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Ingenious, ultra-convenient...

NEW(1p)196A OSCILLOSCOPE CAMERA

combines every feature you've wanted

FULL-SIZE, DISTORTION-FREE
PICTURES. Full picture area
may be scaled.

SHARP, CLEAR PICTURES,
JUST LIKE CRT ITSELF. New
f/1.91ens has a flat field.

ADJUST CAMERA ON SCOPE.
Not necessary to remove camera
to set f-stop and shutter.

SIMPLE, ONE-HAND MOUNT-
ING. Easy clamp mounts camera
on scope with “quick-lock” tab.

MULTIPLE EXPOSURES ARE
EASY. With one hand, move lens
through 11 detented positions.

EASY TAB PULLING. Polaroid®
Land Camera back is securely
fastened.

INSURED AGAINST LIGHT
LEAKS; uses professional cam-
era bellows.

WEAR GLASSES? Keep 'em o0i
while viewing image with both
eyes.

Up to 11 equally spaced Two 4 x 10 cm field New -hp- 196A Camera
exposures available exposures. No overlapping on -hp- 120A Oscilloscope

The new % 196A Oscilloscope Camera is the
most convenient means yet devised for re-
cording oscilloscope traces. Operation is ex-
tremely simple and swift; loss of film from

light leakage is eliminated; mounting and
unmounting takes just seconds; the entire
unit is light weight, rugged, compact, yet a
precision instrument in every respect.

Check the specifications below, and ask vour ® representative for demonstration on your oscilloscope.

Object/Image Ratio: 1 to 0.9. (Adjustabie to 1:1
ratio)

Lens: Wollensak 3” (75 mm)
£/1.9 Oscillo-Raptar

Shutter: Alphax =3. Time, Bulb,
1/100, 1/50, 1/25,
1/10, 1/5,
1/2, 1 second

Print Size: 2-7/8” x 3-13/16”

Film: Polaroid = Land types 42, 44,
46, 46-L.

Size: 1312” long, 914” high,
10” wide
Weight 9 Ibs.

Accessories Available:  Carrying case, Tektronix
adapter

Price: $425.00

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

HEWLETT-PACKARD COMPANY

1006A PAGE MILL ROAD ¢ PALO ALTO, CALIFORNIA, U.S.A. » CABLE “"HEWPACK' « DAVENPORT 5-4451
HEWLETT-PACKARD S.A., RUE DU VIEUX BILLARD NO. 1 ¢ GENEVA, SWITZERLAND « CABLE “HEWPACKSA" « TEL. NO. (022) 26. 43. 36

® REG. T. 11, POLAROIO CORP., CAMBRIDGE, MASS. Field representatives in all principal areas 6035

WORLD LEADER IN PRECISION TEST INSTRUMENTATION
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"We grew too fast for our bank”

hen he was fourteen years old, Jim McClain

carned pocket money by rewinding motors and
transformers. Thirteen years later James FErnest
McClain, with very little capital but lots of know-how
and drive, started his own business, specializing in the
repair of distribution transformers.

In its first year, ESCO Manufacturing Company, of
Greenville, Texas, consisting of 27 years old McClain
and a hired mechanic, grossed $35,000, netted $7,000.
Last year, gross was several millions, and net profit,
correspondingly substantial.

" In the early years the local bank was able and willing
to supply all the credit that Esco needed. But the growth

2 CIRCLE 2 ON READER SERVICE CARD

Subsidiaries ;

was so rapid and the matching need for working capital
so great, the local bank wasn’t quite able to go along.
So Mr. James Ernest McClain, then head of a company
grossing better than a half million dollars, and not
willing to dilute his equity or surrender any voice in
management, turned to Textile Banking Company for
financing cooperation and advice.

Mr. McClain says: “In addition to the advantages
we enjoy in using TBC’s funds as equity capital, and
the savings we effect in eliminating credit losses and the
cost of a credit department, there is perhaps an even
greater advantage. Though we are far away from the
industrial and financial centers, we have the privilege
of being able to call on TBC’s experienced executives
for advice in solving many problems, financial and
otherwise. Their experience, their contacts, their ability
to supply us with nation-wide credit information usually
give us the right solution.”

At TBC, we don’t work miracles. We help growing
companies, whose sales exceed $500,000 annually, meet
all the capital needs of rapid expansion, without
surrendering any management control, or without
any dilution of profits. If you want to know more

about how we do it,
write for a free copy
of our new booklet,

How to get the CASH
“How to get the cash

to keep your business growing!

to keep your business )

growing.”

extile Banking Company, Inc.

55 Madison Ave., New York 10, N.Y.

T.B.C. Associates, Inc., New York, N.Y.
Southwest Texbanc, Inc., St. Louis, Missouri
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SHOPTALK . . . editorial

UNDERWATER EXPLORATION. Recent highly publicized prep-
arations for sending man into space have overshadowed another
new frontier: the four-fifths of the earth’s surface that lies under
oceans.

The advent of nuclear-propelled submarines that can remain sub-
merged for months on end has made man more of a sea creature.
The dim, unknown undersea world may provide farms to enhance
the world’s food supply, mines and oil fields to replenish mineral
resources, trade routes free from storms, and possibly the battlefield
of a future war.

Nearly every important maritime power is devoting major effort
to oceanography these days. And electronic equipment is playing an
important role. The Oceanographic Congress held at the United
Nations in New York early this month brought scientists and their
ships and equipment and ideas from all over the world.

Associate Editors Janis and Solomon teamed up to cover the event.
They attended technical sessions, interviewed delegates in hotel
rooms, climbed over oceanographic vessels berthed nearby. They
talked to everyone in sight from Edgerton of M. I. T. and Hershey of
Woods Hole Oceanographic Institution to Second Mate Belyushov of
the USSR oceanographic vessel Mikhail Lomonosov.

For a story of ships that are really floating electronics labora-
tories see p 18. And watch forthcoming issues of ELECTRONICS for
engineering details on the latest equipment developed especially for
underwater exploration.

Coming In Our September 25 issue . . .

THE EYES HAVE IT. An interesting branch of medical electronics
is pupillography, in which the pupillary movements and reflexes
caused by light changes, near vision and various psychosensory
stimuli are recorded and analyzed. Such analysis can yield valuable
insight into the condition of the lower brain and brain stem, which
is ordinarily difficult to examine. Now George W. King, of General
Precision Labs in Pleasantville, N. Y., has devised an electronic
pupillograph with direct-writing features that eliminate complex,
time-consuming operations necessary with some previous instruments
of this type.

The device can plot pupillary diameters with an accuracy of 1
percent.

SIMULATING RADAR ECHOES. Authentic simulation of radar
echoes from wooded terrain and metorological phenomena has been
hampered by the difficulty of reproducing the particular statistical
and spectral properties of reflections from this class of targets.
J. Atkin of Columbia University’s Electronics Research Labs and
H. J. Bickel and M. Weiss of the Federal Scientific Corp. in New York
describe a device that generates Rayleigh-distributed clutter which
produces audio fluctuation rate of the video at constant range.
Key components are an ultrasonic delay line memory and a 30-mc
Gaussian noise source.

NEW SYNCHRO APPLICATIONS. Several unusual uses for syn-
chros have evolved from the development of test equipment in the
Army’s missile program. These unusual ways to use synchros,
described by D. J. Salonimer of the Missile Electronics Laboratory
at Redstone Arsenal, include a difference-frequency generator and
a direct-reading frequency deviation meter.

SEPTEMBER 18, 1959 + ELECTRONICS



when it
comes to

REVERSE
RECOVERY

SOME

actual size

Raytheon Diffused Junction
Silicon Rectifiers provide the
precise junction gradient
necessary for many SOME
applications. Operating
temperature range is from
minus 65° C to plus 165° C.

Available in stud and wire-in
types having a wide range of
characteristics, meeting MIL
specifications.

Available NOW,
in production quantities.

SOME

SEMICONDUCTOR DIVISION

SILICON AND GERMANIUM DIODES AND TRANSISTORS
SILICON RECTIFIERS + CIRCUIT-PAKS

New York, Ploza 9-:3900 : Boston, Hlllciest 4.6700
Chicago, NAtional 5-4000 « Los Angeles, NOrmandy 5.4221
Baltimore, SOuthfield 1-1237 « Cleveland, Winton 1.7716
Kansas City, Ploza 3-5330 « Orlando, GArden 3-1553

San Francisco, Fireside 1-7711
Government Relations: Washington, D.C., MEtropolitan 8-5205

B{UIN RAYTHEON Reliable SILICON RECTIFIERS give you
fast start — fast rise

ELECTRONICS - SEPTEMBER 18, 1959
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_ Small Component
" Packaging Problem?

Gilbert Plastics’ fine quality rigid boxes ‘ ‘

are the perfect showcase for small elec-

tronic parts and components. They are ,
available from stock in a large variety |

of compartment designs or to your i /
specifications.

Gilbert Plastics’ boxes provide 100%
\rlSlblllly . . . are lightweight and ex- CONSULT OUR ENGINEERING DEPARTMENT
tremely durable . . . and are approved ,
for Military specifications. They faeili-
tate inventory control . . . selection of
small parts ... and reduce shipping costs.

Our staff of packaging designers
s always at your service to
help solve all of your plastic
packaging problems.

Write Dept. E for samples, catalog
and price list.

ILBERT

PLASTICS, INC.

Manufacturers of Fine Plastic Packaging

Executive Offices & Factory: BORIGHT AVENUE, KENILWORTH, N. J. s BRidge 2-6400
Canadian Distributor: TWINPAK, LTD., 6525 Somerled Ave., Montreal, Quebec.
British Affiliate: i-to-l PLASTICS, Bridge Close, Romford, Essex, England.
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AMPEX PRECISION NOW ‘LOCKED IN’

Lose the precise alignment of tape guiding and driving
components in an instrumentation recorder and you lose
the fine edge of designed-in performance. As alignment is
lost, flutter and skew set in.

In the new Ampex FR-100B analog recorder, the pos-
sibility of misalignment—even under conditions of shock
and vibration incidental to shipment or installation — is
now eliminated by a framework of three precision castings
with machined 'V’ mating surfaces that lock all critical
parts into a single rigid unit. The result: an instrumenta-
tian recarder with buiit-in performance and reliability that
stays buiit in.

Other advanced features: 1. A unique electrical hold-
back system keeps tape tension constant within narrow

limits, reducing flutter and eliminating mechanical feed-
back of speed variations. 2. Modular plug-in amplifiers
and power supplies give quick versatility for direct, FM
carrier, PDM, and NRZ digital recording. 3. Front-panel,
four-speed switching over a six-speed range from 174 to
60 ips allows flexibility in selecting upper frequency limit
for maximum tape economy.

These and other features of the new Ampex FR-100B
add up to unmatched performance and reliability. The full
story is available in the new Ampex FR-100 brochure.

AMPEX

CORPORATION

AMPEX INSTRUMENTATION,
934 Charter Street, Redwood City, Calif.




Sola reduces prices on *1% static-

An important advance in the field of
voltage regulation is the development of
a new line of Sola Standard Constant
Voltage Transformers with sinusoidal out-
put. New design enables us to price them
about the same as previous models not
having sine-wave output. Now you can
have the advantages of +19, static-mag-
netic voltage regulation in new applica-
tions requiring harmonic-free input where
previously the cost was a deterrent.
These new units provide output voltage
regulation of =19, for line voltage varia-
tions as great as +15%. They regulate
automatically and continuously. Fast re-
sponse time averages 1.5 cycles or less.
Output has less than 39 total rms har-

Sola Sinusoidal type

for universal application,

now moderately priced

Housed unit with mounting plate typical of
structures employed in 60va to Tkva ratings.

monic content, and formulae based on
sinusoidal wave shape may be used in de-
signing related load circuitry,

Design and production innovations
make these new units substantially smaller
and lighter than previous models. They
are relatively compact compared to other
equipment for comparable ac voltage regu-
lation. They are easy to select and order
—the buyer merely selects the stock unit
whose output capacity equals or exceeds
the desired equipment input. Sola Stand-
ard Sinusoidal CV Transformers are avail-
able in nine stock output ratings from 60va
to 7500va. Custom designs to meet special-
ized requirements are available in produc-
tion quantities.

Write for full information

With electrical control systems and components continuing to in-

Sela Constant
e Yoltage Transformers

crease in number and complexity, and imposing more rigid reliability
requirements, these new Sola Constant Voltage Transformers provide

many advantages and virtually unlimited application. They are the

Electrical and

result of over four years of development, design, and production engi-
neering in the Sola laboratories and plant.

