristic impedance. The load moves at 
least 1/2 wavelength at its lowest rated frequency. 
It features a movable center conductor which insures 
proper seating in the mating conductor. Included are 
adapters for Type N connectors, plus storage case. 

Specifications 
Frequency Range: 1 to 12.4 GC 
Load SWR: less than 1.05 
Power Rating: 1 watt 
Travel: Greater than 1/2 wavelength at 1 GC 
Dimensions: 31" long. 2 lbs. 
Price: $906A, $250.00 

4,760D/761D Dual Directional Couplers 

New e 760D/761D Dual Directional Couplers, two-
octave vhf-uhf instruments, are especially useful for 
power monitoring, mixing and power sampling with 
tightly controlled coupling. High directivity and flat 
frequency response make them ideal for reflectom-
eter systems. Power capacity is 50 watts cw and 10 
kw peak. 

Specifications 
Frequency Range: 
Mean Coupling: 
Coupling Variation: 
Directivity (Minimum): 
Primary SWR (Maximum): 
Secondary SWR (Maximum): 
Connectors: 
Price: 

Model 760D Model 7610 

250 - 1000 MC 1 - 4 GC 
20 -± 1/2  db 20 -± 1/2 db 
± 1/2  db ± 1/2 db 
35 db 30 db 
1.20 1.25 
1.25 1.30 

Type N Type N 
$200.00 $185.00 

HEWLETT- PACKARD COMPANY 
1501 Page Mill Road Palo Alto, California, U. S. A. 
Cable "HEWPACK" DAvenport 6-7000 

Sales representatives in all principal areas 

HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No. 1 Geneva, Switzerland 

Cable "HEWPACKSA" Tel. No. (022) 26. 43. 36 7098 
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circuit 
designers... is your 

appointment in space with Hughes? 
Today at Hughes you will find one of the 
country's most active space-electronics or-
ganizations. Important new and continuing 
projects, including SURVEYOR, SYNCOM, 
ARPAT, BAMBI and POLARIS guidance sys-
tems are growing at unprecedented rates. 

This vigor promises the qualified engineer or 
scientist more and bigger opportunities for 
both professional and personal growth. 

Many immediate openings exist. The engi-
neers selected for these positions will be as-
signed to the following design tasks: the 
development of high power airborne radar 
transmitters, the design of which involves use 

of the most advanced components; the de-
sign of low noise radar receivers using para-
metric amplifiers; solid state masers and 
other advanced microwave components; ra-
dar data processing circuit design, including 
range and speed trackers, crystal filter cir-
cuitry and a variety of display circuits; high 
efficiency power supplies for airborne and 
space electronic systems; telemetering and 
command circuits for space vehicles, timing, 
control and display circuits for the Hughes 
COLIDAR* (Coherent Light Detection and 
Ranging). 

If you are interested and believe that you can 
contribute, make your appointment today. 

Please airmail your resume to: 
Mr. Robert A. Martin 

Supervisor of Scientific Employment 
Hughes Aerospace Divisions 

11940 W. Jefferson Blvd. 
Culver City 9, California 

We promise you a reply within one week. 

Creating a new world with ELECTRONICS 

HUGHES 
HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer. 
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INTRODUCING 
\(\   
LADDERTRON 

----- X 
A NEW TUNABLE HIGH POWER CW MM-WAVE KLYSTRON 

\/\ 

LADDERTRON, a single cavity, multi-gap klystron, employs 

a strip beam system, that permits LOWER BEAM VOLT-

AGE CW OPERATION FOR VERY HIGH POWER USE. 

The frequency of the LADDERTRON is mechanically 

tunable over a range of 1,000 Mc, and the control elec-

trode modulation enables the electronic tuning in a range 
of 40 Mc. 

The 2 models now in production are the 35F10 with a 

frequency of 35 K Mc and an ouiput of 5 watts, and the 

50F10 with a frequency of 50 K Mc and an output of 5 

watts. 

Model No. 

Output Power 

Center Frequency 

Mechanical Tuning Range 

Resonator Voltage 

Cathode Current 

Electrical Tuning Range 

Water Cooling 

35F10 50F1 0 

5W 5W 

34,000 Mc 50,000 Mc 

-±750 Mc ±1,000 Mc 

1,850V 2,140V 

110 mA 120 mA 

40 M c/s 40 M c/s 

0.5 /min. 0.5 t/min. 

01K11 
elect rie indusi 

co.. ltd. JAP,t 

FOR DETAILS, WRITE TO : 

Sole Distributor in U.S.A. 

Butler Roberts Associates, Inc. 

4471, N.W. 36th Street, Miami Springs, Fla. 

202 East 44th Street, New York 17, N.Y. 

Frank Thomas P.O. Box 1377, Santa Barbara, Calif. 

CIRCLE 204 ON READER SERVICE CARD 

YOURS 
THE 

R 1NG 

MICRON!' company inc. 
CIRCLE 205 ON READER SERVICE CARD 

RELIANCE DEVELOPS ADVANCED COMMERCIAL 
FREQUENCY-CONVERTED D-C POWER SUPPLY 

Facts book now ready covering data 
processing and communications equipment 

Converting from 60 to 3000 cycles 
before rectifying to d-c. this new 
Reliance D-C Power Supply brings 
you these major advantages: 

1. High frequency A-c. distribution 
— multiple rectifiers at point 
of use. 

2. Low cost, compact, high freq-
uency components. 

3. Maximum protection against 
line voltage and frequency dis-
turbance. 

4. Simplicity in maintaining high 
quality D-c. voltages. 

Talk to our people about 
this new Reliance devel-
opment ... and be sure to 
get the booklet with all technical 
facts. Write today. Reliance 
Eledric and Engineering Co., Dept. 
83-4, Cleveland 17, Ohio. Cana-
dian Division: Toronto, Ontario. 

RELIANCE ELECTRIC AND • ENGINEERING CO. 
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NEW PRODUCTS 

DESIGN 

Quadrature Filters 
loo TO 1 REJECTION 

MANUFACTURED by Bulova Watch 
Co., Inc., 61-10 Woodside Ave., 
Woodside 77, N. Y., are the model 
831 (400 cps, 26 NO and model 
832 (115 y reference) miniatur-
ized solid state quadrature rejec-
tion filters. Input impedance is 
5,000 ohms (plus 2RL) for refer-
ence phase and 5,000 ohms for the 
quadrature component. Rejection 
ratio is better than 100:1 at the 
voltage range 0.005 to 6 v. Maxi-
mum signal is 6 y at 400 cps, noise 
is 500 /iv maximum, insertion loss 
is 6 db at 5,000 ohms load, phase 
shift is 2 degrees maximum and 
bandwidth is 10 cps. Essentially the 
circuit (see sketch) consists of a 

0_ 
M UPPER 

cr 
IN1763 

9c LOWER 

o R3 
27K 

Pnlyn, Photocell 
SURGE TO 5 AMPERES 

ANNOUNCED by Solid State Prod-
ucts, Inc., 1 Pingree St., Salem, 
Mass., is the Phototran series of 
diffused silicon pnpn photocells. 
These units directly handle 300 ma, 
have a surge capacity of 5 amperes, 
an inherent memory, voltage rat-
ings to 200 IT, trigger level set by 
bias and high light sensitivity. The 

AND APPLICATION 

phase-sensitive demodulator, filter 
network and a synchronous chop-
per. Reference and input signals 
are applied to Q, and Q, which act 
like a bilateral synchronous switch. 
Signal at point A is a d-c voltage 
whose magnitude is dependent only 
upon the component of input sig-
nal in phase with the reference sig-
nal. Quadrature component of in-
put signal contributes an a-c com-
ponent at point B and is filtered out 
by R1, C1, R, and C2. The d-c signal 
at point A is converted into a-c of 
reference frequency and phase by 
the synchronous modulator Q„ and 
Q1. 
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device can be latched on with a 
light or electrical pulse, and latches 
off when load current is momen-
tarily interrupted. Electro-optical 
OR gating can be achieved with 
gate triggering levels as low as 30 
tia. In off state, impedance is over 
10 megohms while on state is 10 
ohm. The sketch shows typical op-
eration in control of a storage bin. 
When the bin is above upper control 
limit, both Phototrans are dark and 
in off state. When level falls below 
upper limit, Q, switches on. Capaci-
tor C, charges through Q, and D, to 
peak positive a-c supply. Voltage on 
C, is maintained by conduction of 
Q, during each positive half cycle. 
When bin level falls below lower 
limit, Q2 is triggered on. Half-wave 
rectified a-c energizes load and bin 

starts to fill. When level rises above 
lower limit, Q, does not turn off be-
cause of holding current through 
R, from C,. Since Q, has no holding 
current, it will turn off when level 
reaches upper control. The load is 
de-energized and voltage on C, is 
not maintained allowing Q, to turn 
off. Resistors R, and R, bias Q, and 
Q, while capacitors C2 and C, pre-
vent transient triggering. Diode D, 
allows inductive load current to 
free-wheel during negative half 
cycle'. 
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0-10 
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Transient Monitor 
DURATION TO 50 NSEC 

RECENTLY announced by Micro In-
strument Co., 3851 Sepulveda Blvd., 
Culver City, Cal., is the model 
5200 self-contained, battery-pow-
ered transient monitor whose re-
sponse goes from d-c to 10 isec 
down to d-c to 0.1 iisec. The a-c 
coupled input impedance is 100 
ohms nominal, sensitivity is —0.5 
I/ for negative transients and +1.4 
I/ for positive transients. An in-
ternal bias supply provides 0 to 10 
ma into a test diode or a 100-ohm 
load. Readout is neon indicator 
lamps. Applications include semi-
conductor shock and vibration test-
ing, sequencing monitor, go-no-go 
monitor, and high-speed decision 
circuit device. In operation (see 
sketch) transients appear at both 
channels. Coupling diodes direct 
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PREMIUM PERFORMANCE AT PRODUCTION PRICES... 
ITT KELLOGG INDUSTRIAL SYSTEM COMPONENTS... 

ITT Kellogg designs and manufactures a broad range of 
electronic and electro -mechanical components 
for hundreds of industrial and commercial applica-
tions . . . including: 
• Data storage devices 
• Switching matrices and other assemblies 
• Relays of many kinds 
• Transistorized circuit modules 
• Communications equipment, components, hardware 
• Monitoring, sensing, alarm devices 

You'll find ITT Kellogg components are reliable, durable, 

efficient . . . yet moderately priced. They are built to 
exacting high-performance standards developed by more 
than 60 years of design and manufacturing experience 
for the telephone industry. 

got a problem? 
ITT Kellogg will engineer relays for the special, exacting 
needs of the modern systems and control designer. Write 
or call for a specialist to discuss your needs. Whatever 
your problem, ITT Kellogg has the experts to help you. 
No obligation. 

THESE ARE ONLY A FEW EXAMPLES OF ITT KELLOGG COMPONENTS 

MAGNETIC 

DATA-STORAGE 

DRUM 

Non-destructive store, 
250 bit 5 track, selective 
pulse record and erasure 
contact closure for read-
out. High reliability. 