These developments mean superior voltage regulation, giving you

a bonus in equipment reliability and performance at no increase in cost.
For full information, please write for technical literature on Sola
Constant Voltage Transformers, We will mail it promptly, or if you

. wish, we will have a representative call on you.

CIRCLE 8 ON READER SERVICE CARD
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Re-design of Sola ‘“Normal-Harmonic”
type static-magnetic voltage regulators
has resulted in a significant reduction in
their size and weight. Prices on many of
these units have been reduced. Now it’s
possible for you to improve equipment
performance by using them in many new
fields at less cost than ever before. Re-
design has in no way sacrificed the per-
formance of these units—they provide all
the outstanding benefits which have made
them the standard of the industry for
more than fifteen years.

Sola Normal-Harmonic type voltage
regulators provide =19, output voltage

magnetic voltage regulators

Sola Normal-Harmonic type

-now specifically designed and

priced for component use

End-bell unit with separate capacitor typical
of structures engineered for component use.

with line voltage variations as great as
#+15%. This group has an average of 149,
total rms harmonic content in its output
voltages and is suited to equipment not
extremely sensitive to voltage wave shape.

Sola Normal-Harmonic type voltage
regulators are available in nineteen stock
ratings from 15va to 10kva, including
those mechanical designs specially engi-
neered for use as built-in components.
With many of the most popular ratings
now reduced in price, these Sola Constant
Voltage Transformers provide one of the
most economical means of close voltage
regulation in a broad range of applications.

Constant Voltage Transformers

Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies,
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts

SOLA

A DIVISION OF BASIC PRODUCTS CORPORATION

SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, tHlinois

Sales Offices in all principal cities
IN CANADA, Sola Electric (Canada) Ltd.,, 24 Canmotor Ave., Toronto 18, Ontario
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Because of its wonderful simplicity, more and more governmental
and business organizations are converting to Single Sideband
communications systems by Eldico. In addition to the recognized
advantages of sse—far greater range, increased intelligibility, and
a smaller package—Eldico equipment is engineered for pre-emi-
nence in every way.

A case in point is the Eldico $-100 system, whose 100 watts
minimum peak envelope power is equivalent to approximately
400 watts in aM gear. Use is greatly simplified by Eldico’s preset
channel selector, which requires no tuning by the operator. Only
three “set and forget” controls are needed for operation, and op-
tional remote features permit functioning up to five miles away.

10 CIRCLE 10 ON READER SERVICE CARD

TS IANOM KTIWIS ™

Thanks to Eldico’s antenna tuner, only one antenna is necessary.

Faster communication is enabled by this true duplex system,
with independent receiver and transmitter. It's supremely versa-
tile. too, as the S-100 can be used in all modes of operation: sss,
aM, cw, and—with auxiliary gear—teletype.

The compact unit, which includes a microphone bias supply,
is designed for easy servicing. Best of all, the Eldico $-100 is com-
patible with your existing equipment. Conversion to this ad-
vanced apparatus may be as gradual or prompt as you wish!

[ELDI00) Radio Engineering Laboratories - Inc

Dept E » 29-01 Borden Ave « Long Island City 1, NY
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BUSINESS THIS WEEK
ELECTRONICS NEWSLETTER

RADIO-ENERGIZED HEAT TESTING device re-

Titar’s all-inertial guidance system will use a lightaceight
g §

ported by GE’s Communication Products Dept.
will conecentrate a total of 10 million watts of r-f
energy in a 100 sq ft area in simulating high-
speed flight temperatures. Company savs induc-
tion heating has advantages over infrared lamps,
plasma jets, shock tubes and similar gear in space
vehicle experiments; device can be controlled
like an electronic oven but creates temperature
changes rapidly, says GE. System. dubbed Project
Heat, has been carried out under a multimillion
dollar AF contract. Equipment will be installed
at Wright Patterson AFB where it will furnish
test data to aircraft, missile and spacecraft de-
signers. Forty power loops will be associated
with load matching networks, each capable of
handling 250,000 watts of v-f power at 200 ke to
2 mc frequencies; gear may be extended to 5 me.

Central inertial guidance laboratory that will test and

evaluate components and complete svstems is being
planned by ARDC. Located at the AF Missile Develop-
ment Center, Alamogordo. N. M.. the lab is expected
to be operational by 1963 and will be the first site for
testing advanced inertial guidance systems.

BANK CHECK PROCESSING by means of a new
solid state automatic data processing svstem is
now offered by Burroughs, which just unveiled
its B251 Visible Record Computer. The svstem,
which uses magnetic ink character recognition,
reads information from checks or other papers of
various size. Machine processes the data, then
automatically computes. selects and posts directly
to the customer’s account. Firm savs $217,100
list price or monthly rental of $3,975 will extend
data processing use to banks of all sizes, adds
that the system can also be used for many bank
accounting operations and in compiling statistical
reports. Burroughs says only one person is needed
to operate the system, which is capable of per-
forming 4,000 arithmetical functions a minute.

B-70 INTERCONTINENTAL JET BOMBER will

get its mission and traftic control system from
Motorola’s Military Electronics division under a
multimillion dollar contract from North Amer-
ican Aviation’s Los Angeles division. Amount
was not disclosed. The system includes several
tvpes of communications gear, electronic identifi-
cation units. navigational equipment and elec-
tronic landing aids.

Minuteman reentry vehicle prototype development is be-

ing pushed by the Air Foree with the micard of o £36.-
655.0M) contract to Avea Corp.’s Research and Ad-
vanced Development division.

POLARIS INERTIAL NAVIGATION system for

precisely fixing the missile’s underwater launch-
ing position has completed laboratory tests and
is now undergoing at-sea tests aboard the USS
Compass Islond. System is North American Avia-
tion Autonetics division’s NT7A autonavigator,
which incorporates a 14 cu ft digital computer.

ELECTRONICS - SEPTEMBER 18, 1959

digital computer to be developed by IBM’s Federal Svs.
tems davision for AC Sparkplug. Basic platform design
will be based on the Skipper inertial guidance s»stem
originally developed by MIT’s Instrumentation Lab.

UNDERWATER LIGHTNING device that can store

up electrical energy and release it within 40-mil-
lionths of a second with a force equal to 6,000 hp
is reported by Republic Aviation. The energy is
being used experimentally for certain metal-
forming operations, a principle previously re-
ported (ELECTRONICS, p 24, Oct. 17, '58). Republic
sees explosive forming as 2 potential solution to
high-strength metal problems of advanced air-
craft and space vehicles, says equipment is simple
and inexpensive. Gear consists of a battery of
capacitors, with wires from plus and minus ter-
minals attached to two electrodes immersed in
water. Switch vreleases spark which travels
through water so fast it creates the shock wave.
Firm believes Soviet scientists are experimenting
along similar lines.

SOLID STATE CONTROIL SYSTEM for a steam

generating unit of Union Electric Co., St. Louis,
will be supplied by Hagan Chemicals & Conivols,
Pittsburgh. Contract covers controls for auto-
matic combustion, fuel, air flow. furnace draft,
pulverizer mill suction and pulverizer tempera-
ture. Controls use Hagan’s d-¢ magnetic ampli-
fier; 2! x 5}-in. units are mounted on a control
console with transmitters and power drives lo-
cated at the generator. One rack contains all
other components. System uses 110-volt, 60-cycle
power supply.

Experimental plasma engine at Republic Aviation has

generated 8,000 1bs thrust for one microsecond. Firm
says is expanding research in plasma engines under
contracts from Office of Naral Research and USAF’s
Office of Scientific Research. Work is starting on a
magnetic pinch plasma engine; propulsion needs for
satellite control and interplanctary missions are in-
rolved.

FUSION POWER research grants of $500,000 to

MIT and $300.000 to Harvard University have
been awarded by the National Science Founda-
tion. Independent basic research at each insti-
tution involving more than 100 scientists aims at
possibility of using ionized gases for spacecraft
power.

INERTIAL BOMBING-NAVIGATION SYSTEMS

and ground support gear for SAC’s first wing of
36 B-58 supersonic bombers will be supplied by
Sperry Gyroscope under a $142-million contract
just announced. Tactical support gear accounts
for some $38 million of the contract. Automatic
navigation system uses doppler-inertial and stel-
lar information. permits the Convair Mach 2 plane
to fly inertial for hours. Sperry will also pro-
vide bombing-navigation systems for SAC’s sec-
ond B-58 wing for which the Air Force recently
authorized long-lead time items.

n



BARNSTEAD

BANTAM
DEMINERALIZER

DOES 5 WATER
PURIFICATION JOBS
EMPLOYS 5
INTERCHANGEABLE
CARTRIDGES

BANTAM P
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PRESSURE
— BANTAM

STANDARD CARTRIDGE Produces ion free
water at minimum cost . . . removes 1500
grains as NaCl (1300 as CaCO3).

MIXED RESIN CARTRIDGE For operations
demanding better than 1,000,000 ohms
resistance and neutral pH. Cartridge ca-
pacity is 1230 grains as. NaCl (1050 at
CaCO3). Approximately 35 of cartridge
capacity is million ohm water or better.
ORGANIC REMOVAL CARTRIDGE Removes
organics, organic liquids and gases that
would pass through a demineralizer. Ef-
fective in removing chlorine. Ideal for
pre-treating demineralizer feedwater, for
self-purifying high purity rinse systems
and other processes where organics or
odors in the water are objectionable.
OXYGEN REMOVAL CARTRIDGE Developed
for cooling water loops where it is impor-
tant to maintain low oxygen content to
prevent corrosion. Cartridge removes one
part per million of dissolved oxygen from
2500 gallons of water, or 6.8 liters (9.7
grains) of oxygen at standard temperature
and pressure.

CATION CARTRIDGE Provides (1) precious
metals recovery, (2) radio-active isotope
recovery, at low cost, (3) also useful for
removing volatile amines where heating
plant steam condensate is being used as
the feedwater for a Still, and (4) where
close control over the pH of water is nec-
essary, the cation cartridge in its ammonia
or lithium form is effective.

B Write for Literature
arnstea

STILL AND STERILIZER CO.

19 LANESVILLE TERRACE BOSTON 31, MASS.
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WASHINGTON OUTLOOK

WASHINGTON—MANUFACTURERS MAY NOW RESERVE 20 to 30 percent of
their power and transmitting electron tubes for commercial sales under a
new Commerce Department order.

Power and transmitting tubes were added to the list of other electronic
parts placed on a commercial reserve basis effective Sept. 4. Products
already covered included transistors, crystal diodes, and other types of
electron tubes.

Previously, all production was subject to rated (defense) orders. Com-
panies could not promise commercial deliveries because they never knew
when a defense order might preempt a whole month’s production. H. B.
McCoy, Business and Defense Services administrator, says an increase in
supply permits easing up on restrictions.

In general there is an adequate supply for both commercial and defense
orders. But defense purchasers have sometimes placed large orders all at
once instead of spreading them out. New rules discourage this.

Another practice that had sprung up under the rated orders system was
purchase of one company’s entire output by defense buyers, perhaps
because the product was uniquely superior for defense purposes. This
kept the company completely out of the commercial market.

Military needs are still protected by a monthly review of the market
situation. If overriding military needs are shown, the BDSA can tempo-
rarily set aside commercial sales rights.

® Washington officials concerned with international trade anticipate
a sharper, harder-hitting drive from Japanese makers of radios and
other goods to tap U.S. market.

Reason: A change in U.S. consumer attitude towards Japanese
goods. This was revealed by a detailed analysis of the attitudes of
the U.S. consumer on the quality of Japanese merchandise. The
consumer was asked how he feels about Japanese precision goods as
compared, say, with imports from Germany and England. He also
was asked to compare Japanese products with U. S. items.

Buyers have conflicting attitudes about Japanese products. They
may associate Japanese goods with poor quality in certain contexts.
But 60 percent of those asked believe: “If you know how to judge
a product, you can often find Japanese products which are much less
expensive and just as good as American-made products.”

The report, done for the U.S.-Japan Trade Council, finds that
78 percent of the people questioned in “depth interviews” believe
that Japanese quality is below that of U.S. products—yet one-third
believe they are seeing an improvement in Japanese quality to
perhaps a level close to U.S. quality.

Buyers still don’t associate Japan with radios. When asked “Can
you recall any products you have seen or bought recently which you
recognized as having been made in Japan?”, only 9 percent answered
“transistor radios”—despite the fact that radios are among Japan’s
most important exports to the U.S.

® National Science Foundation has been dragging its feet on develop-
ment of a scientific manpower register and clearing-house, says the
House Space Committee. The committee points out in a report that
less than one percent of NSF’s budget has been devoted to manpower
problems, although the agency’s 1950 charter specifically spells out
the duty to develop a register.

The foundation has, in fact, compiled the beginnings of a register
to be used in national emergencies. It has collected data on IBM
cards in its center at Raleigh, N. C., for some 175,000 scientists—
about half the scientists considered eligible for listing.
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How ? Because Explorer VI's 132 pounds of
electronic components are powered by storage
batteries kept charged by the impingement
of solar radiation on 8,000 cells in the four
sails or paddles equivalent to 12.2 square feet
in area ® Many more of the scientific and
technological miracles of Explorer VI will be
reported to the world as it continues its epic
flight. The STL technical staff brings to this
space research the same talents which have
provided systems engineering and over-all
direction since 1954 to the Air Force Missile
Programs including Atlas, Thor, Titan,
Minuteman, and the Pioneer I space probe.

The scientific data that will some day enable
us to probe successfully to the very fringes of
the universe is being recorded and transmitted
at this moment by the space laboratory
Explorer VI, a satellite now in orbit around
the earth @ This project, carried out by Space
Technology Laboratories for the National
Aeronautics and Space Administration under
the direction of the Air Force Ballistic Missile
Division, will advance man’s knowledge of :
The earth and the solar system ... The magnetic
field strengths in space ... The cosmic ray
intensities away from earth .. .and,

The micrometeorite density encountered in
inter-planetary travel @ Explorer VI is the
most sensitive and unique achievement ever
launched into space. The 29" payload,

STL designed and instrumented by STL in
cooperation with the universities, will remain
‘“vocal” for its anticipated one year life.

Important staff positions in connection with
these activities are now available for
scientists and engineers with outstanding
capabilities in propulsion, electronics,
thermodynamics, aerodynamics, structures,
astrophysics, computer technology, and
other related fields and disciplines.

Inquiries

and resumes

- are
Laboratories, Inc. i
P.O. Box 95004

Los Angeles 45, California

Space Technology
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NORTH ELECTRIC
IR-226 RELAY
SENSITIVE
COMPACT
RELIABLE

hermetically sealed, shock and vibration
resistant, meets MIL-R-5757C

In use in many airborne applications, specified
as a component for power amplification in plate
circuits, this sensitive, compact, reliable North
Electric miniature relay has proven itself in count-
less millions of operations. The IR-226 answers
your requirements for a hermetically sealed, vi-
bration and shock resistant relay that fully lives
up to our 75 year old reputation for advanced
engineering and precision production.

The rotary armature principle incorporated in
this relay, long recognized as THE approach
which affords maximum security against malfunc-
tion due to shock and vibration, was FIRST suc-
cessfully engineered into this type of component
by North Electric.

IR-226 SPECIFICATIONS

GENERAL

Ambient Temperature Range............ -65° C to 4-125°C
Weight. ... ... 3 ounces maximum
Height. <<........13%"” above mounting surface
Width .. o e 1” square
Enclosure...... ... ... .. . . i .. Hermetically sealed
CONTACTS

Arrangement,............ Double Pole Double Throw {DPDT)*
REME0 coo000000000000000000 2 amps—30 volts D.C. resistive
SHOCK TEST .. ... .. i it 50 Gs
VIBRATION TEST.................... I0- 500 cps—at 10 Gs

SPECIAL RELAYS

*Various coil resistances and contact arrangements available.
Va AT J Design may be specified to meet various Military Specifica-

I tions. Contact material available for low-level switching re-

quirements. Write for detailed specifications.

/ NORTH ELECTRIC COMPANY /5
b " 4910 SOUTH MARKET STREET + GALION, OHIO '\‘@;/

Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q.
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FINANCIAL ROUNDUP

New Finance Move Slated

TAKING PART in a quarter-million
dollar financing program for
Narda Ultrasonics Corp., West-
bury, N. Y. Midwest Technical
Development Corp., Minneapolis,
announces it will provide $100,000
of the amount for 6-percent sub-
ordinated notes due in 1964.

The notes will carry five-year
warrants to purchase 16,600 shares
of Narda common stock at $8 a
share. Private sources will pro-
vide the remainder of the $250,000.

Narda is the sixth investment
for MTD, which was founded last
October to specialize in invest-
ments in technically-oriented com-
panies.

e Ampex Corp.,
Calif.,, stockholders have given
final approval to merger plans
with Orr Industries, Inc., magnetic
tape manufacturer. Also approved
is an amendment to the Ampex
stock option plan authorizing an
additional 50,000 shares for which
options may be granted, making a
total of 137,000 shares available
under the plan, or 6.2 percent of
the total shares outstanding.

Redwood City,

e Ling-Altec Electronics, Inc.,
Culver City, Calif.. announces that
all of its outstanding 53;-percent
convertible debentures due Dec. 1,
1970, have been called, as well as
all of its $1 par value 6-percent
cumulative convertible preferred
stock as of the close of business
on the 30th of this month. The
debentures are redeemable at 100
percent plus accrued interest, and
the cumulative preferred stocks
are redeemable at 105 percent of
par plus accrued interest.

e Victoreen Instrument, Cleve-
land, and Tenney Engineering,
Union City, N. J., have called off
merger plans which +were an-
nounced last month. No date for
new plans has been set. A joint
statement by the Lwo companies
attributes the deferment to “in-
creasing volume of business in
both companies, and the work in-
volved in other expansion moves."

ELECTRONICS - SEPTEMBER 18, 1959

¢ General Instrument Corp.,
Newark, N. J., announces forma-
tion of a Thermoelectric Division,
which will occupy itself exclu-
sively with thermoelectric devices.
GIC expects the market for such
equipment to reach $100 million
within five years, and hopes to
capture a share of it through the
new facility, which will operate as
an autonomous division.

¢ American Electronics Labs,,
Philadelphia, manufacturer of
electronie and medical equipment,
reports record net earnings of
$32,940 on sales of $1,164,000 for
the first eight months of this year.
Last year’s earnings for the same
period were $10,240 on total sales
of $728,000.

25 MOST ACTIVE STOCKS

WEEK ENDING SEPTEMBER 4

SHARES
(IN 100’s}) HIGH  LOW CLOSE

Sperry Rand 907 23% 22 2278
RCA 840 63% 58 5918
Avco Corp 723 14 132 137
Intl Tel & Tel 645 34 Y2 3%
Gen Electric 570 8218 712 194
Burroughs 552 31z 30 31l
Gen Tel & Elec 505 3% 71 1%
Elec & Mus Ind 400 73 7 e
Univ Control 394 1812 167 167
Westinghouse 326 93% 894 90v2
Gen Dynamics 321 5018 48 48Y2
Et-Tronics 270 154 13 12
Raytheon 266 a8ss 4512 4578
Texas Inst 244 145 13212 137%
Reeves Soundcrft 236 8% I/ IE
Litton Ind 234 116% 107% 11678
Standard Coil 228 16 14%  15%
Gen Instr 225 26 2% 2B
Philco 209 2614 247 2473
Emerson 193 15% 143 14%
Zenith 187 108% 101 10412
Amer Bosch Arm 173 29% 27% 28

Victoreen 154 15va 14%a 4%
intl Bus Mach 152 425y 40915 4112
Gen Transistor 140 ez Bl Bl

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

No. of fssue
NEW PUBLIC ISSUES to.of e
Radio Frequency Co. 100,000 3
Technical Material Corp. 80,000 ®
U.S. Transistor 180,000 2
Space Components Inc, 200,000 1

#to be announced

STOCK PRICE AVERAGES

(Standard & Poor’s) Sept. 2 Aug.5  Change From
1959 1959  One Year Ago

Electronic mfrs, 87.54 87.95 +67.39

Radio & tv mfrs, 107.26 111.15 +96.37

Broadcasters 96.21 99.29 +41.78

Stromberg-Carlson

|

- “TELEPHONE QUALITY" |

... featuring new high-voltage
types for test equipment or other
high-voltage applications.

THE insulation in the new relays
carries 1500 volts A.C.—three times
normal. These high-voltage models
are available in Types A, B and E.
They are the latest additions to the
Stromberg-Carlson line of twin con-
tact relays—all available for im-
mediate delivery.

The following regular types are
representative of our complete line:

Type A: general-purpose relay
with up to 20 Form “A” spring com-
binations. This relay is excellent for
switching operations.

Type B: a gang-type relay with up
to 60 Form “A” spring combinations.

Type BB: relay accommodates up
to 100 Form “A” springs.

Type C: two relays on the same
frame. A “must” where space is at a
premium.

Type E: has the same character-
istics as the Type A relay, plus uni-
versal mounting arrangement. Inter-
changeable with many other makes.

Complete details and specifica-
tions are contained in our new relay
catalog, available on request. Write
Stroinberg-Carlson Telecommunica-
tion Industrial Sales.

STROMBERG-CARLSON
A oivision or GENERAL DYNAMICS

114 CARLSON RD. «+ ROCHESTER 3, N.Y.
[oes a0 = as=== = i
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VARIAN
Potentiometer
RECORDERS
Used by the thousands

because...

2. PERFORMANCE AT

LOW GOST

As little as $365 for a sensitive,
rugged potentiometer recorder.
Varian Recorders are accurate

to 1% and rugged enough to do

round-the- clock production-
line checkout or round-the-cal-
endar monitoring of long-term

laboratory experiments.

Full-scale balancing time 1 or 2% sec-
onds; weight 15 pounds; ranges from
0-9 millivolts to 0-100 volts; wide
choice of speeds, accessories and
charts, Full specifications and des-
cription of models available by writ-
ing the Instrument Division,

VARIAN

associates
PALO ALTO 1, CALIFORNIA
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MARKET RESEARCH

% of U.S.
Total

ORIGIN OF ELECTRONICS
INDUSTRY SHIPMENTS @y State)

NJ.
PA.

-
=

>
=

CALIF.
MASS.

Source: BDSA

IND.

x 4
- =

2
«
=
=

=z
=
o
]

OHIO
ALL OTHER

State Sales Guide Issued

WHAT ARE THE SALES of electronic
products by states?

Thix is one of the questions most
frequently asked by electronics in-
dustry marketers who use this in-
formation in setting sales quotas,
evaluating sales force performance
and other sales-estimating work.

Consequently. the above chart
which shows estimates of the per-
centages of total industry ship-
ments originating from individual
states, is a valuable industry-mar-
keting tool.

Data comes from Business and
Defense Services Administration,
which has also prepared similar
origin-of-shipments estimates for
electronic equipment, tubes. semi-
conductors and other components.
Information is contained in
BDSA's Midyear Review and Out-
look for 1959 of the Electronic
Industries.

The midyear review estimates
electronics industry sales, exclud-
ing research and development ex-
penditures, will reach $8.5 billion
this yvear, a 20-percent gain over
1958.

The agency’s 1959 sales esti-
mates for industry product groups
are: consumer $1.7 billion, other
equipment $4.0 billion, tubes $0.9
billion, semiconductors $0.3 billion,
other components $1.6 billion. Com-

parative 1958 estimates are: con-
sumer $1.35 billion, other equip-
ment $43.25 billion. tubex $0.79 bil-
lion, semiconductors $0.21 billion,
and other components $1.:34 billion.

e Major manufacturers of mis-
sile guidance and control equip-
ment  produced $602.2 million
worth of equipment in fiscal 1959,
a 35-percent increase over fiscal
1958. Electronic missile ground
support production in the 1959
period was worth $553.1 million,
as against $594.1 million in 1958.
Data was compiled by DOD for
the Dept. of Labor for minimum
wage determination.

Value of electronic aircraft
equipment excluding missiles pro-
duced by major manufacturers
was $612 million in 1959. includ-
ing $146.2 million of special-pur-
pose equipment. [n 1958 produc-
tion was valued at $449.5 million.
of which 867 million was for
special purposes.

FIGURES OF THE WEEK
LATEST WEEKLY PRODUCTION FIGURES

( July Change From
1959

1959 One Year Ago
Television sets 142,162 91 +5.37%
Radio sets, total 287,977 191,895 —1.97%
Auto sets 87,951 47,436 +27.60%
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Bendix engineers use the University's Ford Nuclear Reactor to test radiation resistance of airborne communications equipment.

IN SOUTHEASTERN MICHIGAN:

A SCIENTIFIC CLIMATE FOR THE ELECTRONICS INDUSTRY

The Bendix Systems Division in Ann Arbor is typical of the firms
in this arca which use the extensive facilities of The University of
Michigan to further rescarch and development projects. This is
but one example of how one of several nationally known schools in
the arca helps to create the scientific climate so vital to the clec-

tronics industry.