JI! 
MINIATURIZED 

TRANSLATION 

MATRIX 

For automation systems, 
plug-in selenium disc rec-
tifiers, not soldered or 
wired ... rearrange cir-
cuits by simply reposi-
tioning discs. 

COMMUNICATIONS 

EQUIPMENT 

AND COMPONENTS 

Telephones, handsets, 
hook switches, dials, 
cam keys and accessories, 
lamps, caps, jacks, plugs, 
mountings, plates ... ail 
types of telephone-type 
hardware for industrial 
application. 

LOW-COST 

INDUSTRIAL RELAYS 
AND MAGNETIC 

IMPULSE COUNTER 

For a multitude of uses 
... types for "memory" 
devices, binary data stor-
age, multiple-circuit 
operation, special re-
quirements. 

FOR MORE INFORMATION, OR A DISCUSSION OF YOUR NEEDS. WRITE OR CALL YOUR NEAREST REPRESENTATIVE— OR, SENi) THE COUPON AT RIGHT. 

KELLOGG 
A Division of International 
Telephone d. Telegraph Corporation 
6650 S. Cicero Ave., Chicago 38, Ill. 

Representatives: 

Penwarden/Dailey Associates H. Markowitz 
14547 Titus Street 
Van Nuys, California 

Berndt & Klein Associates 
6322 N. Milwaukee Avenue 
Chicago 46, Illinois 

T. H. Ellis Sales Co., Inc. 
7711 State Line Road 
Kansas City 14, Missouri 
Albert A. Jacobs 
3913 North 35th Street 
Milwaukee 16, Wisconsin 

511 Montana Street 
P. 0. Box 191 
El Paso, Texas 

Land-C-Air Sales Co. 
76 Main Street 
Tuckahoe, New York 

Robert W. Gray 
572 Washington Street 
Wellesley 81, Massachusetts 
47 DeForest Street 
Watertown, Connecticut 

ITT Kellogg, Industrial Sales Department 
6650 South Cicero Avenue, Chicago 38, Illinois 

Please send D Industrial Products Catalog 
D Have representative call 

Name  

Company 

Address 

City, Zone, State 
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‘Nommummalmi 
HIGH PURITY I 
METALS 

ANDELECTRONIC 
MATERIALS 
METALS AND ALLOYS 
ALUMINUM ANTIMONY 
ARSENIC BISMUTH 
CADMIUM GOLD 
INDIUM LEAD 
SILVER TIN ZINC 

High purity alloys are made 
from these metals to customer 
specifications. 

STANDARD FORMS 
INGOTS 
BARS 
RODS 
RIBBON 

SHEET 
SHOT 
POWDER 
WIRE 

PREFORMS 
Preforms are available in a range 
of sizes and shapes such as 
discs, dots, was.hers, squares 
and spheres. Enquiries are 
invited on our alloy preforms. 

COMPOUND 
SEMICONDUCTORS 

INDIUM ANTIMONIDE 
Available as crystals, wafers, 
circles, rings and other shapes 
made to precise tolerances. 

CHEMICALS 
SALTS SOLUTIONS 

COMINCO 
PRODUCTS INC. 
Electronic Materials Department 

933 West Third Avenue 
Spokane, Washington 

Ph. RI 7-7103 TWX: SP 311 

the transients according to polarity 
and reject opposites. High-speed 50 
ns flip-flops respond to the tran-
sients and trigger their appropri-
ate blocking oscillators. Output ap-
pears as a lit neon tube. When the 
first flip-flop operates, a clamping 
circuit shuts off the other channel, 
so only the first occurring tran-
sient registers. Response time can 
be changed by introducing integrat-
ing capacitors in the flip-flop cir-
cuit. Self checking facilities are 
provided. 
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C .., ..... ... 

Automatic Scanner 

TEN-LINE UNIT 

RADIATION INC., Orlando, Fla. Model 
7210 automatic 10-line scanner does 
not affect the signals it samples. It 
is designed for telegraph work. 
Cumbersome patch cord changes 
are eliminated, allowing faster 
traffic with no interruptions and 
less chance for error. Unit permits 
10 individual circuits, either polar 
or neutral, to be scanned sequen-
tially. Each circuit is scanned for 
a preselected time interval. 
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X-Band Antenna 

SPUN ALUMINUM 

APPLIED MICROWAVE ELECTRONICS, 

INC., 6707 Whitestone Road, Balti-
more 7. Md. This spun aluminum 
reflector and waveguide horn feed 
operates over the range of 8.2 to 
12.4 Gc with a nominal gain of 33 
db. Maximum vswr is 1.35 to 1 and 
side lobes relative to the main beam 
are suppressed at least 22 db over 
the entire band. The 24-in, parabola 
mounting facilities provide for ad-

justment in azimuth and elevation 
and selection of either vertical or 
horizontal polarization. 
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Frequency Comparator 

FULLY TRANSISTORIZED 

MONTRONICS INC., 1212 West Main, 
Bozeman, Mont. Model 100 fre-
quency comparator, through fre-
quency difference multiplication, re-
duces the time required to make 
accurate frequency comparisons. It 
provides, when used with the model 
100A indicator-recorder unit, a con-
tinuous permanent record of the 
magnitude and sense of the differ-
ence frequency. 
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Static Relay 

MAGNETICS INC., Butler, Pa. The 
Micro Sentry, a static relay with an 
adjustable turn-on point, can di-
rectly replace sensitive meter re-
lays to give protection in applica-
tions such as reverse current 
protection, over-temperature con-
trol, over-speed control. 
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Signal Source 

LOW COST, COMPACT 

THE NARDA MICROWAVE CORP., Plain-
view, N. Y. Model 451 covers the 
frequency range of 750 to 2,750 Mc, 
and provides power output from 100 
to 300 mw over most of the band, 
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with at least 10 mw output even at 
band edges. Complete modulation is 
built into the single solid state de-
sign unit, providing for internal 
c-w, square wave or pulse modula-
tion at a rate of 400 to 2,000 cps 
and a variable pulse width of 0.5 to 
20 lisec. Price is $1,325. 
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Digital Voltmeter 

PORTABLE UNIT 

UNITED SYSTEMS CORP., 918 Woodley 
Road, Dayton 3, 0. Digi-Tec 
model 200 features an easily read 
lighted display in four ranges from 
0.000 to 1,000 y and will follow bi-
directional voltage changes without 
flicker or back-tracking. Certified-
2 digit accuracy, digit resolution 
and repeatability, 2 sec average 
reading time, over voltage and in-
correct polarity protection. Unit is 
completely transistorized and lists 
at $287.50. 
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Induction Generator 

BASICALLY AIR-COOLED 

REEVE ELECTRONICS, INC., 603 W. 
Lake St., Chicago 6, Ill. A 5 Kw in-
duction generator is sold complete 
with dual output terminals for 
single or multi-turn coils with no 
internal matching. It also includes 
thyratron power control and auto-
matic electric timer. Model shown 
is the unit with flexible cord and 
pistol-grip handgun. Unit has self-

KEARFOTT 

Kearfott MN-60 Brand X Ferrite 

Both Micrographs Taken at 1067X Magnification 

RECORDING-HEAD FERRITE 
APPROACHES 
SINGLE-CRYSTAL STRUCTURE 
UNIFORMITY, DENSITY GIVE HIGH PERMEABILITY 
Kearfott's MN-60 Recording-Head Ferrite is specially formulated 
for optimum performance. Uniform crystal structure, sharp 
crystal boundaries, and careful control of voids produces its 
excellent characteristics. Initial minimum permeability is 5000, 
with an average of 6000 in production quantities. It is easily 
machined into small difficult shapes with typical tolerances of 
0.0001 inch. Surfaces are finished by machining to 16 micro-
inches, and by lapping to 8 microinches. 

OTHER FEATURES OF MN-60 
Negligible Eddy Current Losses 
High DC Resistivity 
High Curie Temperature 

Low Core-Loss Characteristics 
Low Electrical Losses 
Highest Uniform Quality 

Eî Te L a 1 n 
Typical Kearfott head configurations (actual size). 

TYPICAL CHARACTERISTICS OF MN-60 
Initial Permeability (at 21°C, 800 cps) 
Maximum Permeability Range (at 3000 gauss) 
Flux Density (Bmax) (at 2 oersteds) 
Loss Factors (at 10 kc) 

(at 50 kc) 
(at 200 kc) 

Curie Temperature 
DC Resistivity 

500 minimum 
9000-10,000 gauss 
4800 gauss 
3 x 10-6 
4.5 x 10-6 
45 x 10- 6 
190°C 
300 ohm-cm 

For complete data write Kearfott Division, General Precision, Inc., 
Little Falls, New Jersey. 

P).  

L2 
EM} irk)2   
euo 
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SWITCHES FOR 
CIRCUIT SHRINKERS 
The MALLORY-GRIGSBY line of switches gives you compact 
size in a variety of rotary and lever action models . . . all with 
exclusive "Wedglock" terminal construction that assures posi-
tive alignment, prevents distortion. 

4M series (30° indexing) has r .,' wafer diameter. Meets or 
exceeds MIL-S-3786A. 12 positions in phenolic wafer and 
ceramic. Shorting and non-shorting types, up to 6 sections. 
60° and 90° indexing styles, with two-piece metal and phenolic 
shaft, for high RF signal circuits. 

6M series, lever action, uses same wafer construction as 4M. 
Projects only 14" back of panel. 30° indexing; with or without 
spring return; 3 position. 

5M series is a truly low-cost general purpose rotary switch, 
in several shaft and circuit configurations. 

Available from stock at factory prices from Mallory Industrial 
Distributors. Write for data and for name of source nearest you. 

Distributor Division 

P.O. Box 1558, Indianapolis 6, Ind. MALLORY 

contained water cooling system 
mounted on the generator. Gen-
erator basically is air-cooled, re-
quiring only 1 gpm for cooling tank 
coil and work coil. 
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Rotary Pot 
HERMETICALLY SEALED 

HUMPHREY, INC., 2805 Canon St., 
San Diego 6, Calif. Hermetically-
sealed rotary pot, capable of oper-
ating at cryogenic temperatures, is 
available in two configurations. 
CP14-0101-1 is a servo mount type, 
2 in. in diameter and 2 in. long. It 
may be furnished with total resist-
ance ranges from 50 to 100,000 
ohms and angular travels from 30 
to 360 deg continuous rotation. 
CP14-0201-1 is a bracket mounted 
unit, 1.25 in. in diameter and 2 in. 
long. It may be furnished with total 
resistance ranges from 50 to 50,000 
ohms and angular travels from 45 
to 360 deg continuous rotation. 
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Epoxy Adhesive 
RADIATION APPLICATIONS INC., 36-40 
37th St., Long Island City 1, N. Y., 
announces Raiseal 5019, an epoxy 
adhesive suitable for bonding poly-
urethane to metal. 
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Diode Switch 
AT L-BAND 

MICROWAVE TECHNOLOGY INC., 235 
High St., Waltham 54, Mass., an-
nounces model L-401 diode switch 
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at L-band to meet stringent power 
requirements. It operates at a fre-
quency range of 1,250 to 1,350 Mc. 
Isolation is greater than 20 db 
while insertion loss is less than 0.4 
db. Switching time is less than 10 
nsec. Unit can handle 25 w peak 
power and 5 w average power. 
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Electron Gun 
FOR VACUUM METALLURGY 

BRAD THOMPSON INDUSTRIES, INC., 

83-810 Tamarisk St., Indio, Calif. 
Model 776 electron gun has a power 
rating of 0 to 7!. Kw with maximum 
ratings of 25 Kv and 300 ma. Maxi-
mum effective spot size is 0.050 in. 
Features: replaceable filaments, in-
terchangeable beam forming 
sources, magnetic focusing and de-
flection, and grid control of the 
electron beam. Gun has been used 
to melt and weld refractory metals 
including tungsten to 0.050 in. 
thickness. 
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Duct System 
FOR MODULAR RELAYS 

PANDUIT CORP., Tinley Park, Ill., 
announces the Panduct system for 
use with 10 amp, 300 y modular in-
dustrial relays. Modular relays are 
mounted side-by-side in rows, form-
ing a trough for wire between rows. 
Company supplies Nylon cover 
clips which are mounted between 
rows of relays and on the perimeter 
of relay groups. Wires are snapped 
into the cover clips, providing wire 
retention. Panduit also supplies a 
vinyl half duct which is mounted 
on the outside edge of perimeter 

how to measure in-phase 
and quadrature with 

0.1% accuracy— in milliseconds 
Previously unobtainable accuracy and millisecond response are only two of the 

reasons why NAI's Phase Sensitive AC-to-DC Converters meet the most critical 

requirements in computer, recording, automatic test and digital display systems. 