A climate which stimulates and aids the secarch for knowledge,

Sce. ern Michigan's scientific climate is illustrated by
(left) headquarters for the Engineering Society of Detroit
and for the forty-nine engineering groups which are affil-

Write to Plant Location Service,
Area Development Division

iated with it, {center) The Enrico Fermi Atomic Power Plant
near Monroe, (right) Research Building at the General Motors
Technical Center at Warren, Michigan.

DETROIT EDISON

important as it is, is not all vou'll find in Southeastern Michigan.
A great place in which to live and work, the area also has manvy
communitics which have planned conscientiously and carefully
for their prosperous growth—and vours. These communities are
confident when they extend an invitation to industry-on-the-move
because arca planning has been done under the guidance of
skilled professionals. We would welcome the opportunity to discuss
this subject with you further.

EZRA STOLLER

/
(;autheastem

Michigan—
a Climate
for Scnence

4



Soviet oceanagraphic ship Mikhail Lomanosov in New Yark this month during International Oceanagraphic Congress at UN

Oceanography: Defense Must

Warm water pockets and magnetic fields conceal submarines from

conventional sonar and magnetic detection gear

OCEANOGRAPHIC research and sur-
vey ships of many nations today
ply the seas at will marking out a
no-man’s land of scientific adven-
ture. This great unknown-—some-
times referred to as “inner space”
—might also be the most ecritical
battleground in the event of global
war. Knowledge means survival.

New electronic instruments and
techniques called for by the Navy
and civilian researchers will be the
key to our future knowledge of ma-
rine science. A huge R&D effort
building up in the Defense Depart-
ment is enlisting the support of
newly organized underwater re-
search groups in industry. Here's
why :

There are natural conditions of
the oceans that hide the lurking
submarine and foil the sub hunter.
Two major ones are warm water
masses or flowing “bubbles” inside
larger cold water masses and mag-
netic irregularities beneath the
ocean floor.

Conventional sonar is ineffective
in the warm water pockets. Mag-
netic underwater detection devices
don’t work in areas where the mag-
netic anomalies exist.

The ideal rendezvous for an at-
tacking submarine fleet would be a

18

part of the ocean where both warm
water flow and subsurface magnetic
irregularities are present. Such a
situation exists in a sizeable area
of the Atlantic and in other places.

Hence, the very oceans that pro-
tected the United States through
most of its history now furnish a
would-be aggressor with a safe ave-
nue of attack for his missile-carry-
ing submarines.

Serious Problems

Undoubtedly of grave concern to
U. 8. submarine defense planners,
for example, are oceanographic
facts of life such as these: (1) The
warm waters of the Gulf Stream
flow right through the Atlantic mis-
sile range; (2) a huge, highly-
magnetic subsurface area exists
along the 25th parallel, the Tropic
of Cancer, which also runs through
the Atlantic missile range; and
(3) magnetic irregularities and
warm water flow exist in parts of
the Pacific and near the Panama
Canal.

These conclusions about subma-
rine defense are inferred from
technical reports on peaceful ex-
ploration of the oceans presented
at the International Oceanographic
Congress held recently under UN

auspices, and from chats with
oceanographic experts.

The U. S. has not had a full-scale
oceanographic program or even one
ship designed originally for ocea-
nographic research. U. S. oceano-
graphic work is being done largely
by about 45 small research and sur-
vey ships converted from other
uses. These have been considered
uneconomical by experts.

Defense Department director of
research and engineering Herbert
York recently cited oceanography
as one of two priority areas of basic
research, said the program has been
expanded this year. In 1958 some
$23 million was spent in applied and
basic oceanographic research.

Despite the small effort up to
now, excellent work has been done
and new discoveries made—for ex-
ample, the existence of four great
subsurface currents 1,000 times
greater in flow than the Missis-
sippi.

During the UN Conference sev-
eral small U. S. research ships, the
French Calypso and the Soviet
Mikhail Lomonosov were open to
accredited visitors at a Hudson
River pier. Most sophisticated of
the American research ships, from
the electronics point of view, was

SEPTEMBER 18, 1959 - ELECTRONICS



the USNS Chain, a converted Navy
salvage vessel, now operated for
Woods Hole Oceanographic Insti-
tution.

Chain’s equipment included echo-
sounding gear for profiling the
ocean bottom, a new stereo camera
that can be accurately positioned
by a sound pinger, a winch contain-
ing about 600 ft of chain with about
25 evenly spaced thermistors,
broadband receiving transducers
including Rochelle salt and barium
titanate hydrophones, recording and
tape gear, a new deep-sea telemeter-
ing hydrophone, a sound velocime-
ter and seismic profiling gear.

Soviet Ship Visited

The Mikhail Lomonosor, accord-
ing to its third mate, carries seven
scientists and has been sailing the
Atlantic. The ship itself is much
larger than any U. S. research ves-
sel, was built in East Germany spe-
cifically for oceanography and con-
tains accommodations that are
plush by the standards of its U. S.
counterparts. Its official mission:
to take soundings for compilation
and correction of maps, for profil-
ing sea floor relief and for geomor-
phological analysis.

Electronic equipment shown to
visitors that does this job on the
Soviet ship was of “Model T” vin-
tage in the opinion of some Ameri-
can observers. This equipment was
of both West and East German
manufacture. Shown were three
deep sea echo sounders with accu-
racy of 1-2 percent. One of these
had an additional horizontal oscil-
lator for searching out fish shoals.

The Soviets have a number of
other specially designed oceano-
graphic vessels, the converted sub-
marine Severyanlke (ELECTRONICS,

(Continued on p 21)

German echo

sounder (foreground) is
one of three oboord Soviet aceanogrophic
ship Mikhail Lomonosev, which recently
visited New York. Chort on toble is a
profile of the Atlantic bottom
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What's the
latest score
on cartridges?

yA

( ceramic cartridge

cApwa

‘ST was invented

by Sonotone...

years ago.
Today, Over...

13

A
different manufacturers
have specified sonotone for...

y \

\ models of high-quality

phonographs.
Altogether over...

/ .
K \ Sonotone CeramiC

g 000,000 EZEFmn

replacement purposes.

for original and
\ (Nuff said?)

Sonotone.;

Electronic Applications Division, Dept. CRR-99

ELMSFORD, NEW YORK
In Canada, contact Atlas Radio Corp., Ltd., Toronto

Leading makers of fine ceramic cartridges, speakers, microphones, electronic tubes.
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buys a packaged plan for the future
¢+« With the help of the £tna Life's Business Planning Department

The King Electronics Company is a close corporation manufacturing television
components. The stock of the company is held by President Herbert F. King and
members of his family. They operate the business.

Recently a member of the local Atna Life Business Planning Department explained
how death of a principal stockholder can create major problems. His heirs may be
forced to unload a substantial block of stock to pay death taxes, thus watering down
their control of the corporation. With the help of their £tna Life representative,
attorney and accountant, a plan was developed to avoid this danger by taking
advantage of certain favorable tax legislation designed for just such a situation.

If you own or operate any kind of business, it will pay you to investigate the vital need
for a business continuation plan — and no one is better equipped to serve your in-
terests than the Business Planning Department of your local £tna Life General Agency.

AETNA LIFE

INSURANCE COMPANY
Affiliates: Atna Casualty & Surety Co, « Standard Fire Insurance Co. o Hartford, Conn.
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Oceanography . . .
(Continued from p 19)

p 31, Mar. 20), and probably more

than 30 research and survey ships

converted from fishing trawlers.

Last year the Navy formed the
Oceanic Research Division at the
Navy Ordnance Test Station, China
Lake and Pasadena, Calif. This
group and three other West Coast
Navy labs are studying the factors
that affect sound propagation in the
sea, light scattering and polariza-
tion, infrared radiation phenomena,
hydrodynamics of sea animal loco-
motion, movement of water masses
and problems of exploring the
deepest portions of the oceans.

The program needs both man-
power and new instruments for re-
search. Most of the present instru-
ments available to oceanographers
are relatively bulky, inaccurate and
inefficient for collecting data.

The Navy gives this recently-de-
veloped instrument as an example
of the type of gear it needs: a
transistorized instrument for re-
cording temperature, pressure and
sound-velocity, which permits con-
tinuous measurement accuracies be-
tween 0.001 and 0.0001.

In the area of data processing,
new techniques are needed. Paper
chart records now used yield im-
mediate data but must be hand-
processed. Space limitations sug-
gest use of magnetic tape but
conventional analog methods of
magnetic recording are impractical,
says the Navy.

Research Submarine

This month the UN oceano-
graphic congress heard two men
from the China Lake, Calif., Naval
Ordnance Testing Station outline
a design for a three-man deep-sea
research submarine of 83 tons.

The vessel, designed for explora-
tion at all depths, will undertake
photographic exploration, sounding
and mapping of the bottom, oceano-
graphic measurements relating to
sound waves, temperature and con-
tent of water, and ocean currents,
light propagation, scattering and
polarization.

Overall U.S. oceanographic re-
search efforts are being fostered
by the Committee on Oceanography
formed in 1957 by the National
Academy of Sciences-National Re-
search Council.
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Trichroic mirror (upper left) is part of Bell Helicopter's contact analog display which
shows pilot flight information during ‘blind’ flying

Pilots Get New Display Gear

Army-Navy Instrumentation symposium reveals

marked progress in flight-data presentation

DALLAS, TEX.—Exhibits and
technical papers at the recent
Army-Navy Instrumentation Pro-
gram (ANIP) symposium here re-
vealed real progress in providing
simple, integrated flight data pres-
entation for today’s and tomorrow’s
pilots.

Particular headway is being made
in contact analog and cathode ray
tube type presentations for blind-
flying helicopters; development of
short-range, high-resolution ob-
stacle avoidance radar; an acousti-
cal and electromagnetic air-speed
indicator; new techniques for
design and manufacture of micro-
circuits; development of thermo-
electric materials; and micromag-
netic properties of thin films.

Three Major Areas

Basic objective of the program,
which began six-and-a-half years
ago, is to provide instrumentation,
display and control capabilities for
aireraft, submarines and surface
ships.

The program is broken down into
three major areas of interest: Air,

supervised by Army Signal Corps
and Navy's Office of Naval Re-
search; SUBIC, Submarine Inte-
grated Control, supervised jointly
by ONR and BuShips; and SURIC,
Surface Integrated Control, by
ONR and BuShips.

The aircraft group, which has
been operating longest, is the most
advanced. Coordinator for helicop-
ter/VTOL (Vertical Take-Off and
Landing) work is Bell Helicopter,
which currently has 10 major con-
tractors.

Douglas, coordinator for fixed-
wing ecraft (ELECTRONICS, p 17,
Nov. 20, ’57), today has contracts
with 14 firms.

According to Douglas, hundreds
of millions of dollars worth of use-
ful by-products have resulted from
techniques learned from work thus
far.

Coordinator for SUBIC, Electric
Boat Co., has still not awarded con-
tracts for computers, display gen-
erator, mechanism amplification,
display media and controls.

Sperry Rand, coordinator for
SURIC, has no contracts let to date.
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TWO OUTSTANDING

HIGH-TEMPERATURE

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES
P 10"

For continuous operation at hot-
test spot temperatures up to
200°C (392°F) and up to
250°C(482°F) for short periods
of time—depend upon TETROC
~an all Teflon-insulated wire
available in both single and
heavy coatings.

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

Write for Engineering Bulle-
tins 405 (Tetroc Wires)and
400A (Ceroc Wires).

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

SPRAGUE

THE MARK OF RELIABILITY
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Hospitals: A New

Convention points small but growing trend to-

ward medical acceptance of newer technologies

Now undergaing field tests is Narda Ultrasanics Carp.’s pipette washer

Doctors, head nurses and hospital
administrators attending the Amer-
ican Hospital Association conven-
tion at New York’s Coliseum late
last month had an opportunity to
see some new ways in. which elec-
tronics is serving humanity.
Electronies exhibits at the AHA
show were a small but significant
fraction of the total. They point an
important trend in the medical pro-
fession: a willingness. to explore
the newer technologies and take ad-
vantage of methods originally de-
vised to serve other sciences and

industry.
Item: a high-speed. automatic
blood-cell counter developed by

Coulter Electronics, Chicago. Thig®
device, first discussed at the Na-
tional Electronics Conference in
1956, is now being accepted by doc-
tors and hospitals. Also: such de-
vices as the Laryngostrobe, which
permits doctors to inspect vocal
cords in motion and analyze dy-
namic faults.

New Techniques

Doctors—and hospital adminis-
trators as well-—have traditionally
been wary of electronics, nucleonies
and other advanced technologies.
But increasingly, electronies is lead-
ing the way in new techniques of

diagnosis, hospital safety, adminis-
tration and even therapy.