Unlike conventional converters, these all solid state modules measure not only 

total signal—but quadrature, in-phase and fundamental components as well. DC 

output is proportional to selected input component, yet unaffected by harmonics. 

A wide range of manual and relay-actuated models permits selection and program-

ming of function, range and frequency to suit test or system requirements. 

Specifications of relay-programmed models are given in the table. Data on manually 

switched models PSC-41 5 and -416 upon request. 

PSC-410/411 PSC-420/421 

Voltage Range 
[(410 & 420) 1 1 y f.s. to 300 y f.s., 4 ranges 
(411 & 421) 1 10 mv f.s. to 300 y f.s., 6 ranges 

Frequency Range 
[(phase sens.) 1 1 frequency* 3 frequencies* 
(total volts) I 60 cps-20 kc 60 cps-20 kc 

Linearity 0.1% f.s. 0.1% f.s. 
Functions Et ,Ef .Ein and Eq 
Output Voltage 0-10 y dc, into 10 k load, for all functions 
Input Impedance 1 megohm 1 megohm 
Response Time 0.1 sec 

•any frequency between 60cps and Nice 

The North Atlantic man in your area can quickly show you how the PSC-410 and 

-420 simplify AC measurement jobs from GSE to production test of transducers, 

networks and amplifiers, Call today for his name, or request Bulletin PSC-1. 

NOR.T1-1 A.TLANTIC Industries, inc. 

TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK • OVerbrook 1-8 6 0 0 
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WESTINGHOUSE 
ULTRASONICS 
A reliable production 
tool .. . cleans almost 
anything better. Do you 
need  absolute cleaning of metal, glass, 
ceramic or plastic parts or assemblies? 
Westinghouse ultrasonic cleaning can do 
it. It's fast. Production-line dependable, 
too: generators are solid-state, trans-
ducers are long-life Magnapak and—for 
insurance—Westinghouse supplies local 
maintenance and service. Write: Westing-
house Electronic Equipment Department, 
2519 Wilkens Ave., Baltimore 3, Md. You 

can be sure... if it's Westinghouse 

1111116111111 

cover clips. The half duct is avail-
able with standard Panduct snap-
slots to facilitate wiring to adjacent 
terminal blocks, etc. 
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Rectifier Tubes 
MERCURY FILLED 

NATIONAL ELECTRONICS, INC., Ge-
neva, Ill. The NL-575A and NL-
673 are designed for h-v power 
rectifier applications. They are mer-
cury filled for high efficiency and 

long life. Ratings: piv, 15,000; d-e 
amp max, 2.5; max instantaneous 
amp, 10; filament volts, 5; and fila-
ment amp, 10. 
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Flat Filters 
DALTRONICS INC., lop Manton Ave., 
Providence, R.I., offers a line of 
filters with ultra-flat response 
within the pass-band. A high pass 
filter can be furnished with a sharp 
cut-off below 300 cycles and flat 
within ±0.25 db above 300 cycles 
all the way to 1,500 Ke. 
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Coaxial Stub Tuners 

THREE TYPES 

RLC ELECTRONICS, INC., 25 Martin 
Place, Port Chester, N.Y., an-
nounces a line of coaxial stub tun-
ers for operation from 200 Mc to 
11 Ge. Units are designed to pro-
vide means for tuning out reflec-
tions of transmission lines, and for 
obtaining maximum power transfer 

"Diamond H" Series W 
Gives You 

More Relay 
... 25 amps! 

7— 
se.irm11-41 

••••••6 
or...g-fot 

MADE IN U.S.A. 

41> 
THE HART MFG. CO. 
HARTFORD, CONN. 

RELAY 
CAT. NO. 

W! 15M-183 

'  COIL 115VAC 

LOAD 25&240V. A.C. RES. 
120•MP. MOV. 5Iír 

More Circuits! 
TYPE DIAGRAM CODE 

3 PDT/Z •-• -- t 
Z 

OPDT/2 :::t-:: t 7.1-:: 2 Z 

SPDT/C :;:i-U t C 

DPOT/C =:,_l_Z t 7.,4U 2C 

spST/NO -7-4-1"- I Y 

oper/mo ---1--  I --Fe- 2 X • 

SPST/MC _.4._ I y 

DPST/NC ......1-„,_ t _.4,._ 2Y 

a-c or d-c units avai able 

More Plug-In Relays 
... in less space! 

For more 
complete infor-
mation on Series W 
general-purpose Relays, write 
for Bulletin WU-09 which gives com-
plete data, specifications, applications 
and illustrations. 

The HART 
Manufacturing Company 

202 Bartholomew Avenue 
Hartford 2, Connecticut 
Phone: JAckson 5-3491 
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between an r-f source and its load. 
They are available in two frequency 
ranges, from 200 to 1,000 Mc and 
from 1 to 11 Ge; and are supplied 
in single, double and triple types. 
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Il 

Delay Lines 
MINIATURIZED 

ALLEN AVIONICS, INC., 255 E. 2nd 
St., Mineola, N. Y., announces a 
series of miniature lines. Delays 
range from 0.05 to 2.8 ¿sec with 
248 standard lines available in 100, 
500 and 1,000 ohm impedance. Size 
range is from 0.5 by 0.8 by 13 in. 
to 0.5 by 0.8 by 4.2 in. Metal cans 
are used with glass headers. Units 
are foamed or epoxy filled. Provi-
sion is made for one tap. Delivery is 
normally 2 weeks. 
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Numerical Display 
NO MOVING PARTS 

ROBOTOMICS, INC., 2422 E. Indian 
School, Phoenix 16, Ariz. Miniature 
solid state display uses no moving 
parts. Model D1620 displays 1 in. 
high in-plane numbers when 1 of 
10 lines is grounded. Operates on 
+10 to +12 vat 80 ma. Dimensions 
are V• in. high by 1 „ in. wide by 
11 in. deep. Displays weigh 3 oz, 
draw less than 1 w of power, and 
mount on 1 „ in. side by side 
centers. 
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Miniature Chopper 
LOW NOISE 

CAMBRIDGE SCIENTIFIC INDUSTRIES, 

18 Poplar St., Cambridge, Md. The 
920 series choppers feature opera-

Tape Speed 

Compensation Module 

Record Module 

Playback Module 

• Housing available for bench applications. 

140 Channels of 2 kc data on 
100 kc magnetic tape recorder! 
—One example of UNIDAP Data System capability! 

• Permits magnetic recording and playback of multichannel, 
constant-bandwidth, time-correlated research data. 

• Unique frequency translation and multiplexing techniques 
permit optimum use of recorder bandwidth capabilities. 

• Physically and electrically interchangeable modules make 
custom system assembly easy. 

• Compatible with existing DCS analog and digital equipments. 

UNIDAP—a new concept ... complete systems-engineered modular 
capability for acquisition, storage and playback of multichannel 
static and dynamic research data! Completely transistorized! Oper-
ator can modify system characteristics to adapt to the recorded 
data. Entire system automatically compensated to eliminate effects 
of wow and flutter. Modules can be interconnected at will using pro-
gram boards. System can be expanded to meet future requirements 
and adapt to improved recorder capabilities. 

Three systems are available immediately; others will follow: 

MARK 1 All standard IRIG channels are available. Also, center 
frequencies to 1 mc with deviations to 40%. 
Simultaneous continuous FM magnetic recording of 1 to 
10 channels of 500 cps intelligence data plus reference fre-
quency on single tape track of 50 kc bandwidth recording 
capability. 
Similar to Mark 500. Records 1 to 10 channels of 2000 cps 
on 200 kc bandwidth track. 

• All above are nominal 1% accuracy systems, subject to terminal 
equipment employed. • Full range of accessory calibration and test 
equipment available. 

If you're concerned with magnetically recorded data for any pur-
pose, you'll want to know more about UNIDAP's unique capabilities. 
For more information, address: Dept. E-1-7. 

MARK 500 . 

illARK 2000 .. 

DATA-CONTROL SYSTEMS, INC. 
l•cceureocutectelo« #t Zedeevred 

Los Angeles • Sante Clara • Wash., D. C. • Cape C al 

Home Office: E. Liberty St., Danbury. Conn. • Pioneer 3-9241 
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1 TRO IMES 

TUPE 

40 mw 100 mw 250 mw 

WRITE FOR DATA SHEET #6 

ORDNANCE, INC. 
A subsidiary of S. H. Couch Company, Inc. 

3 ARLINGTON STREET, NORTH QUINCY 71, MASS. Tel-Boston Cypress 8-4147 

tion from 0 to 500 cps while main-
taining precise dwell time and bal-
ance. It has less than 5 noise 
into 100,000 ohms at 60 cps. Unit is 
available in the standard 7 pin min-
iature, 1 ?a in. height as well as the 
new 0.670 diameter by 11 in. long. 
All various mounting methods can 
be employed. Rigid environmental 
specs can be met. 
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Dry-Reed Relays 
EPDXY ENCAPSULATED 

WINTRONICS, INC., 1132 So. Prairie 
Ave., Hawthorne, Calif., offers se-
ries EW dry-reed relays, with 1 
form C contact arrangement, none 
biased. Contacts enclosed in glass 
capsule hermetically sealed from en-
vironmental conditions in atmos-
phere of inert gas. Suitable for 
computer and low level switching 
for hundreds of millions of opera-
tions. Length is n exclusive of 
leads and 3',1 overall including ter-
minals. Available up to (3 form C. 
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Signal Analyzer 
RAYDATA CORP., 1078 E. Granville 
Rd., Columbus 24, 0. Model 41 sig-
nal analyzer is a portable instru-
ment with an extended frequency 
coverage and extreme dynamic 
range for industrial and laboratory 
measurements. 
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Preset Time Delays 
SOLID STATE 

JORDAN ELECTRONICS, a Div. of The 
Victoreen Instrument Co., 121 So. 
Palm Ave., Alhambra, Calif., offers 
timers that utilize unijunction tran-
sistors and are of the delayed 
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THE MOST WELL BALANCED STOCK 
OF MICRO-DRILLS IN THE U.S.A. 