For example, to get white-cell
counts, lab technicians used to
count diluted blood samples through
a microscope; at best, one techni-
cian could count 20 or 30 samples
a day, with a high sampling error
(about 20 percent) and a fairly
high human error.

The Coulter counter does this job
automatically, making use of the
fact that some diluents are conduec-
tive and white cells are not. An
electrical current is passed through
a hole, 0.1 mm in diameter, in the
side of a test tube. The current
passes between two electrodes, one
inside and the other outside the
tube, by way of the cell suspension.
An external vacuum initiates flow
of the sample through the aperture;
as white cells pass through, they
momentarily raise the resistance of
the circuit, causing a voltage pulse
of amplitude proportional to cell
size. Pulses above a set threshold
are counted in a digital counter.

When two cells pass through si-
multaneously, they count as one.
Resulting error from the instru-
ment’s method is about 2 percent,
and can be discounted through ap-
plication of Poisson distribution
data.

SEPTEMBER 18, 1959 - ELECTRONICS
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Wallace Coulter, who developed
the device, indicates that it can also
be used for counting red cells and
for counting and sizing bacteria.
But so far the medical profession
seems inclined to use it primarily
for white-cell counts to replace the
optical hemocytometer.

Administration and Safety

Hospital safety and administra-
tion are areas in which electronics
has established major beachheads.
There’s no more “calling Dr. Kil-
dare” in today’s hospital, for in-
stance; electronic signaling systems
and paging devices do the job with-
out disturbing patients.

Infrared detectors and chemical
chambers detect smoke and fire to
work fire alarms. And radiological
detectors are found increasingly
frequently in hospitals. Curtiss-
Wright’s “Gamma Sentry,” for ex-
ample, not only warns of gamma
radiation but also dangerous levels
of X-radiation.

Ultrasonic cleaners have been ac-
cepted for hospital use, and now
radiological sterilizing is being sug-
gested to substitute for the steam
autoclave. In a plan proposed by
Curtiss-Wright, sealed cartons of
materials and instruments to be
sterilized would be mounted in a
conveyor belt, pass by and around
a central radiator of cobalt-60 for
cold sterilization by gamma rays.
C-W figures the method should re-
duce labor costs, permit steriliza-
tion of heat-sensitive materials
{plastics, bone grafts, cartilage),
counteract the dangerous and rising
incidence of penicillin-resistant
staphylococcus infections in hospi-
tals by permitting complete ster-
ilization of mattresses and bedding.

Hospital business offices, of
course, are using more electronic
recordkeeping systems. Television
shows up frequently in patients’
rooms, and closed-cireuit tv is gain-
ing acceptance to help nurses keep
watch on corridors or critical pa-
tients. And metering instruments
are in constant evidence on the
pneumatic and hydraulic devices.
the pressure chambers, pumps,
manometers and so forth.
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 New Extended-Life
' Electrolytics

in Miniature
Tubular Case
Styles

o

SPRAGUE
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A new line of extended-life elec-
trolytic capacitors in miniature
tubular case styles has just been
announced by the Sprague Electric
Company. Designed to give more
than 10 years service under normal
operating conditions, these capaci-
tors are similar to Sprague’s famous
extended-life telephone and com-
munications electrolytics. The low
temperature characteristics of the
new Type 40D capacitors give them
broad industrial and military appli-

cation.

Construction of these capacitors
assures freedom from open circuits
even after extended periods of oper-
ation in the millivolt signal range.
Ultra-low leakage currents are the
result of special design and process-
ing techniques based on the use of
the highest purity anode and cath-
ode foils.

For complete technical data, write
for Bulletin 3205 to Technical Lit-
erature Section, Sprague Electric
35 Marshall Street,
North Adams, Massachusetts,

Company,
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MINIATURE
PROKAR™ ‘D’
MOLDED
CAPACITORS

—with a new 125 C dual
dielectric and improved

moisture resistance

Sprague’s improved PROKAR ‘D’
Capacitors meet the need for
smaller tubular capacitors capa-
ble of withstanding 125 C oper-
ation in military, commercial and
industrial electronics.

Key to the improved design is
a new processing technique for
better humidity resistance and a
new dual dielectric which com-
bines the dielectric strength of
the highest grade capacitor tissue
with the effective moisture pro-
tection of plastic film, giving
these miniature units high insu-
lation resistance plus extended
life at 125 C. The new Type 150P
Capacitors are impregnated with
the same exclusive high temper-
ature organic material used in
the original Prokar series which
marked a milestone in molded
capacitor development. Capaci-
tors may be operated at tempera-
tures up to 125 C without voltage
derating.

For complete specifications on
Type 150P Prokar 'D’ Molded
Capacitors, write for Bulletin
2300 to Technical Literature Sec-
tion, Sprague Electric Co., 35
Marshall St., North Adams, Mass.

SPRAGUE’|

THE MARK OF RELIABILITY
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To Assure You Safe,

Trouble-Free Electrical Protection
every BUSS Fuse is electronically tested !

Before a BUSS or FUSETRON fuse
ever leaves the plant, it must meet
our high quality control standards.

Each fuse is tested in a sensitive
electronic device that automatically
rejects any fuse not correctly cali-
brated, properly constructed and right
in all physical dimensions.

Thus . . . by specifying BUSS and
FUSETRON fuses you have one more
way to help safeguard the reputation
of your equipment for service and
reliability,

Complete Line For
All Your Fuse Needs

Single-element fuses for circuits
where quick-blowing is needed.
Single-element fuses for normal

circuit protection.

Dual-element, slow-blowing fuses
for circuits where harmless current
surges occur.

Indicating fuses where signals must
be given when fuses open.

BUSS fuses range in size from 1/500
amperes up — and there’s a companion
BUSS line of fuse clips, blocks and
holders.

If You Have A Special
Protection Problem

The BUSS fuse research laboratory,
world’s largest, plus experience gained
by solving all types of electrical pro-
tection problems for over 44 years — is
on call to you at all times. BUSS fuse
experts will work with your engineers
to help you find the best, yet most
economical solution.

For more information,
write for BUSS bulletin SFB.

BUSSMANN MFG. DIVISION,
McGrow-Edison Co.
University at Jefferson, St. Louis 7, Mo,

BUSS fuses are made to protect - not to blow, needlessly.

BUSS moakes a complete line of fuses for home, farm, commercial,
electronic, electrical, automotive and industrial use.

24 CIRCLE 24 ON READER SERVICE CARD
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ABRASION
RESISTANT

- WATERPROOF

EXTREMELY
DURABLE

CORROSION
RESISTANT

KELLEMS HARD
GRIP ANODIC

STRAIN RELIEF FINISH

Why it pays you to specify

DOUBLE

THREAD

WATERPROOFING
CABLE
ACCESSORY

BENDIX QWL ELECTRICAL CONNECTORS
FOR USE WITH MULTI-CONDUCTOR CABLE

Used extensively on ground launching equipment for
missiles and on ground radar, and other equipment, the
Bendix* QWL Electrical Connector meets the highest
standards of design and performance.

A heavy-duty waterproof power and control con-
nector, the QWL Series provides outstanding features:

® The strength of machined bar stock aluminum with
shock resistance and pressurization of resilient inserts.

® The fast mating and disconnecting of a modified
double stub thread.

® The resistance to loosening under vibration provided
by special tapered cross-section thread design. (Easily
hand cleaned when contaminated with mud or sand.)

® The outstanding resistance to corrosion and abrasion
of an aluminum surface with the case hardening effect
of Alumilite 225 anodic finish,

® The firm anchoring of cable and effective water-
proofing provided by the cable-compressing gland used

Scintilla Division .-

SIDNEY, NEW YORK

ELECTRONICS - SEPTEMBER 18, 1959

within the cable accessory.

® The watertight connector assembly assured by neo-
prene sealing gaskets.

® The additional cable locking produced by a cable
accessory designed to accommodate a Kellems stainless
steel wire strain relief grip.

® Prevention of inadvertent loosening insured by a left-
hand accessory thread.

® The high current capacity and low voltage drop of
high-grade copper alloy contacts. Contact sizes 16 and
12 are closed entry design.

These are a few of the reasons it will pay you to
specify the Bendix QWL electrical connector for the job
that requires exceptional performance over long periods
Of time. *TRADEMARK

Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y.
Canadian Affiliate: Aviation Electric Ltd.,, 200 Laurentien Blvd., Montreal 9, Quebec.
Factory Branch Offices: Burbank, Calif.; Orlondo, Florida; Chicago, lil.; Teoneck, New
Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C.

AVIATION CORPORATION
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THE LEGENDARY FIREBIRD, the Phoenix, rose young
and strong again and again from flames . . . This is
the Norton Firebird . . . symbol of the exciting new
fused materials made in Norton's electric furnaces.

- |

_III Iiﬂ:] lectrochemicq\s
i?ts of the firebird

Helpful booklet on
NITRIDES

and other
electro-chemicals

Like the fabled Phoenix, Norton
NITRIDES acquire their wonder-working
capabilities in intense heat. In electric
furnaces they are chemically formed and
physically ‘“tempered” to the require-
ments of modern industry.

Here versatile BORON NITRIDE attains
the properties of a heat-resistant lubri-
cant, an anti-sticking agent, a high volt-
age and temperature dielectric and an
excellent thermal insulator. TITANIUM
NITRIDE develops characteristics ideally
suited to the requirements of special
crucibles, components and cermets, par-
ticularly resistant to attack by molten
media at elevated temperatures.

Norton NITRIDES have many different
applications. Get facts that may benefit
your own processing problems. Write for
booklet. NoORTON CoMPANY, Electro-
Chemical Division, 953 New Bond Street,
Worcester 6, Massachusetts.

ELECTRO-CHEMICALS

GIFTS OF THE FIREBIRD: compounds of silicon
zirconium « boron ¢ aluminum ¢ magnesium
titanium ¢ chromium . . . including many borides
carbides ¢ nitrides « oxides

MAKING BETTER PRODUCTS
...TO MAKE
YOUR PRODUCTS BETTER
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Computers like this one by Nippon Electric are increasingly important to Jopanese
electronics. From 1952 to 1959, 28 models were developed

Computers Thrive in Japan

The year is far from over, but already Japan’s

computer industry has unveiled 13 new models

JAPANESE DIGITAL COMPUTER devel-
opment is climbing sharply, accord-
ing to information received ex-
clusively this week by ELECTRONICS.

Starting in 1952 with a six-word
capacity unit developed by Electro-
technical Laboratory (comparable
to U. S. Bureau of Standards), Ja-
pan’s computer industry has mush-
roomed. This year alone it has
unveiled 13 new models from 10
different sources.

Several of the 1959 models are
successors to units completed in
1957, when a total of five new com-
puters were announced by four
manufacturers and Electrotechnical
Laboratories. In 1958, six addi-
tional models were introduced. Of
these, two were developed by Japa-
nese universities and four by com-
mercial manufacturers.

Magnetic Drums Popular

A check on the 13 computers in-
troduced this year shows that nine
of them rely on magnetic drums for
storage and four use core matrixes.

One model, called the TAC and
developed in February by the Uni-
versity of Tokyo, uses a Braun
tube. This computer has an access
time of 0.005 microseconds and a
512-word capacity.

Tokyo Shibura in April intro-
duced a model called the TOBAC
IIT which uses a transistor counter

* Dip-soldered modules

for memory storage. This is the
only unit revealed to date in Japan
as having this type of storage.

It’s now estimated Japan is about
five yvears behind the U. S. in com-
puter technology. As a result, Japa-
nese computer users are continuing
to rely on American equipment and
are reluctant to invest in Japanese
gear.

Since the invention of the para-
metron by G. E. Goto in 1954, and
its successful mass production,
Japanese manufacturers are basing
much of their design on this de-
vice. The HIPAC I, completed by
Hitachi, Ltd. in Dec. 1957, uses
4,600 parametrons in its basic cir-
cuitry.

In January of the same vear, Nip-
pon Denshi Sokki, Ltd. introduced
a parametron-based computer, fol-
lowed in March of 1958 by the Uni-
versity of Tokyvo’s PC-1 model
which also uses parametrons.

In all, there are presently eight
different Japanese computer types
using parametrons in their basic
circuitry. Ten models use dynamic
transistor circuits, while the re-
mainder vrely on relays, vacuum
tubes or static transistor operation.

Some designers are using the
pulse regeneration amplifier (so-
called dynamic flip-flop) circuit.
are to be
found in several models.
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MEETINGS AHEAD

Sept. 17-18: Engineering Writing &
Speech, Dual National Symposium,
PGEWS of IRE, Sheraton-Plaza
Hotel, Boston; Ambassador Hotel,
Los Angeles.