PHINn 

IN STOCK FOR IMMEDIATE DELIVERY 

TYPE 

Spirec Pivot Drills 

Flat Pivot Drills 

Spirec Pivot Drills 

Spirec Center Drills 

STYLE 

Right Hand 

Right Hand 

Left Hand 

Right Hand 

STOCK SIZES 

0.10mm to 3.00mm by 0.01mm increments 

0.04mm to 1.00mm by 0.01mm increments 

0.10mm to 1.00mm by 0.01mm increments 

0.10mm to 0.70mm by 0.05mm increments 

Other sizes and styles available on special request. 

Pel—liNn known the world over as 
the symbol of the finest in micro-drills. Insist 
on them by name. Your best assurance of 
quality and precision. 

SEND FOR COMPLETE DRILL CIRCULAR 

LOUIS LEVIN & SON, INC. 

3573 Hayden Ave., Dept. E • Culver City, California 

CIRCLE 206 ON READER SERVICE CARD 

NEW! 
ONE-PIECE 
LEAD WIRES! 

Better because,„ 
• Eliminates weld-joint failures 

• Unaffected by salt-spray tests 

• Supplied in glass-sealing alloys 

• Wide range of diameters — .020 to .080, 
necked down as much as 50% of original 
diameter. 

Send blueprints or sketches, get full details and prices. 

ART WIRE AND STAMPING CO. 
18 Boyden Place, Newark 2, N. J. 

Type SC torques 
to 300 oz. in. 
1.07" dia. 

Type MC torques 
to 1000 oz. in. 
1.25" dia. 

MINIATURE A.C. GEARMOTORS 
Globe Type SC and MC motors with planetary or spur gearheads 
provide more than 101 standard ratios, even and odd. Custom 
v.,inding and gearing provide all in-between speeds for the exact 
speed-torque you need—up to 1000 inch ounces. SC and MC 
motors are hysteresis-synchronous or induction types, 115 to 
208 v.a.c., 60 or 400 cycle or variable frequency, weigh 21/2 
and 61/2 oz. respectively; gearheads add 1 to 6 oz. depending 
on type and ratio of gearing. MIL specs are routine. Ask about 
commercial versions and check us if you need larger or smaller 
gearmotors. Please specify your speed; many prototypes 
shipped in one day, larger quantities soon after. Bulletin SMG. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 

GLOBE 

GLOBE 

INDUSTRIES, 

INC. 

CIRCLE 207 ON READER SERVICE CARD 
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NEW MIDGET 482 
CONNECTOR—full 
interchangeability with 
existing MS type 
miniature connectors 
with bayonet lock 

In addition to its versatility the new Midget 482 connector meets the environ-
mental requirements of MIL-C-26482 and meets or exceeds the requirements 
of MIL-C-0026482 where applicable. Plus a'host of other dependable features 
including: 
• crimp style removable contacts • shells of high strength impact extruded 
aluminum • cadminum plated with olive drab irridite finish • closed entry 
sockets meeting or exceeding MIL-C-26636 requirements where applicable 
• resilient inserts permanently bonded to shell • bayonet coupling with 
positive lock for easy mating. 

8 „ MILITARY 
"0" e COMPONENTS 

In the last four years METHODE 
ELECTRONICS, INC.'S business in 
military components has expanded 
1400%. The remarkable progress 
stems from: 

• 

•\ 

• 

VOLUME EXPANDED 
1400 Per Cent 

Development of special proprietary equipment to perform the 
precision manufacturing requirements necessary for military 
quality wiring devices. 

Design of specialized high environmental components to meet 
tomorrow's requirements. 

A quality doctrine with controls patterned after the classic 
MIL-Q-9858 format and further supplemented with engineering 
management team orientation to product manufacture and 
inspection. 

Plated Thru Holes 
Copper reduction techniques are 
used for sensitizing in conjunc-
tion with pre-clad laminates— 
compact, reliable, excellent 
component soldering and high 
component density. Application 
—Intercontinental Ballistics Mis-
siles. 

Funnel Tubelets 
Funnel shaped tubelets permit easy 
component insertion, repeated re-
moval and re-mounting without dam-
age to board or adhesion—maximum 
reusability. Application — Air to Sur-
face Missiles. 

PRINTED WIRING BOARDS 
to MIL-SPECS 

*37 to one 
micro photographic 
cross-section view 

Fused in Place 
Eyelets 

Solder flowed under 
flanges by high cur-
rent electrode set dies 
using latest equip-
ment improvements. 
Application — Ground 
to Air Missiles. 

Write for informative literature. 8 ethode Electronics, Inc. 7447 W.WilsonAue..Chicago 31.111. 
Telephone: UNderhill 7-9600 

pull-in variety. Preset time delay 
may range from 0.1 sec to 60 sec 
with an accuracy of ±--5 percent to 
-.±10 percent depending upon re-
quirements. Input voltages may be 
from 18 y d-c to 30 y d-c and rated 
loads vary from 2 to 10 amp at 28 y 
d-c or 115 y a-c. Recycling is possi-
ble within 10 millisec after pull-in 
and minimum life is rated at 100,-
000 cycles. Timers meet MIL spec 
environmental requirements. 

CIRCLE 324 ON READER SERVICE CARD 

Materials Testers 

TWO MODELS 

INSTRUMENT SYSTEMS CORP., 129-07 
18th Ave., College Point 56, N. Y., 
offers a system to display hysteresis 
loops on a cro and to determine the 
coercivity and remanence of mag-
netic materials. Types M101/A and 
M101/B are suited for the testing 
of magnetic coatings, as on film 
type memory storages and magnetic 
recording tapes, and for the evalua-
tion of magnetic alloys in strip or 
wire form. The hysteresis loop 
testers are made of 3 separate 
units; a measuring head; an ampli-
fier; and a power supply, with co-
ercivity ranges extending to 2,000 
oersteds. 

CIRCLE 325 ON READER SERVICE CARD 

Metal Disks 
EXTREMELY FLAT 

SEMI-ALLOYS, INC., 20 North Mac-
Questen Parkway, Mount Vernon, 
N. Y. Manufacture of silicon recti-
fiers requires extreme flatness in 
the metal disks used for base tabs 
in order to assure that it will match 
up to the crystal. Company has 
available molybdenum, tantalum 
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and tungsten disks 0.0001 in. flat. 
They may be clad and/or plated 
with a wide range of metals includ-
ing nickel, gold, silver, copper, Anti-
mony, Kovar, aluminum, steel and 
others. 

CIRCLE 326 ON READER SERVICE CARD 

Power Triode 
FORCED AIR-COOLED 

CALVERT ELECTRONICS, INC., 220 E. 
23rd St., New York, N. Y., is mar-
keting a power triode designed for 
use in high power r-f induction 
heaters. Type BR1143, manufac-
tured by English Electric Valve 
Co., Ltd., is a forced air-cooled 
triode with a 20 Kw anode dissipa-
tion. The dissipation figure allows 
ample temporary overload capacity. 
The tube may be operated at 10 Kv 
up to 10 Mc. Filament voltage is 
12.5 y and amplification factor is 
37. Tube measures 21 in. by 14 in. 

CIRCLE 327 ON READER SERVICE CARD 

HERMETICALLY SEALED 

Sealed Capacitor 
FLAT SHAPE 

GOOD-ALL ELECTRIC MFG. CO., Ogal-

lala, Neb. Type 605 capacitor for 
transistor circuitry combines thin, 
flat shape with a hermetically sealed 
metal case of oval cross section. It 
meets all Mil-Spec environmental 
requirements and is available in 
capacitances from 0.01 to 0.33 id in 
50 y ratings only. Temperature 

WHAT 

DEPENDABLE 

SLIDE SWITCHES 
CAN DO FOR YOUR PRODUCTS 

ADD COLOR—Trigger knobs in 10 attractive 
colors add decorative and functional touches 
to switching operations. 

CUT cOsTS—Low in initial cost, Stackpole Slide 
Switches often reduce costs up to 50% over 
other type switches. 

SAVE SPACE—Stackpole Slide Switches take less 
panel area, often less depth than conven-
tional switches. 

SIMPLIFY PRODUCTION—Choice of solder lug or 
printed wiring terminals, clearance or 
tapped-extrusion mounting holes. 

HANDLE HIGHER LOADS-0.5- to 1-amp types for 
electronic equipment. 1-, 3-, and 6-amp 
types for appliances and power tools. 

SWITCH COMPLEX CIRCUITS-1- to 3-poles, 2- to 
4-positions for real switching versatility. 

FACILITATE OPERATION — Trend-setting slide 
action available with or without detents and 
spring returns. Plunger-operated and match-
ing pushbutton styles also available. 

Write for Slide Switch Bulletin 

STACKPOL1E 
ELECTRONIC COMPONENTS DIVISION 

STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania 
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No Other Electrical Connector 

Offers So Much SECURITY 

SIMPLICITY 

SAVINGS 

3D COMPRESSION 

Size Reference: 

Four Station Camblock 
Overall Length: 2.36 in. 
Height: 9A6 in. 
Width: Vs in. 

BETTER POSITIVE LOCKING CONNECTION, both 
mechanically and electrically, results from the wedg-
ing action of the cam which compresses the wire 
against the busbar. Camblock construction* also 
affords superior insulating characteristics and high 
vibration values. 

SIMPLE as . . . (A) stripping the wire, (B) inserting 
it into terminal block, or binding post connector, 
and (C) turning the cam. 

ELIMINATION OF SPECIAL TOOLS, LUGS, NUTS, 
SCREWS, AND SOLDER makes field service and 
maintenance easy and quick. 

SUBSTANTIAL SAVINGS IN WIRING LABOR TIME 
— on the average of 75% — have been realized 
by users. 

ONE SIZE CAMBLOCK ACCOMMODATES A WIDE 
RANGE OF WIRE SIZES . . . =10 to ::22AWG (rat-
ed to 30 amps) for the medium series available 
in 2 to 20 stations. 

*patent pending 

Write for technical data sheets and test reports. 
Camblock Meets or Exceeds MIL-T-16784B. CSA 
File #19143. 

;1g,11.1g1; 
WALTHAM PRECISION INSTRUMENT COMPANY. INC. 

221 CRESCENT STREET, WALTHAM 54, MASSACHUSETTS 

TellTWInbrook 3-4000 TWX: WALTH 1183-X 

range is —55 C to +125 C at full 
rated voltage. Tolerances are -±.20 
percent, ±10 percent and -±-5 per-
cent and the dielectric is Mylar. 

CIRCLE 328 ON READER SERVICE CARD 

Power Supply 
O to 15,000 V D-C 

PRL ELECTRONICS, INC., 232 Westcott 
Drive, Rahway, N. J. H-V power 
supply is rated at 0 to 15,000 y d-c 
at 10 ma max. Voltage doubler cir-
cuitry provides a ripple of 0.5 per-
cent rms and optional positive or 
negative polarity. A pair of meters 
monitor output voltage and current. 
Safety features include automatic 
output grounding switch; zero start 
interlock; all doors are interlocked; 
all front panel controls at ground 
potential; safety resistor in output 
lead. 

CIRCLE 329 ON READER SERVICE CARD 

Millimeter Antenna 
3-FT DIAMETER 

TRO, INC., 400 Border St., South 
Boston, Mass. Model V836C is a 
tracking antenna for operation at 
70 Gc. The conical scanning an-
tenna has an offset rotating cir-
cular waveguide feed which oper-
ates in the TE,, mode. Polarization 
is held fixed during the scan by a 
rectangular to round waveguide 
transition. However, the plane of 
polarization can be rotated 90 deg 
by rotating the waveguide and feed. 
Scan speed is continuously variable 
from 15 to 1.600 rpm. 

CIRCLE 330 ON READER SERVICE CARD 
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PRODUCT BRIEFS 

RECORDER/REPRODUCER provides 
bandwidth up to 1.2 Mc. Mincom 
Division, Minnesota Mining and 
Mfg. Co., 2049 S. Barrington Ave., 
Los Angeles 25, Calif. (331) 

MULTISPEED TRANSMISSIONS feature 
modular construction. Brush In-
struments Division of Clevite 
Corp., 37th and Perkins, Cleve-
land 14, 0. (332) 

X-Y RECORDER solid state circuitry. 
Electronic Associates, Inc., Long 
Branch, N. J. (333) 

DPDT CHOPPER for commercial d-c 
instrumentation. James Electronics, 
Inc., 4050 North Rockwell St., Chi-
cago, Ill. (334) 

TUNNEL DIODE OSCILLATOR small 
size, light weight. Sylvania Elec-
tric Products Inc., Mountain View, 
Calif. (335) 

TRANSISTOR TESTER versatile unit. 
GC Electronics Co., 400 S. Wyman 
St., Rockford, Ill. (336) 

DIGITAL DATA RECORDER high-speed. 
Perkin-Elmer Corp., N or w a I k, 
Conn. (337) 

SILICON MODULES wide temperature 
range. Packard Bell Computer, 
1905 Armacost Ave., Los Angeles 
25, Calif. (338) 

FUNCTION GENERATORS transistor-
ized. Physical Instruments, Inc., 
4565 Ponce de Leon Blvd., Coral 
Gables, Fla. (339) 

HALL-EFFECT DEVICES high-output. 
Instrument Systems Corp., 129-07 
18th Ave., College Point 56, L. I., 
N. Y. (340) 

D-C POWER SUPPLIES low-cost. Elec-
tro Products Laboratories, Inc.. 
4500 Ravenswood Ave., Chicago 40, 
Ill. (341) 

DOUBLE LOOP COUPLER highly direc-
tive. I-T-E Circuit Breaker Co., 
1900 Hamilton St., Philadelphia 
30, Pa. (342) 

GLASS LASER RODS doped with Eu-
ropium. Semi-Elements Inc., Saxon-
burg Blvd., Saxonburg, Pa. (343) 

QUARTZ CRYSTAL FILTER intermedi-
ate bandwidth. Bulova Watch Co., 
Inc., 40-01 61st St., Woodside 77, 
N. Y. (344) 

METOHM precision 

resistors in handy 

protective "pop-out" 

package of ten. 

NOW' 
Ward Leonard precision metal 
films too! "METOHMS" OUTDO MIL-R-10509D 

Now Ward Leonard offers you the same uncompromising quality, the same super-
lative reliability in a metal-film precision resistor that you've come to know and 
expect in Ward Leonard power resistors. 
Ward Leonard METOHM molded metal-film precision resistors exceed the re-

quirements of MIL-R-10509D, characteristics B, C, and E. Standard METOHM 
resistance tolerances are ±1%; tolerances to -±0.05% on special order. 
METOHMS exceed wire-wound precision resistors in high-frequency perform-

ance yet are smaller and lighter weight. And, they far excel other types of preci-
sion film resistors in low, and controllable, temperature coefficient of resistivity. 
Moreover, these low TC's apply over the entire range of resistance values. 2.9 

METOHM 
TYPE 

MIL 

EQUIVALENT 

RATED 

WATTS 

OHMIC VALUES MAX. VOLTAGE 

RATING MIN. MAX. 

WL 60 RN 60 1/8 30 500K 250 V. 

WL 65 RN 65 1/4 50 1 meg. 300 V. 

WL 70 RN 70 1/2  50 1.5 meg. 350 V. 

You'll find full data on METOHM resistors in Ward Leonard Catalog No. 50. Write 
for your copy and a list of distributors today. Ward Leonard Electric Co., 30 
South Street, Mount Vernon, New York. 

' RESULT-ENGINEERED CONTROLS 

WARD LEONARD 
ELECTRIC CO 
RESISTORS • RHEOSTATS • RELAYS • CONTROLS • DIMMERS 

April 20, 1962 CIRCLE 91 ON READER SERVICE CARD 91 



INSTRUMENTS 
ELECTRONICS 
AMMO IN 
INTERNATIONAL 

EXHIBITION 

More than 500 British and foreign 

manufacturers of electronic 

equipment, scientific instruments and 

industrial controls will be showing their 

newest products at the 1962 I.E.A. — 

the largest exhibition of its kind ever 

held in the world. If you are in this 

field, or planning automation in your 

plant and office, you should be there 

for the 1962 I.E.A. exhibition will 

show not only the latest developments 

in instrumentation and electronic 

equipment, but also prototypes vital 

to the world in the years ahead. 

LONDON ENGLAND 

28 MAY-2 JUNE 1962 

PLAN YOUR VISIT TO LONDON and the I.E.A. NOW 
For your Official Invitation Card and further details contact: 

INDUSTRIAL EXHIBITIONS LIMITED, 9 ARGYLL STREET, LONDON W,1, ENGLAND 

AN 000 EXHI5ITION 

Literature of 
MAGNETIC FIELD EVALUATOR Mag-

netic Shield Division, Perfection 

Mica Co., 1322 N. Elston Ave., Chi-

cago 22, Ill. Data sheet 156 de-

scribes an a-c magnetic field eval-

uation probe. (345) 

KLYSTRONS Westinghouse Elec-

tronic Tube Division, Box 284, El-

mira, N. Y. Microwave klystron 

tubes now available are presented 

in four-page Quick Selector booklet 

ET-1309. (346) 

FANS AND BLOWERS Rotron Mfg. 

Co. Inc., Woodstock, N. Y. A 24-

page catalog contains specifications 

on a line of fans and blowers for 

electronic and instrumentation cool-

ing. (347) 

POTENTIOMETRIC TRANSDUCERS Car-

ter Mfg. Corp., 23 Washington St., 

Hudson, Mass., offers a bulletin on 

the push-pull model 118GS 7, in. 
diameter potentiometric trans-

ducers. (348) 

DIGITAL SERVOS Digital Servo 

Corp., 13425 Wyandotte Ave., 

North Hollywood, Calif. Brochure 

explains the application of digital 

techniques to a 400-cycle carrier 

analog servo system. (349) 

WIRE MARKERS W. H. Brady Co., 

726 W. Glendale Ave., Milwaukee 9, 

Wisc. Bulletin 729 describes self-

sticking B-400 electronic wire 

markers. (350) 

BLOCK TAPE READER Electronic 

Engineering Co. of California, 1601 

E. Chestnut Ave., Santa Ana, Calif. 

A catalog sheet describes the TP-

414, a 96-bit bidirectional block 

tape reader. (351) 

SOUND VELOCITY OSCILLATOR Ram-

say Engineering Co., 707 N. Los 

Angeles St., Anaheim, Calif., has 

available a data bulletin on the 

model SV-311 sound velocity oscil-

lator. (352) 

D-C POWER MODULES ACDC Elec-

tronics, Inc., 2979 North Ontario 

St., Burbank, Calif. Bulletin TP-660 

covers a series of transistor regu-

lated d-c power modules. (353) 

ELECTRON IC WEIGHING Gilmore 

Industries, Inc., 3355 Richmond 

Road, Cleveland 22, 0. An 8-page 

electronic weighing brochure de-
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the Week 
scribes case history applications in 
several different industries. (354) 

TRANSDUCER, AMPLIFIER Taber In-
strument Corp., 107 Goundry St., 
North Tonawanda, N. Y. Bulletin 
features the model 185/295-1 trans-
ducer/amplifier. (355) 

CAPACITORS Vitramon, Inc., Box 
544, Bridgeport 1, Conn. Catalog 
covers VK microminiature ceramic 
capacitors and VY solid state por-
celain capacitors. (356) 

MICROWAVE POWER GENERATORS 

Raytheon Co., 225 Crescent St., 
Waltham 54, Mass. Microwave 
power generators and accessories 
designed for a variety of laboratory 
applications are described in an 
8-page brochure. (357) 

POWER SUPPLY Radiation Dy-
namics, Inc., 1800 Shames Drive, 
Westbury, L. I., N. Y., has available 
a booklet entitled "Duo-Dynaply 
Power Supply" B-162. (358) 

TEST EQUIPMENT Arenberg Ultra-
sonic Laboratory, Inc., 94 Green 
St., Jamaica Plain 30, Mass., has 
published brochures listing the spe-
cifications and prices of the Arulab 
series of test equipment. (359) 

MEDICAL SYSTEMS Electronic Medi-
cal Systems, Inc., 1449-51 Univer-
sity Ave., St. Paul 4, Minn. Elec-
tronic monitoring systems and 
medical instrumentation are de-
scribed in a brochure. (360) 

TRANSMITTING MULTICOUPLER 

Granger Associates, 974 Commer-
cial St., Palo Alto, Calif. Technical 
data sheet describes a four-channel 
transmitting multicoupler used in 
conjunction with broadband an-
tennas. (361) 

CIRCUIT MOUNT Sanders Associ-
ates, Inc., 95 Canal St., Nashua, 
N. H., has released a data sheet on 
the new universal transistor circuit 
mount. (362) 

AIR CLEANING CABINET Dexon 
Inc., 3517 Raleigh, Minneapolis 16, 
Minn. A data sheet contains de-
scription and prices of the Prim-
aire, Jr., a compact climate control 
cabinet. (363) 

INDUSTRIAL 

SPACE AGE 

tteatert v 'tdatita's 

DE KALB COUNTY 
Some of the country's best known growth companies are now choosing sites 
in these ten ideal industrial districts only 15 minutes from downtown Atlanta. 

Many impressive new plants and warehouses are already established here 
where communications, transportation and merchandising opportunities are 
tops. 

Plentiful skilled and unskilled labor with work stoppages among nation's 
lowest. Ample housing, fine schools and colleges contribute to employee 
satisfaction. 