Sept. 17-18: Nuclear Radiation Effects
in  Semiconductors, @ USASRDL,
Western Union Auditorium, New
York City.

Sept. 21-25: Instrument-Automation
Conf. & Exhibit, ISA, International
Amphitheater, Chicago.

Sept. 22-24: Industrial Nuclear Conf.,
Armour Research Foundation &
NUCLEONICS (McGraw-Hill), Morri-
son Hotel, Chicago.

Sept. 23-25: Non-Linear Magnetics and
Magnetic Amplifiers, AIEE, ISA,
PGIE of IRE, Shoreham Hotel,
Washington, D. C.

Sept. 28-30: Telemetering, National
Symposium, PGTRC of IRE, Civic
Auditorium & Whitcomb Hotel, San
Francisco.

Sept. 30-Oct. 1: Industrial Electronics
Symposium, PGIE of IRE, AIEE,
Mellon Inst., Pittsburgh, Pa.

Oct. 5-7: Communications Symposium,
National Conf., PGCS of IRE, Hotel
Utica, Utica, N. Y.

Oct. 5-9: Society of Motion Picture &
Telev1slon Engineers, Annual Con-
vention, Statler-Hilton Hotel, New
York City.

Oct. 12-14: National Electronics Con-
ference, AIEE, EIA, IRE, SMPTE,
Hotel Sherman, Chicago.

Oct. 12-16: Aeronautics and Space
Administration Inspection, NASA,
Langley Research Center, Norfolk,
Va.

Oct. 19-21: National Academy of
Sciences, Research Council, URSI,
IRE Fall Meeting, El Cortez Hotel,
San Diego, Calif.

Oct. 28-29: Michigan Industrial Elec-
tronics Exposition, Electronies Rep-
resentatives, Inc., Detroit Artillery
Armory, Oak Park, Mich.

Mar. 21-24, 1960: Institute of Radio
Engineers, National Convention,
Coliseum & Waldorf-Astoria Hotel,
New York City.

There’s more news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-

BRADLEY SEMICONDUCTOR CORPORATION

Formerly Bradley Laboratories Inc.

ginning on p 68,

ELECTRONICS - SEPTEMBER 18, 1959

IMSYLATED BASE

a new solution to an old rectifier problem

The first engineer who “integrated” an eraser
with a pencil inspired Bradley’s latest
accomplishment. Our boys took a hard look at
the mess of washers, grease, and sundry
hardware required in a conventional rectifier
heat sink assembly, and decided to make
engineering history again. Between coffee breaks,
they tested 163 varieties of alumina-loaded
ceramic wafers, found the right combination of
electrical insulation + heat transfer
characteristics, and brazed together a one-piece,
insulated base rectifier that cuts assembling
labor, shrinks bridge size, and out-performs other
heat sink methods. If you’d like to unfold the
sheet that bares the facts about our new 6 and
12-amp REDTOP® rectifiers, drop us a card.,

275 WELTON STREET, NEW HAVEN 11, CONNECTICUT
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THE TROUBLE

WITH PRINTED

CIRCUITS —

AND HOW CDF
WORKS TO SOLVE IT

The honeymoon is long since over: sup-
pliers and manufacturers are engaged
now in the humdrum activity of making
printed circuits work. The industry
found in time that there was still a long
way to go before the magic of printed
circuitry was proved incontrovertibly in
practice. The truth: Too many mass-
produced printed circuits simply were
no good. Why?

The trouble was not in the theory. Or
in approved manufacturing techniques.
It lay—and still lies—in raw materials,
primarily in the consistency of quality
of base laminates.

We're not here to say that CDF has a
totally rosy record in this field. No, we've
had our share of failures along with our
many triumphs. In fact, our failures dur-
ing the early years of copper-clad lami-
nates taught us certain important things
that our competitors have yet to learn.

But we do emphasize this: We've
made—and are still making—great prog-
ress at CDF in licking problems that
have beset the printed-circuit producer
and the printed-circuit user in obtaining
top-quality laminates on every order,
regardless of grade.

Here, for example, are a few areas
where CDF R&D has been particularly

1. Consistent quality. A major cause
for printed-circuit rejects has been de-
lamination and blistering of the base
laminates when subjected to high tem-
peratures in processing. New develop-
ments in CDF raw-materials control
promise a heartening break-through
in this respect. Also, CDF technical
personnel are engaged in counseling
circuit manufacturers in optimum
handling and processing techniques.

2. Foil-bond strength. Certain metal-
clad laminates seem to pass the most
rigid laboratory tests, only to fail at the
end of manufacture when dipped in
solder or when put through long-term
operational tests at elevated tempera-
tures. The foil-bonding strength of CDF
Di-Clad® laminates, however, is rec-
ognized throughout the industry as
superior in every grade.

Nevertheless, improvements are being
made daily in foil adhesives and bonding
methods at CDF, and bond strengths are
being increased—not only in number of
pounds required for foil separation, but
in length of safe solder-immersion and
high-temperature operation time,

3. Range of selection. CDF has con-
sistently offered the widest range of
metal-clad grades—in phenolic and
€poxy paper-base, epoxy-glass, and
Teflon*-glass. And CDF Di-Clad
Teflon-glass grades remain the only
laminates of their kind approved by
the military. CDF Technical Bulletin
11,900 gives the latest information on

all Di-Clad printed-circuit grades.
“ du Pont's TFE fluorocarbon resin

the designer even greater freedom. One
of the headaches in the use of printed
circuits has been their rigidity. They
tend to hamper independent movement
and vibration of connected systems.
They occasionally dictate inconvenient
housing shapes. Flexible printed circuits,
however, overcome these objections and
provide many additional benefits of their
own. Details on how CDF flexible
Di-Clad materials can help see you out
of a printed-circuit problem can be
obtained from your CDF sales engineer.
Look up his phone number in the
Product Design File (Sweet’s), Elec-
tronics Buyers’ Guide, or your own
CDF catalog. Or send us your print
or your problem, and we’ll return
recommendations based on your in-
dividual needs.

NEW CDF LITERATURE

Information on new grades, special ap-
plications, and outstanding properties
of CDF insulating materials is made
available regularly through CDF Tech-
nical Bulletins and Folders. The follow-
ing literature is new. For copies of any
bulletins listed, send the coupon below.

CDF Di-Clad Laminates—
Bulletin 11,900
CDF Skived Tapes of Teflon—
Bulletin 97
CDF Pressure-Sensitive Tapes of Teflon
Bulletin 102
CDF Grades Meeting NEMA, ASTM,
Federal, and Military Specifications—
Bulletin 10,100
CDF Dilecto® Paper-Base Laminates—
Bulletin 11,110
CDF Dilecto Epoxy Laminates—
Bulletin 11,200

4. Flexible grades. Newly-perfected CDF Spiral Tubing—
active: Slexible grades of CDF Di-Clad promise Bulletin 14,000

CONTINENTAL-DIAMOND FIBRE Name Title
NEWARK 16, DELAWARE

Company
Please send me the following CDF literature:

Street Address

City Zone, State

o

CONTINENTAL-DIAMOND FIBRE

A SUBSIDIARY OF THE M COMPANY ¢ NEWARK 16, DEL,
In Canada: 46 Hollinger Road, Toronto 16, Ontario
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STABILITY-HEAT BARRIER BROKEN

<

COLLECTOR TERMINAL
ANCHORED TO CERAMIC BASE

EXCLUSIVE METAL-CERAMIC ILICON
ELEMENT FIRED gLAl(S:(S) REO”;!)BRER
TO CERAMIC BASE N ‘

END TERMINALS -
BONDED TO RESISTANCE ) METQ%A?lhEOgRESSURE
ELEMENT AND CERAMIC . b * ABOVE 175°C

SINGLE PIECE
CERAMIC BASE
AND ELEMENT
TRACK

SPECIAL GRAPHITE

CONTACT SHOE
H I G H Miniature

RELIABILITY CeraTroLS

STABILITY with new metal-ceramic element
TEMPERATURE

New Series 600 Characteristics:
e Infinite resolution.

CeraTrolS’' rugged, hard-surfaced ; f

e al.ceramic. element, haying been . g)r?gg!\ms thru 5 meghoms (linear taper) resistance
fired at temperatures exceeding 600°C, e 11" diameter; interchangeable with Style RV6

meets temperatures up to 500°C with MIL-R-94B.

high safety factors at ratings listed * Power ratings: 3% watt @ 85°C, 1% watt @ 125°C, zero
below. load @ 175°C.

COMPARATIVE TEST DATA: No carbonaceous variable resistors (either film or molded) can
equal Series 600 performance. Ideal for critical applications requiring high stabitity and re-
liability. Far exceeds MIL-R-94B.

MIL-R-94B . i
(Style RV6, Series 600 Series 600
Char. Y

Tests CTS Maximum CTS Average

Reqiiirerfient

Load life 1000 hrs.
watt 1 25°C, 350 V max.
% watt @ 85°C

}O% @ 70% 17_% @ 125° +4% @ 125°C

o . Thermal Stabilit . No fest in i ——=1
geWIY qef‘\?/elo.ped 500°C Meta.l | (1000 hrs. @ {75"0 no load) MIL-R-94B +59% +3%
eramic Resistance Elementis “Temperature Co-eff.& — Notestin .

(Room to -63°C; room to +175°C) MIL-R-94B
25K and over o -  +250PPM/°C 150 PPM/C™

separately available for other

applications than variable re- — o der 25K — — - +500 PPM°C~ 300 PPM/"C
9 sistors. Because the elementis e 1 6%avg.  * 2% = TI%
z L Moisture Resistance t ol ave t cpave £1.3%
: very stable to 500°C, it is ex- it S . - ;197:2,‘;“3(._ t 4‘_’/';6,’“3’" e
2 r : _Low Temp. Storage ———_ 2% =1% 0%
% tremely reliable at the elevated "“ow Temp. Operation 239 27 T3 o a—
2 temperatures currently de- |"Thermal Cychng +6% 3% 2%
g manded and anticipated in . Voltage Co-efficient I +.01%/volt £.005%/val
z military requirements. Ceramic T10% 107 +7.5%
& bases can be made in a wide Rotational Life »s O‘%nefl X et -
2 f . . , cycles
- variety of shapes and sizes; the “Rcceleration - - 3% 2% %
z metal resistance film can be  THigh Freq. Vibration e #2% E1%
made to cover an entire sur- " “Shock 2% =22% 1%
face or an aCCUfately d?f|ned % Lower temperature coefficient can be developed for specific applications. I
pattern. Consult CTS engineers .
on you r req uire ments. Note Exceptional Stability. Note extent that MIL-R-94B is exceeded.
Complete Series 800 CeraTrolS electrical and mechanical specs and dimensional draw-
ings will be sent upon request.
CTS manufactures a complete line of composition and wirewound variable resistors for
0. military, industrial and commercial applications. CTS specialists are willing to help solve
D your variable resistor problems. Contact your nearest CTS office today.
=
Factories in Elkhart & Berne, Indiana, South Pasadena, California, Asheville, No. Carolina and
Founded 1896 Streetsville, Ontario. Sales Offices and Representatives conveniently located throughout the world,

CHICAGO TELEPHONE SUPPLY
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tegrated oscillograph package—a readout
tool for engineers and technicians every-
where . .. in theshop ...inthelab...or
in the field.

Just plug it in . . . put it to writing . . .
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PERFORMANCE SPECIFICATIONS

Recordings—Uniform, crisp, easily repro-
duced. Trouble-free ink writing on
precision chart paper.

Channels—Two analog, plus two event
markers.

Sensitivity— Maximum of 10 mv/chart line
(mm); range, 10 mv to 400 v.

Input— Differential, impedance 5 megs each
side to ground.

Frequency Response—D.C. to 100 cps.
Write for free booklet 2521A for complete

specifications. Immediately available from
stock. Price $1350, f.0.b. Cleveland, Ohio
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Editing ond conversion sec-
tion of o data processing
system employs logic units
made up of inductively-con-
trolled transistor circuits

Using Inductive Control

In Computer Circuits

In the design of switching circuits, capacitance is the parameter most often

used as the passive time-measuring or storage element. In transistor circuits,

however, current storage with inductive elements provides many advantages

By WILLIAM M. CAREY,

DATAmatic Division, Minneapolis-Honeywell Regulator Co,, Newton Highlands, Mass.

EVERY TYPE OF DIGITAL data processor requires some
tvpe of time measuring circuits. Depending on the
logical function they serve, they are called clocks,
multivibrators, single-shots. scalars, differentiators
or counters. Regardless of the name anplied, the
conventional technique has been to use capacitance
as the storage medium. For vacuum tube circuits,
which are inherently voltage controlled, a voltage
store is ideal.