PRIVATE FINANCING AVAILABLE 

LEASE OR BUY 

LEASE 45c — 65c SQUARE FOOT PER YEAR 
(20,000 square feet or more) 

SEND FOR NEW FULL-COLOR BROCHURE 
ON DeKALB-ATLANTA'S IDEAL 

INDUSTRIAL CLIMATE 

Name  

Title  

Company  

Address  

City 8 State  

Write, Wire or Phone 

F. WM. BROOME, Industrial Manager 

DeKalb Industrial Committee of 100 

P. 0. Drawer 759, Atlanta 22, Ga. 

Telephone 378-3691 

OR 

C. O. EMMERICH, Chairman 

DeKalb County Commission 

Decatur, Ga., Telephone 373-5731 
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The high standards of MITSUMI electronic 

components are insured by a fully-auto-

mated assembly system, and double-checked 

by rigid quality controls. Mitsumi Electric 

Company is Japan's largest manufacturer 

of components for radio, television and 

communications equipment. 

MITSUMI PARTS  
MITSUMI ELECTRIC CO., LTD. 

Komae, Kitatama, Tokyo 

PE R MAG 
24-HOUR DELIVERY from our stock of 
magnets in all sizes, all shapes,all grades. 
Magnets also precision engineered and 
promptly fabricated to your needs. 

MAGNETS 
PERMAG CORP. 
88-06 VAN WYCK EXPRESSWAY, JAMAICA 18, N. Y. 
OLympia 7-1818 • TWX: NY 4-4798 

PERMAG PACIFIC CORP. 
6178 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 
VErmont 7-4479 • TWX: CVR-CY 8043 

Good 
parts 
work 
best! 

Intermediate 
Frequency 
Transformer 
IFT 

POLYVARICON 
Variable 
Capacitor 

=-Ly= 
"Y f  
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electronics 

Editorial 
Opportunity 

IT DOESN'T HAPPEN OFTEN, 
but electronics, "bible of the in-
dustry" and a McGraw-Hill publi-
cation, has an opening for an 
Assistant Editor. 

Ideally, the man we are look-

ing for and to whom a post on 
our New York staff could be a 
long-term challenge, would have 
an electrical engineering degree 
or technical equivalent, practical 
experience in our field and a 
demonstrated aptitude for edit-
ing, writing, reporting. He prob-
ably lives somewhere in the 
metropolitan area and therefore 
would have no relocation prob-
lem. 

Write The Editor, electronics, 
330 W. 42nd St., New York 36, 
stating experience, aspirations 
and past earnings. Mark the 
envelope "Confidential" and it 
will be kept that way. 

in top management services in the 
areas of R&D, engineering, produc-
tion, profit assurance, and in new 
product and plant acquisition ac-
tivities. 

Peterson Advances 
At Lenkurt Electric 

E. KENNETH PETERSON has been 
named manages' of advanced devel-
opment at Lenkurt Electric Co., 
Inc., San Carlos, Calif., where he 
has been a member of the product 
planning staff since joining the 
company in August, 1960. 

GE Leases Facility 
In Oklahoma 

GENERAL ELECTRIC CO. has leased a 
150,000 sq ft facility in Oklahoma 
City to make components for elec-
tronic guidance systems. The com-
pany has also taken an option on 
1,000 acres west of Oklahoma City 
for possible future expansion to de-
velop and build equipment for 
missiles, satellites, and space ve-
hicles. 

Parry Accepts 
ICS Position 

APPOINTMENT of Charles A. Parry 
as director, telecommunication net-
work engineering, of ITT Commu-
nication Systems, Inc., Paramus, 
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N. J., has been announced. 
A subsidiary of International 

Telephone and Telegraph Corp., 
ICS provides engineering and man-
agement for global and other ad-
vanced communication and elec-
tronic systems. 

Parry was vice president and 
director of telecommunication sys-
tems for Page Communications En-
gineers, Inc., Washington, D. C. 

Elect John Wilson 
Metrotek President 

JOHN B. WILSON has been elected 
president of Metrotek Electronics, 
Inc., Raleigh, N. C. He succeeds 
John C. Hanner, who resigned. 

Metrotek's chief activities are in 
the fields of communications, con-
trol, and bio-medical instrumenta-
tion. 

Wilson comes to the Raleigh firm 
from Sperry Rand Corp. 

PEOPLE IN BRIEF 

Harold Bauman and Frank Atha 
advance at Transco Products, Inc. 
to general mgr. and chief engineer, 
respectively. Wilford E. Morris 
leaves RCA to become chief re-
search engineer at the Scintilla 
div. of The Bendix Corp. Harold 
Linschultz, formerly with P. R. 
Mallory Co., named mgr. of manu-
facturing engineering of the New 
Bedford div., Aerovox Corp. In-
formation Products Corp. has 
added Eli Anfenger, previously 
with Epsco, Inc., to its engineer-
ing staff. Joseph DeVincent pro-
moted to Paramus plant mgr. for 
ACF Electronics. Elmer F. Burns, 
ex-Technology Instrument Corp., 
now operations v-p of Accuracy, 
Inc. Allan Karson moves up to v-p 
in charge of Data Systems div. of 
The G. C. Dewey Corp. Vincent A. 
Melfi, from General Electric Co., to 
systems mfg. mgr. for Electro-
Mechanical Research, Inc. Micro-
dot Inc. elevates Donald W. Moore 
to mgr. of the Magnetics div. A. 
Robert Masters, a v-p of R.E.D.M., 
appointed exec v-p of its subsidi-
ary, Hugh H. Eby Co. William T. 
Summerlin, formerly with Philco 
Corp., joins McDonnell Aircraft 
Corp. as mgr. of engineering re-
liability. 

BEFORE AFTER 

Airbrasive reduces 
cleaning and deburring time 

from 30 minutes to11/2 minutes 
Molecular Dielectrics, Inc., Clifton, N.J. found that the Airbrasive 
paid for itself the first full day of operation! Eliminating handwork, it 
boosted daily output per worker from 16 parts (of which 50(:; were 
rejects) to 300 parts (of which less than 10('; were rejects)! 

Parts are flexural pivots for missile components.They consist of metallic 
inserts molded in glass-bonded mica. Deburring, deflashing, and 
cleaning by Airbrasive are followed by rigid inspection under 16x 
magnification. 

MDI is not the only company to eliminate production bottlenecks 
with the Airbrasive. This unique industrial tool, which utilizes a super-
fine jet of gas-propelled abrasive particles, is successfully performing 
many previously "impossible" jobs . . . cutting and shaping fragile 
crystals . . . adjusting microminiature circuits . . . deburring inacces-
sible places ... all without shock, heat, vibration, or danger to the part! 

Important too. Its cost is low. For under $1,000 you can set up your 
own Airbrasive cutting unit. 

Send us samples of your "impossible" jobs. SEND FOR 
We will test them for you at no cost. BULLETIN 6006 

. . . complete information. 

S. S. WHITE INDUSTRIAL DIVISION 
DEPT. EU, 10 East 40th St., N. Y. 16, N.Y. 

Telephone MU 3-3015 collect. 
1171 

for superfine cutting • deburring • cleaning 

hard brittle materials 

AIMMINIM 

d itedee • INDUSTRIAL 
AIRBRASIVE 
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EMPLOYMENT OPPORTUNITIES 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

electronics 
WEEKLY QUALIFICATION FORM 

FOR POSITIONS AVAILABLE 

This Qualification Form is designed to help you advance in the elec-

tronics industry. It is unique and compact. Designed with the assistance 

of professional personnel management, it isolates specific experience 

in electronics and deals only in essential background information. 

The advertisers listed here are seeking professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 

ELECTRONICS. Our processing system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted at your home by the interested 

companies. 

WHAT TO DO 

1. Review the positions in the advertisements. 

2. Select those for which you qualify. 

3. Notice the key numbers. 

4. Circle the corresponding key number below the Qualification Form. 

5. Fill out the form completely. Please print clearly. 

6. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, 

Box 12, New York 36, N. Y. (No charge, of course). 

IM IM BM MI MI MI an IM SIMI =MIMI 

(cut here) 

COMPANY SEE PAGE KEY # 

AMERICAN MACHINE & FOUNDRY COMPANY 99 1 
Stamford, Connecticut 

ATOMIC PERSONNEL INC. 
Philadelphia, Pennsylvania 

BOEING COMPANY 
Seattle, Washington 

ESQUIRE PERSONNEL SERVICE INC. 
Chicago, Illinois 

FEDERAL ELECTRIC CORP. 
Div . of International Telephone & 

Telegraph Corp. 
Paramus, New Jersey 

GENERAL ELECTRIC CO. 
Communi.:ation Products Dept. 
Lynchburg, Virginia 

GENERAL ELECTRIC CO. 
Light Military Electronics Dept. 
Utica, New York 

INTERNATIONAL BUSINESS MACHINES CORP. 
Poughkeepsie, New York 

LEL INC. 
Copiague, L. I., New York 

LOCKHEED MISSILES & SPACE CO. 
Div. of Lockheed Aircraft Corp. 
Sunnyvale, California 

MICROWAVE SERVICES INTERNATIONAL, 
Denville, New Jersey 

NATIONAL CASH REGISTER CO. 
Dayton, Ohio 

126' 2 

9r 3 

126. 4 

18 5 

99 6 

126. 7 

100 8 

100 9 

26, 27 10 

INC. 100 11 

124, 127. 12 

CONTNUED ON PAGE 100 

electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
Personal Background 

NAME   

HOME ADDRESS   

CITY  ZONE STATE  

HOME TELEPHONE   

(cut here) 

Education 

PROFESSIONAL DEGREE(S)   

MAJOR(S)   

UNIVERSITY   

DATE(S)   

FIELDS OF EXPERIENCE (Please Check) 42062 

EAerospace El Fire Control D Radar 
DAntennas D Human Factors D Radio—TV 
DASW E Infrared D Simulators 
D Circuits El Instrumentation Ill Solid State 

DCommunications El Medicine D Telemetry 
DComponents D Microwave D Transformers 
D Computers D Navigation Ei Other   

Ill ECM D Operations Research 11:1  

DElectron Tubes D Optics D  
E Engineering Writing D Packaging D  

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

Technical Supervisory 
Experience Experience 
(Months) (Months) 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 

SYSTEMS 
(New Concepts) 

DEVELOPMENT 
(Model) 
DESIGN 
(Product) 

MANUFACTURING 
(Product) 

FIELD 
(Service) 
SALES 
(Proposals & Products) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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EMPLOYMENT OPPORTUNITIES 
The Advertisements in this section include all employment opportunities—execu-
tive, management, technical, selling, office, skilled. manual, etc. Look in the 
forward section of the magazine for additional Employment Opportunities 
advertising. 

Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Service, 
Part Time Work Selling Opportunities Offered Labor Bureaus 

DISPLAYED ---RATES--- UNDISPLAYED 

The advertising rate is 540 17 per Inch for all ad,. 
Using appearing in other than a contract 1,-. 
Contract rates quoted on request. 

An advertising inch is measured 7;," vertically on a 
column-3 columns-30 Inches to a mtge. 

Subject to Agency Commission. 

1.711 per line, minimum 11 lines. To figure wham, 
payment ,,,, nt 5 average words as a line. 

Iliix Numbers—counts as I line. 
Disrount of DO; if full payment Is made in advanee 

tor 4 consecutive Insertions. 
Sot subject 10 goney Commission. 

Send NEW ADS to CLASSIFIED ADV. DIV. of ELECTRONICS. P.O. Box 12, N. Y. 36, N. Y. 

I RADAR 

ANTENNA 

SYSTEMS 

ENGINEERS 

Senior Project Engineers re-
quired to further AMF's expan-
sion in radar systems, antennas 
and components. Will develop 
departmental capabilities 
through management of radar 
equipment and systems activi-
ties. primarily in preliminary 
design, proposals and in-house 
development efforts. Should 
have prior experience with 
radar systems and radar an-
tenna sub-systems. Equipment 
is primarily for shipboard and 
transportable service. 
Compensation in accordance 
with professional achievement 
in an environment conducive 
to professional growth and sat-
isfaction. Retain New England 
atmosphere in choice southern 
Connecticut. 

Please send resume to 
Mr. William Byman 

GREENWICH ENGINEERING DIVISION 

AMERICAN MACHINE 
& FOUNDRY COMPANY 

737 Canal Street 
Stamford, Connecticut 

.1 o Erioo/ Opportunity Employer 

CIRCUIT 
DESIGNERS 
to $18,720 
SNELLING & SNELLING 
577 Wash, St., Boston, Mass. 

Opportunities 
in all 

geographic 
'areas 
Submit 

resume to. 

• 
POSITION VACANT 

Test Engineer. Nationally known progressive 
company in transportation equipment field 
has opportunity in Research and Dey lopment 
Department in Chicago area for B.S.E.E, with 
three years' minimum experience in the opera-
tion. maintenance, and development of elec-
tronic and electro-mechanical transducers 
and instrumentation for test purposes. 
M.S.E.E. degree may be substituted for ex-
perience. Must be capable of supervising 
experienced electronic technicians in test 
group. Understanding of dynamics particu-
larly in mechanical systems desirable. Will 
consider B.S.M.E. with experience described. 
Above average benefit program including 
tuition reimbursement. Please send resume 
in confidence stating salary desired. P-8738. 
Electronics. 645 N. Michigan Ave., Chicago 
11, Ill. 

ENGINEERS 
CONTROLS 

INSTRUMENTATION 
DATA PROCESSING 

Immediate placement for SYSTEMS 
ENGINEERS to contribute to ad-
vanced development and design 
of Test Instrumentation, Data Ac-
quisition and Processing, Servo-
mechanisims and Automatic Process 
Controls, Electrical and Fluid Cir-
cuitry. 

Prefer graduate Electronic, Elec-
trical or Mechanical Engineers with 
several years design experience in 
these or related fields. 

These are permanent positions pro-
viding challenging work in the 
design of industrial process plants 
and advanced test facilities for 
Saturn and Nova Space programs. 

Salaries commensurate with ability, mov-
ing allowance and many employee 
benefits. 
Submit complete resume to: 

SVERDRUP & PARCEL 
and 

ASSOCIATES, INC. 
915 Olive Street, St. Louis 1, Mo. 

An Equal Opportunity Employer 

SCIENTISTS/ENGINEERS 
Career opportunities in 

• DESIGN • SALES 
• RESEARCH • MARKETING 
• DEVELOPMENT • APPLICATION 

Submit resume in confidence to: 
• Alan Glou  Technical Scientific 
• Sid Flopner  Sales ,Marketing 

Specialists in the personalized placement of 
Electronic Engineers and Scientists, on a na-
tional basis, who have a BS or advanced de-
gree. Client companies assume fee and retina. 
tion costs. 

PROFESSIONAL PLACEMENT CENTER 
1277 MAIN ST, WALTHAM, MASS, 

(11 New, highly responsible 
opportunities created by 
vigorous growth of both 
military and commercial 
communication systems 

contracts — 

COMMUNICATION 
SYSTEMS 
ENGINEERS 

QUALIFICATIONS 

—a minimum of 10 years' 
experience in the communica-
tions engineering field, 5 of 
which should have been di-
rected toward communication 
systems involving microwave, 
telephone and teletype switch-
ing centers & data transmission. 

OR 
— a significant level of experi-
ence in design of complete, 
2-way radio systems involving 
mobile and station packaging, 
and control by local and re-
mote means. 

ALSO IMMEDIATE OPENINGS 
FOR THE FOLLOWING: 

Antenna Design Engineers 
(UHF/VHF) 

Test Equipment Design Engineers 
(EE)  

Subsystem Design Engineers 
(EE)  

Transistor Circuit Design Engineers 
(EE)  

Transmitter Engineers 
(EE)  

Receiver Engineers 
(EE) 

Electromechanical Engineers 
(EE or ME)  

Component Evaluation Engineer 
(EE) 

l> Facility located 4 easy driving 
hours from Washington, D. C., 
in the beautiful, Blue Ridge 
area of Virginia. For a prompt 
review of your qualifications, 
write today in strict confidence 
to Mr. W. J. Kelly, Div. 69-WP 

COMMUNICATION PRODUCTS DEPARTMENT 

GENERALE ELECTRIC 

Mountain View Road, Lynchburg, Va. 
An Equal Opportunity Employer 
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SOLID STATE 
TECHNICIANS 

ELECTRONIC 

CHEMICAL 

METALLURGICAL 

PHYSICAL 

IBM is seeking technicians to work 
on important advanced areas in 
the Solid State Field. 

Electronic Technicians: with 
breadboard, plus circuit or auto-
mated test equipment experience 
are needed for solid state devel-
opment and application work 

Calibration Technicians: are 
needed with experience in the 
servicing and maintenance of elec-
tric, electronic and electrooptical 
test and measurement equipment. 

Chemical, Metallurgical and 
Physical Technicians: are needed 
to work on semiconductor material 
preparation, high-vacuum technol-
ogy, and material and device 
testing. 

Qualifications: You should have 
a minimum of two years' technical 
school education, plus two or 
three years' technical experience. 

IBM offers company-paid reloca-
tion, stable employment, liberal 
benefit plans, company-sponsored 
education program, nearby de-
gree study, tuition refund, ad-
vancement based on merit and 
performance. IBM is an Equal 
Opportunity Employer. Salaries 
are commensurate with education 
arid experience. 

For a prompt reply, please write, 
outlining your background and 
interests, to: 

R. S. Ackerman 
IBM Corporation 
Dept. 554Q3 
South Road 
Poughkeepsie, New York 

IBM 
INTERNATIONAL BUSINESS 
MACHINES CORPORATION 

SALES MANAGER 

For quality line of 

microwave/RF receiving equipment 

Outstanding opportunity for creative, ex-
perienced man to participate in company 
growth 

Require BS degree, minimum 3 years micro-
wave ,12f systems development experience. 

Will pay relocation up to 300 miles. 

Openings also available in engineering and new 
products groups for engineers with microwave com-
ponent and transistor circuit experience. 

Write: David L. McPherson, LEL, Inc. 
75 Akron St, Copiague, Long Island, N. Y. 

COMMUNICATIONS APPLICATION ENGINEER 
Analysis of advanced electronic communication sys-
tems including radio, carrier, telephone. microwave: 

:Oust have design :mil marketing ex. 
pellet. , with commercial and mili• 
too' 

}:ki degree. 5 yrs. est ,. etim 
Send Resume to: 

Microwave Services International Inc. 
Conrtill inn rs 

Rinlle 40 Denville, N. J. 

electronics 
WEEKLY QUALIFICATIONS FORM 

FOR POSITIONS AVAILABLE 

(Continued from page 98) 

NATIONAL CASH REGISTER CO. 91 13 

Electronics Division 

Hawthorne, California 

PHILCO WESTERN DEVELOPMENT LABS. 125 

Palo Alto, California 

SCOPE PROFESSIONAL PLACEMENT 

CENTER 99 

Waltham, Massachusetts 

SNELLING 8. SNELLING 99 

Boston, Massachusetts 

SVERDRUP 8 PARCEL AND ASSOCIATES 

INC. 
St. Louis, Missouri 

99 

14 

5 

16 

7 

SYLVANIA MOUNTAIN VIEW 

OPERATIONS 124 18 

Mountain View, California 

*These advertisements appeared in the 4/13,62 

issue. 

SEARCHLIGHT 
SECTION 

(Classified Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

FOR RESEARCH— 
DEVELOPMENT 8ic 

EXPERIMENTAL WORK 
Over 10,000 different electronic parts: 
waveguide, radar components and parts. 
test sets, pulsera, antennas, pulse xmfrs, 
magnetrons. IF and pulse amplifiers, 
dynamotors. 400 cycle xmfrs, 584 ant. 
pedestals, etc. 

PRICES AT A FRACTION OF ORIGINAL COST! 

Visit or Phone— 

COMMUNICATIONS EQUIP CO. 
343 CANAL ST., N. Y. 13, N. Y. 

( Formerly at 131 bberly St 1 

CHAS. ROSEN, WOrth 6-4045 

Years of Sales Success 
in Electronics Products 
NEW YORK • NEW JERSEY 

PENNSYLVANIA 

KENNETH E. HUGHES Co., Inc. 
4808 Bergenline Ave., Union City, N. 

EFFECTIVE 

ENGINEER 

RECRUITMENT 

ADVERTISING 

DEPENDS ON 

ENGINEERING 

READERSHIP 

Where your recruitment 

program calls for qualified 

engineers in the electronics 

industry, there is no more 

efficient method of reach-

ing them than through the 

pages of the publication 

they pay to read. 

electronics 
Classified Advertising Division 

Post Office Box 12 

New York 36, N. Y. 
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INDEX TO ADVERTISERS 

(>1T1ri) 

Audited Paid Circulation 

Allison Laboratories. Inc  
• Arnold Engineering ('o., The  
• Art Wire & Stamping ('o  

Atlas Prevision Products Co  

Bausch & Lomb. Inc  
• Bendix Corporation 

Red Bank Division  
• Hirt«.tier Corporation. The  

• Boonton Radio Corp  
• Hussman!' Mfg Co  

• Cannois Electric Co  
• Ceiro-Constantine Engineering 

Laboratories   
Cotninco Produets, Inc  

• Constantine Engineering 
Laboratories   

• Couch Ordnanre Inc  

25 
72 

19 

55 

66 
so 

66 
86 

Data-Control Systems, Inc  8 
De Kalb County  93 
duPont de Nemours & Co., Inc.. E. T.. 71 

Eastman Kodak Co  
• Eitel-McCullough, Inc.   

Federal Electric Corp. 

General Radio Co  
Globe Industries Inc  
Greater St. Petersburg Chamber of 
Commerce   

53 
6 

18 

2nd Cover 
87 

24 • Raytheon C pony   23 
5 Reliance Electric & Engineering Co  77 

87 Research Inc.   62 

101 

• Semi-Elements 10C.   73 
34 • Sorensen & ('o  63 

Sperry Electronic 'rube Div. of Sperry 
Rand Corp.  3rd Cover 

Sprague Electric Co 4 31 
Stackpole Carbon Co  59 

Tektronix, Inc.   
Texas Instruments Incorporated 
Transistor Products Division  

U. S. Components. Toc  

Virginia Dept. of Conservation & 
Economic Development   

Virginia Electric & Power ro  

Waltham Precision Instrument Co. Inc  
Camblock Division   

• Ward Le nnnnnn rd Electric Co  
Western Electric Laureldale Plant  
Westinghouse Corp.   
\Vint'?   