However, when designing transistor civeuits, which
are inherently current controlled, a current store has
certain advantages. For example, a transistor cir-
cuit reacts to a pure voltage source in an extremely
nonlinear manner, but is quite linear in response
to a current source.

ELECTRONICS - SEPTEMBER 18, 1959

ADVANTAGES—A perusal of the several circuits
illustrated here will show many advantages of in-
ductance control over capacitance control.

First, there is designabilitv. The circuits are
designed around simple linear equations which in-
volve no exponentials. There are no “tail” effects.
Qecond, there is consistency. Once a circuit has been
designed with a particular type of transistor, it will
function as designed with any other transistor of
the same tvpe. Third, there is the important factor
of design range. The same configuration and the
same equations govern the design, whether the time
involved is 0.1 microsecond or 100 milliseconds. In
addition, there are many other advantages,

The base input characteristic of a typical transistor
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FIG. 1—Differentiator circuit uses inductance to control on time of
transistor
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FIG. 2—Single-shot multivibrator provides output pulses longer in
duration than input trigger

exhibits a feature which makes inductance a particu-
larly useful tool when used with transistors.

The extremely steep slope of the characteristic
curve near saturation indicates that in this region,
the transistor has an extremely low input impedance
which can be approximated by an ideal battery.

DIFFERENTIATOR—A circuit which uses this
characteristic, and which is sometimes referred to
as a differentiator. is shown in Fig. 1.

In the quiescent state, with the anode side of D,
grounded, no current flows through the choke be-
cause of the threshold voltage (about 0.6 volts)
of silicon diode D. in series with the choke. When
the anode side of diode D, is ungrounded. a step
of current is supplied to the base circuit.

Initially, all of this current flows through the base
of the transistor, since the choke will not support a
step change in current, and therefore, the transistor
is driven rapidly into saturation. But as has already
been seen, the choke now has what amounts to a
pure voltage scurce across it and therefore the cur-
rent through the choke increases linearly until the
transistor comes out of saturation, at which time
the fall time is abrupt.

If the transistor is originally so heavily overdriven
that practically all the base current has to be shunted
through the choke before the collector cormes out of
saturation, the width of the output pulse at the
collector is given by the simple equation T =LI/V,

32

where V, is the base voltage described before.

PULSE INVERTER—The above circuit can also be
used as a straightforward pulse inverter, where it is
desired to reduce carrier storage effects. Note that
it the input pulse is somewhat less wide than T in
the above equation, then at the trailing erldge of the
pulse, the transistor will still be in saturation but
a large current will be flowing through the choke.
As soon as diode D, begins to conduct, the choke,
in an effort to maintain its current constant, kicks
back into the hase of the transistor, thus quickly
turning the transistor off,

In the differentiator circuit. an input pulse is
required which is wider than the output. For the
case where the cutput must be wider than the input,
the single-shot circuit shown in Fig. 2 is used. This
can be triggered by either a negative or positive
pulse. The width of the output is determined by
the same equation which governed the differentiator
output.

A logical extension of the single-shot is the choke-
controlled, free-running multivibrator. shown in Fig.
3. Here, small resistors have been inserted between
the chokes and ground in order to bias the tran-
sistors initially into the active region and thus insure
self-starting. There are also additional Ccross-over
resistors whose purpose is to insure that the chokes
recover rapidiy. This is particulary important in an
asymmetrical mullivibrator, where one side has a
duty cycle of greater than 50 percent.

TRANSFORMER CONTROI.—The choke-controlled
multivibrator is practical, designable and funec-
tions well. However, there is another configura-
tion which serves the same purpose and which
is superior in that it gives sharper trailing edges
and also gives much tighter control over the ratio
of the “on” times of the two sides. This circuit
is shown in Fig. 4. The only difference between
this circuit and the preceding one is that the two
chokes are replaced by a single transformer.

IMPROVING FALL TIME—With the resistance
values as shown, at the time of a transition from
one state to the other the current supplied to the

-6Y

= KX 1,000 =i

FIG. 3—Choke-controlled free-running multivibrator is made self-
starting by addition of small bias resistors in series with the chokes
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buse is the current through the vesistors plus the
induced current due to transformer action. Thix
means that wider pulsex may be obtained for the
same amount of supply current and the same induct-
ance value, than was possible with the simpler choke
scheme,  Also, the transtormer action considerably
improves the fall time of slow transistors.

CALCULATING PULSE WIDTHS — It s in-
formative to calculate the ratio of the pulse
widths at the two collectors if the vesistor
nets arve symmetrical.  If we call I, the current
delivered by the supply through the resistors, and
apply the formula T = LIV, then T L.

NIN)I Vo =k NLION + Ny Vo Similarly,
T, = kNI, (N, 4+ N) Vs thus T T NN

The latter equation says that the ratio of the pulse
widths is the turns-ratio of the transformer. There
are applications where accurate ratios of the pulse
widths are vital.

A completely different way of using inductance in
computer circuits is the use of a transformer to
<tore information—a perfectly normal, linear trans-
former, not one whose core has a square hysteresis
loop.

Figure 5 shows a counter circuit which u=es this
technique. Note first, that the middle portion of the
figure is a conventional bistable flip-tlop. Next, con-
<ider the status of the transformer if the reversing
input is floating. If. say, the left-hand transistor
i= conducting. then current flows through the primary
from left to right. If now the reversing input is
grounded, this effectively throws a =hort around the
primary and it series resistor. Current in the pri-
nmary begins to decay, and hence the right side of
the primary goes positive with vespect tn the left
<ide. This voltage is coupled to the secondary with
polarities as shown, thux driving the right-hand base
negative, cauving this transistor to conducet and
reversing the tlip-flop.

Now =ome completely arbitrary time later, the
reversing input is ungrounded. Since the right hand
{ransistor is now conducting. current begins to in-
crease through the primary in a right-to-left direc-
tion. Thus. once again the right side of the primary
goes positive.  This rise is coupled to the secondary
with polaritics as shown, and the right hand baxe
once again is driven negative, thux affirming the
status of the flip-flop. If the reversing input is
arounded once more, the flip-flop once again reverses,
and when the input is ungrounded, its state is
affirmed.

QHIFT REGISTER—If instead of connecting the
primary between collectors of the same flip-tlop we
connect the primary between corresponding collectors
of adjacent flip-flops we have a shift register as
shown in Fig, 6. In thiz case the reversing’ input
becomes a ‘transter' input.

Actually, the name ‘shift regizter’ does not ade-
quately describe all the functions thiz device can
perform. Registers can be built which =hift for-
ward, backward, or in » dimensions. In fact, given
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-6V

FIG. 4—Another form of free-running multivibrator is controlled by
transformer instead of the two chokes used in Fig. 3

\
ALL DIODES IN249 GROUND TO REVERSE X=X 1000

FIG. 5—Counter citcuit uses conventional linear transformer instead
of usual square hysteresis loop core

ALL DIODES IN249
ALL TRANSISTORS 2N247 K=X 1000

FIG. 6—Variation of counter circuit forms shift register. This circuit
can be formed to shift in any direction

a series of flip-tlops. the information in them can be
rearranged in any arbitrary fashion. in a =ingle pulse
period.

To sum up. @ seriex of circuit configurations has
heen presented which show that, when transistors
are used as the amplifying device, inductance ix at
Last as versatile a reactive parameter as iz ca-
aucitance, insofar as {ime-meaxuring circuits are
concerned.  Every cireuit described here is used in
a4 commercial data processing device. Several thou-
sand hours of life have been accumulated on the
prototype device, and there has yet to be a component
or computational failure of any kind,
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Mobile Radar Pinpoints

Trailer-mounted radar system uses Foster scanner to locate enemy mortars,

Unit spots positions by giving map coordinates. Dual beams of locator scan

25-degree sector alternately to get two points on mortar shell trajectory

By M. S. YAFFEE, Ordnance Department, General Electric Co,, Pittsfield, Mass.
and W. F. SMITH and J. B. SKULLY, Heavy Military Electronies Department, General Electric Co., Syracuse, N, Y.

ODAY’S FRONTLINE INFANTRY

MAN has a new tactical radar
system for pinpointing the location
of enemy mortars and directing
more accurate counterfire to knock
them out. Capable of locating
enemy mortars more than six miles
away, this pulsed magnetron radar
system will help destroy one of
the major casualty producers of
recent wars,

The new mortar locator detects
the mortar shell in flight and elec-
tronically computes the exact loca-
tion of the enemy mortar. This
data is presented in a form which
minimizes the time between loca-
tion and counterfire. The system
has a maximum range of 10,000
meters with an accuracy of +50
meters. The system is composed of
an antenna group, a computer-indi-
cator group and a receiver-trans-
mitter group.

More Rapid Motar Location

As the antenna system scans the
terrain where enemy mortars are

MORTAR SHELL
AND TRAJECTORY )

UPPER BEAM X
U RADIATION /4
sC 7

L
t-AZ!MuTH

RADAR
INDICATOR

SCANNING
SECTOR 25DEG

LOWER BEAM
RAQIATION SCAN

FIG. 1—Radar locates mortars using L and
U as the lower and upper points of beam
intersections
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located, it radiates two narrow r-f
beams which have a vertical sepa-
ration of two degrees. The two
beams are synchronized so that they
alternately scan through an azimuth
angle of 25 deg as shown in Fig. 1.
The system uses the information
obtained when a mortar shell passes
through the beams to locate the
mortar position,

When the mortar shell passes
through the two radar beams, two
target echoes appear on the screen
of the radar indicator as shown in
Fig. 1. The indicator uses a B-type
presentation on which azimuth an-
gles are measured horizontally
(from 12.5 deg left to 12.5 deg right
of dead center), and range or dis-
tance in meters is measured ver-
tically (0 to 10,000 meters). By
moving two electronic strobe lines
(one for azimuth and one for
range) so that they intersect suc-
cessively at the two target spots
on the indicator, the range and
azimuth of the two points on the
shell trajectory are determined.

The azimuth and range strobe
lines are moved by controls located
on the computer. When the strobe
lines are moved to intersect the two
target echoes as shown in Fig. 1,
the computer receives an analog
of the range and azimuth of the
two points on the shell trajectory.
The range and azimuth data, lower
beam elevation data and antenna
azimuth data constitute sufficient
information for the computer to
make a straight line extrapolation
through the two points in space to

SHELL
TRAJECTORY
WEAPON~__
STRAIGHT LINE

EXTRAPOLATION
WEAPON POSITION

SHELL

TRAJECTORY
2 DEG, Y

STRAIGHT LINE EXTRAPOLATION
WEAPON POSITION

FIG. 2—Comparison of errors in straight
line extrapolation method shows a large
error at high elevation angles (upper dia-
gram) but greater accuracy at lower angles
(lower diagram)

the ground plane.

When the two intercept points
are located close to the weapon po-
sition as shown in Fig. 2, the
straight line extrapolation will give
fairly accurate results since the
actual shell trajectory will have a
small curvature over this short dis-
tance. If the two intercept points
are located on a portion of the shell
trajectory which has a large cur-
vature, the extrapolated weapon po-
sition will be in error by a larger
amount.

To prevent the errors which are
inherent in straight line extrapola-
tion of weapon location, the elapsed
time between the two target echoes
is measured and manually inserted
into the computer. This results in
an extrapolation which is nearly
parabolic and approximates the ae-
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Enemy Mortar Positions

THE FRONT COVER—AIll controls are located on the front of the
control indicator which consists of the computer, indicator, fow

voltage power supply and control panel

tual shell trajectory closely, thereby
reducing error. The location of the
radar in map coordinates is inserted
in the computer and the location of
the weapon is presented as map
coordinates.

Antenna Group

The antenna system consists of
the waveguides, feed horns, reflec-
tor, and Foster scanner. This scan-
ner is a microwave antenna ro-
tating around a cone at 1,000 rpm.
The emitted wavefront has a shape
determined by the scanner as it
strikes the reflector from a con-
stantly changing azimuth angle.
For approximately 180 deg of its
rotation, the scanner emits its beam
from the upper feed horn. For an
equal period during the remaining
180 deg of rotation, the beam is
sent from the lower feed horn.

The antenna pedestal can be ro-
tated 360 deg in azimuth and can
be tilted in elevation from —5.6
deg to 11.2 deg from the horizontal.
Elevation and azimuth data are ac-
curate to within 0.056 deg. Since
the Foster scanner is capable of
scanning a 25-deg sector, it is not
necessary for the antenna pedestal
to rotate continuously in azimuth.
A dual-beam Foster scanner (an-
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All of the radar equipment for the MPQ-4A is mounted on this
trailer. Built-in leveling jacks make operation possible from almost

any site. Setup time is 15 minutes

tenna) forms the propagated r-f
energy into two beams and causes
the beams to scan a 25-deg sector.