• 

13 

95 

35 

67 

14 

90 

91 
88 
54 
97 

58 MANUFACTURERS' REPRESENTATIVES 

Hughes, Kenneth   96 

• Hart Manufacturing Co  84 
!leiland Division. Minneapolis-
Honeywell   

• Hewlett-Packard Company. 11, 74. 75 
IToffman Electronics Corp 
Hughes Aircraft Co. 
Aerospace Division   76 

65 

9 

Industrial Exhibitions. Ltd   92 
International Telephone & Telegraph 
Corp.   79 

• Kearfott Div. General Precision Inc 81 
• Repro. Inc.   61 

Leach Corporation   
Leeson,' Corp.   
Levin and Son, Inc., Louis  87 
Littelfuse 
Lockheed Missiles & Space Co 26. 27 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT OPPORTUNITIES.95. 96 

EQUIPMENT 

(Used or Surplus New) 

For Sale   96 

INDEX TO CLASSIFIED ADVERTISERS 

American Machine & Foundry 
CommtnY   

57 • Communirations Equh •nt Co  

General Electric. 
Condminication Products Dept  

24 Intgomationid 'Business Machines Corp  
Lel In,.   
Microwave Services International Inc  

73 Scope Professional Placement Center  
Snelling & Snelling  
Sverdrup & Parcel and Associates Inc  

73 

Magnetico Inc.   
Mallory and Co., P. R 16 37. 52 
McGraw-Hill Book Co. 

• Methode Electronics Inc 
• Microswitch. Div. of Honeywell 16. 17 
• Microtran Company. Inc  77 
• Mils I Electric Co.. Ltd  96 

• North Atlantic Industries Inc  
Norton Company 

18 
88 

83 

• 

95 

96 

95 
96 
96 
96 
95 
95 
95 

• See advertisement in the July 20, 1961 issue 

  15 of Electronics Buyers' Guide for complete line of 

products or services. 

• OKI Electric Industry Co., Ltd  77 

• Permag Corp.   

Radiation Inc.   
• Radio Corporation of 

America  08, 69, 4th Cover 
Ita ,.‘ hem Corp.   

96 

59 

22, 33 

This index and our Reader Service Numbers are pub. 
Deed as a service. Every precaution is taken to make 
them accurate. but ELECTRONICS assumes no 
responsibilities for errors or omissions. 

PRECISION-EERED 

DIFFERENTIALS 

CERTIFIED RELIABILITY • • • 

AVAILABLE FROM STOCK 

Precision-eered to provide Nth 
degree accuracy APPCO differen-

tials offer the most complete range 
of sizes, lost motions and end 

gears. Plus, various dimensions 

between end gears . available 

in aluminum and stainless steel. 
APPCO Precision-eered Differ-

entials can be supplied in both 
the shaft and hollow shaft types 

of Y32", 1h3", YU" and 1/4" shaft 

sizes with one and two pinions. 

All ore certified for precision . • • 
sealed in plastic for protection. 

Write for complete details and 

catalog to • • • 
ATLAS PRECISION PRODUCTS CO. 

Castor & Kensington Avenues 
Philodelohio 24. Pe. Div. Prudentiol Industries. ten. 

APPCD 
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electronics 

Notice to subscribers . . . 

RECENT INQUIRY 

DELAYS DUE TO 

CHANGE OVER 

TO SPEEDY, 

SAME-DAY SERVICE 

Processing of electronics 

reader inquiry cards has 

been transferred recently 

to high-speed computers 

at a new location. 

During the transfer, some 

delays occurred, and 

your cards did not reach 

the advertisers with our 

usual promptness. 

Should you experience a 

delayed response to re-

cent inquiries, it was oc-

casioned by the change 

over process, and is in 

no manner the fault of the 

advertiser. 

We are back on schedule, 

servicing all cards on a 

current daily basis. 

electronics 
‘,11, 

ABC 
A McGraw-Hill Publication, 

330 Weq end St., N. Y. 36 (18P 

ABC 

Audit Bureau 

of Circulations 

Associated Butane., 

Publ rations 

Audited Paid Circulation 

R. S. QUINT: 
Ass;stant Publisher Buyers' 
Guide and Business Manager 

FRED STEWART: 
Promotion Manager 

B. ANELLO: 
Market Services Manager 

JAMES T. HAUPTLI 

Advertising Sales Manager 

RICHARD J. TOMLINSON: 
Production Manager 

GEORGE E. POMEROY: 
Classified Manager 

HUGH J. QUINN: 
Circulation Manager 

ADVERTISING REPRESENTATIVES 

NEW YORK (36): 
Donald H. Miller, Henry M. Shaw, 
George F. Werner 
500 Fifth Avenue, 10-4-3000 

(area code 212) 
BOSTON (16):  

William S. Hodgkinson, Donald R. Furth 
McG-ow-Hill Building, Copley Square, 
Congress 2-1160 (area code 617) 

PHILADELPHIA (3): 
Warren H. Gardner, William J. Boyle 
6 Penn Center Plaza, LOcust 8-4330 

(area code 215' 
CHICAGO (11): 

Harvey W. Wernecke, Robert M. Denmeod 
645 North Michigan Avenue, Mohawk 4-5800 

(area code 312) 
CLEVELAND (13): 

Paul T. Fegley 
55 Public Square, Superior 1-7000 

(area code 216) 
SAN FRANCISCO (11): 

R. C. Alcorn 
255 California Street, Douglas 2-4600 

(area code 415) 
LOS ANGELES (17): 

Peter S. Carberry, Ashley P. Hartman 
1125 W. 6th St., Huntley 2-5450 

(area code 213) 

DENVER (2): 
J. W. Patten 
Tower Bldq., 1700 Broadway, 
Alpine 5-2981 (area code 303' 

ATLANTA (9): 
Michael H. Miller, Robert C. Johnson 
1375 Peachtree St. N.E., Trinity 5-0523 

(area code 404) 

HOUSTON (25 
Joseph C. Page, Jr 
Prudential Bldg., Holcomb Blvd , 
Jackson 6-1281 (area code 713 

DALLAS (1': 
Frank Le Beau 
The Vaughn Bldg., 1712 Commerce St. 
Riverside 7-9721 (area code 214) 

LONDON Wl: 
Dennis McDonald 
34 Dover St. 

FRANKFURT/Main: 
85 Westendstrasse 

GENEVA: 
Michael R. Zeynel 
2 Place du Port 

"Headquarters for Business Information" 

McGraw-Hill Technical and Business Publications 

American Machinist Metal-
working Manufacturing 

Aviation Week and Space 
Technology 

Business Week 
Chemical Engineering 
Chemical Week 
Coal Age 
Construction Methods and 

Equipment 
Construction Daily 
Control Engineering 
Electrical Construction 

and Maintenance 
Electrical Merchandising Week 
Electrical Newsletter 
Electrical West 

Electrical Wholesaling 
Electrical World 
Electronics 
Engineering Digest 
Engineering and Mining Journal 
E & MJ Metal and Mineral 

Markets 
Engineering News•Record 
Factory 
Fleet Owner 
Industrial Distribution 
National Petroleum News 
Nucleonics 
Nucleonics Week 
Platt's Oilgram News 
Platt's Oilgram Price Service 
Power 

Product Engineering 
Purchasing Week 
Science Week 
Textile World 

Overseas only: 
Automobile International 

(English, Spanish) 
Ingenieria International 
Construccion (Spanish 

International Management 
(English, Spanish 
Portuguese editions) 

Metalworking Production 
(Great Britain) 

Available by subscription only — to qualified persons actively engaged in the field of the publi-

cation. For subscription rates and information describing the editorial coverage of any of the 
above publications, write to: Subscription Manager, Circulation Department, McGraw-Hill Pub-

lishing Company, 330 West 42nd Street, New York 36, N. Y. 
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ACTUAL 
SIZE 

- - 
microwave mem 10 

Now .... SPERRY packs 
10 W output, 60 db gain 
into a 10 cu. In. TWT 

Because of the space age demand for 
smaller, more rugged components with 
outstanding performance characteristics, 
the new STX-186 is now available on 60-
day delivery from Sperry Electronic Tube 
Division. 

This new X band traveling wave tube 
is ideally suited to the rigors of aerospace 
application. It delivers a minimum 10 
watts of CW output across X band, at 
gain levels up to 60 db. Yet it is only 
101/2 inches long, weighs only 12 ounces, 
and occupies only 10 cubic inches of pay-
load space. Rugged metal-ceramic con-
struction enables the PPM focused STX-
186 to withstand the shock, vibration, and 
altitude extremes of the most demanding 
aerospace environments. 

Designers can realize maximum bene-
fit from the tube's small size by adapting 
mounting and cooling arrangements to 
meet specific environmental demands. 
Cooling may be air, heat sink, or liquid. 

BROAD APPLICATION POSSIBILITIES 

In addition to its small size and phy-
sical ruggedness, the STX-186 boasts per-

''14'....,........s.... _77.7„.........".• 
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Typical drive curve STX-186 at 9 Oc 

formance characteristics that open a 
broad range of application possibilities. 

Across the entire band of 7 to 11 
Gc, this new TWT delivers a minimum 
10 watts CW at up to 60 db gain. The 
dynamic range of broadband signal 
amplification extends 25 db below satura-
tion. These characteristics make the STX-
186 eminently suitable for rocket, drone, 
and aircraft application in radar aug-
menter, ECM, or comunications systems. 

IMMEDIATE AVAILABILITY 
Sperry is now producing the STX-

186 in quantity, and limited numbers 
are available within 60 days of receipt 
of order. 

A NEW TECHNICAL BROCHURE, 
WHICH DESCRIBES THE CHARAC-
TERISTICS OF THE STX-186 IN DE-
TAIL, IS NOW AVAILABLE. FOR 
YOUR FREE COPY, WRITE TO 
SPERRY ELECTRONIC TUBE DI-
VISION, SEC. 120, GAINESVILLE, 
FLORIDA. 

To avail yourself of the outstanding 
performance of this new tube, place your 
order now. Your Cain & Co. salesman, 
who represents Sperry Electronic Tube 
Division, will be happy to provide ap-
plication assistance and quotation. Or 
you may communicate directly with us 
at Great Neck, N. Y. 

ELECTRONIC 

TUBE 

DIVISION 

GAINESVILLE, FLA. / GREAT NECK, N. Y. 
SPERRY RAND CORPORATION 



RCA is now incorporating the unique properties of 
fiber optics into customized Vidicons, Image Orthi-

cons, and Oscillograph Tubes. 

Light images from special fiber-optics systems can 
be "piped" into fiber-optics camera tubes thus 
opening many new applications to the inherent ad-
vantages of television. 

The pickup of remote or otherwise inaccessible in-
formation, and direct contact read-out and print-
ing are new possibilities. 

Already in use in such areas as medicine, high-
speed printing, encoding and decoding, and fac-
simile, fiber optics may solve your specific sensing 
and display requirements. Consult RCA about them. 

For further information, write: Marketing Manager, 
RCA Electron Tube Division, Lancaster, Pa. 

NOW-SOPHISTICATION IN IMAGE CONVERSION 

The Most Trusted Name in Electronics 