Scanner Operation
The scanner is composed of a
rotor, inner and outer waveguide
shells, two end bell assemblies, and

SLOTTED
WAVEGUIDE

PATH A

SCANNER
800Y

EXIT TO PATH A

ExiT To PATH B

FIG. 3—Front and end views of Foster
scanner show vaoriable wave path used
to obtain desired beam

two feedhorns. The r-f energy en-
ters the scanner through a rotary
joint on the large end bell and is
fed to the slotted waveguide line
source which is mounted on the
conical scanner rotor. This. signal
emerges from the slotted line source
as a plane wave front passing
through the various wave paths of
the scanner, as shown in Fig. 3.
When the slotted waveguide moves
from point 2 to point 1, the energy
follows path A to the upper horn
and is propagated into space by the
reflector as the lower beam, When
the waveguide passes point 1 and
until point 2 is reached, r-f energy
follows path B to the lower horn
and is propagated into space by the
reflector as the upper beam.

Due to the conical shape of the
scanner, and the rotation of the
line source with the vrotor, the
length of the r-f path varies from
one edge of a beam to the other as
shown in Fig. 4. When the slotted
line reaches point 3 (0 deg), the
wave front of the propagated en-
ergy is tilted (wave front 3). This
tilted wave front strikes the re-
flector at an angle which causes the
r-f energy to be reflected to the
right (propagated wave 3). When
the slotted line reaches point 2, 90
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F1G. 4—Conical Foster scanner is capable
of covering a 25-deg sector without ro-
tating the pedestal

deg away, wave front 2 is perpen-
dicular to the reflector. The prop-
agated energy 2 is reflected from
the reflector as shown. As the rotor
nears the 180 deg point 1, the wave
path through the scanner is such
that the wave front 1 and the prop-
agated wave 1 are again tilted.
Thus, for one scan cycle, the prop-
agated wave scans a 25-deg sector.
As the rotor continues to rotate
through points 6, 5 and 4, energy
is propagated in the same manner
through the lower feed horn.

The slotted line is a section of
waveguide with slots cut into the
wide side. The slots are spaced
approximately a half wavelength
apart and are staggered on either
side of the centerline. Since each
slot may be considered to be a dipole
oriented perpendicular to the slot,
the entire slotted line may be an
array. With the half wavelength
spacing, the slots would normally
be excited 180 deg out of phase,
but staggering them on either side
of the centerline results in another
180 deg phase shift so that each
slot is in phase with all of the others
in the array.

The energy from each side of the
slots combines with the energy radi-
ated from the other slots to form a
common wave front which is ver-
tically polarized. If alternate slots
were spaced equally on either side
of the centerline, the azimuth pat-
tern of the antenna would be strong
at the edge of the beam nearest to
the input to the slotted line and
would fall off rapidly to nearly zero
at the extreme end of the line.
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Since this is not the required pat-
tern, the slots must be spaced in
relation to the centerline to obtain
the necessary beam shaping. Oceca-
sionally, plugging one or two slots
is necessary to obtain the proper
shaping. A dummy load termina-
tion at the extreme end of the
slotted line absorbs the power that
has not been radiated.

The speed of rotation of the
scanner is 1,000 rpm which causes
both the upper and lower beams to
be scanned about 17 times per sec-
ond. During the transition period
when scanning shifts from one
beam to the other, the magnetron
must be blanked. This action is
triggered by two coils 180 deg apart
mounted on the large end bell and
two adjacent magnets mounted on
the large end of the rotor. When
the first magnet passes a coil, a
pulse is produced which is used
as a trigger to blank the magnetron.
When the second magnet passes the
same coil, a second trigger is gen-
erated to unblank the magnetron
and start another scanning cycle.
The sequence is repeated 180 deg
later when the pair of magnets
passes the other coil.

Target Location

When a target or signal return
is picked up by the antenna, the
azimuth of the target relative to
the antenna is known if the angle

FROM ANTENNA AZIMUTH SYNC
FROM AZIMUTH MARKER SYNC AZIMUTH
FROM AZIMUTH HANDWHEEL SECTION

TO ANTENNA AZIMUTH
MARKER SERVO MOTOR

of scan in azimuth is known at the
instant of sighting the target;
therefore, to find the angle of scan,
the angular position of the rotor
must be known. To accomplish this,
a movable coil is mounted on a gear
on the large end bell, and a third
magnet is mounted on the rotor to
furnish scan angle data. The gear
which holds the coil is actuated by
a servo system controlled from the
computer. The pulse generated by
the magnet when it passes the coil
triggers a strobe line which appears
on the radar indicator. The servo-
mechanism is used to move the coil
which controls the strobe line dis-
placement on the indicator. The
strobe line is thus a visual presen-
tation of the azimuth information
automatically received by the com-
puter. Antenna azimuth and data
takeoff synchros furnish azimuth
and elevation data to the computer.

Because slight reflection in the
system can cause great azimuthal
pattern deterioration, wavepath dis-
continuities must be avoided. Since
reflections between the input to the
scanner and the slotted line affect
the magnetron operation, the total
vswr of the system is held to a
minimum. To insure proper opera-
tion over the frequency band, a
longitudinal iris located in close
proximity to each source of reflec-
tion in the scanner provides the
required matching.

WEAPON
LOCATION
EASTING
COUNTER

AZIMUTH
COUNTER

EASTING
SECTION

FROM RADAR
LOCATION EAST-

ING SWITCH

RANGE
SECTION

RADAR
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EASTING
COUNTER

pm—— ——d

RANGE
COUNTER

NORTHING
SECTION

To
INDICATOR

FROM RADAR
LOCATION NORTH-
] ING SWITCH

WEAPON

ANTENNA ELEVATION SYNC

ELEVATION

ELEVATION ADJUSTMENT SECTION

LOCATION
NORTHING
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FIG. 5—Information is inserted into the computer auvtomatically and by handwheels. Main-
tenance is simplified by the use of removable electronic and mechanical assemblies
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The vswr of the scanner is meas-
ured using a directional coupler and
tuned amplifier to monitor the kly-
stron power. The snychro on the
scanner rotor runs the chart drive
on the antenna pattern recorder.
With the probe removed from the
slotted line, the signal from the
reversed directional coupler is pro-
portional to the voltage reflection
coefficient of the scanner. This sig-
nal is fed into the pen drive of the
pattern recorder. By turning the
rotor, a plot of reflected signal ver-
sus rotor position is obtained. The
rotor is then turned, and, as the
recorder pen touches each high
point of reflected signal, the probe
is dropped into the slotted line to
obtain an accurate measurement of
the vswr,

The vswr can be separated into
two parts. The first part is called
the ambient because it does not vary
with rotor rotation although it is
variable with frequency. The am-
bient is composed of the reflections
of all the components from the
input to the scanner to the dummy
load at the end of the slotted line
array. The waveguide sections
from the input to the scanner to
the stationary half of the rotary
joint and from the rotary half of
the joint to the slotted line array
input are conventional K, band
guides with bends. The rotary joint,
which is precision cast of beryllium
copper by the frozen mercury proc-
ess, is tuned by circular irises in
the cylindrical portion. The slotted
lines are well matched and require
no tuniny.

The other part of the vswr is a
function of rotor position. Energy
reflected by discontinuities after it
has left the slotted line array can
only reenter the array if it is in
the proper phase. This occurs when
a constant phase front for the re-
flected wave is at a 123-deg angle
to the slotted line. The major
sources of reflection occur where
double 90-deg changes in propaga-
tion occur in conjunction with tooth
barriers. The energy reflected by
them at the ends of scan would not
be of proper phase to reenter the
slotted line array and would be re-
refiected out of the scanner. Due
to the double reflection, the angle
of this wavefront would vary at
three times the rate of the main
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beam, The result would be a high
sidelobe traveling with the main
beam. By matching these reflec-
tions with longitudinal irises, the
traveling sidelobe is reduced.

Construction

The r-f energy is transmitted
from the fixed waveguide section to
the rotating slotted line through a
rotary joint. To rotate freely, a
joint must be symmetrical about the
axis of rotation. Since a rectangu-
lar waveguide cannot do this, a cir-
cular section of waveguide must be
used. The circular guide is broken
in the middle to permit rotation and
is matched to the rectangular guide
at either end. Choke joints at the
break in the circular guide prevent
reflections. Mode rings are used in
the circular sections to convert the
proper wave shape and to help
insure the efficient transmission
through the rotating joint. Because
of the timing by the addition of
these mode rings. the rotating and
stationary joints that make up this
assembly are a matched pair and
must be treated as such.

A circular polarizer is used to
reduce the radar return from rain
or suspended moisture which ap-
pears as clutter on the indicator
screen. The circular polarizer
changes the polarization of the
transmitted radiation and filters the
reflected wave so that reflections
from smooth regular objects such
as rain drops do not appear on the
indicator screen. Sharp edges and
angles of mortar shell fins distort
rcfliceted radic energy in
manner that the reflected energy
will be detected by the receiver.
The circular polarizer is in the form
of a cylindrical sector which covers
the feed horns so that all radiated
energy passes through it. It is con-
structed of thin aluminum slats,
oriented at 45 deg to the incident
voltage vector from the horns and
spaced and supported by strips of
isocynate foam. This assembly is
further protected and weather-
proofed by fiber glass laminate
skins on both inside and outside
surfaces.

quch a

Computer and Amplifier

The radar system uses an electro-
mechanical analog computer to solve
the weapon location problem. The

computer is made up of eight com-
puting sections shown in Fig. 5.
Information is fed into the sections
as shown, and the location of the
enemy mortar is presented as map
coordinates on two counters.

The receiver of the system con-
sists of a balanced mixer, local
oscillator, automatic frequency con-
trol assembly, sensitivity time con-
trol assembly, and an i-f amplifier.
The receiver block diagram is
shown in Fig. 6. The automatic
frequency control assembly fur-

FROM
DUPLEXER

VIDEO AND MARKERS
TO INDICATORS

1-F
AMPLIFIER

AUTOMATIC
FREQ CONTROL
ASSEMBLY

LOCAL
OSCILLATOR

KLYSTRON
DRIVE
ASSEMBLY

SENSITIVITY
TIME CONTROL
ASSEMBLY

MANUAL CONTROL
SIGNALS FROM
CONTROL POWER
SUPPLY PANEL

TRIGGER
FROM SYNC
SYSTEM

FIG. 6—Block diagram of the receiver used
in system

nishes afc voltages to the local oscil-
lator and range markers to the i-f
amplifier. The sensitivity time con-
trol assembly applies a negative-
going pulse to the i-f amplifier to
reduce clutter from close in targets.

The first five stages of the i-f
amplifier operate as conventional
amplifier stages with the balanced
input from the mixer applied to the
grid of the first stage.

The next five stages of the i-f
amplifier form a linear-logarithmic
amplifier circuit. This type of cir-
cuit is not as easily overloaded by
a strong signal as is a conventional
circuit.

All of the equipment for the unit
is mounted on two two-wheel trail-
ers. One trailer carries the primary
radar equipment, while the other
carries the power supply and aux-
iliury equipment.

All work performed on this radar
set (AN/MPQ-4) was done for the
United States Army Signal Re-
search and Development Laboratory
under contract DA-36039-sc-36574.
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Infrared Communications

Experimental communications receiver operating at infrared frequencies may

be used for future space vehicles. Circuits reject solar infrared noise

By W. E. OSBORNE,

President and Director of Engineering, Twenty-First Century Electronics, Inc., Riverside, Calif.

S A MEANS OF COMMUNICATIONS,
A infrared will undoubtedly
come into greater prominence over
the next few years. At present at
least two systems are in military
use, Other IR systems, usually ofa
passive type, have been in use for
some time. The Sidewinder missile
is a good example of a simple but
effective unit.

For communications purposes
within the earth’s atmosphere,
radio scores heavily over infrared
in terms of range. This situation
changes rapidly with altitude and a
sensitive, relatively simple infrared
receiver at an altitude of 20,000 ft
possesses an average range of sev-
eral hundred miles in reasonably
good weather. Outside the atmos-
phere, infrared is on equal terms
with radio. Its range is virtually
unlimited. Infrared also has spec-
trum space for literally millions of
channels. The use of semiconduc-
tor detection, amplifying and. oscil-
lator components coupled with the
highly directional characteristics
that such short wavelengths. pro-
vide are also advantageous.

An experimental fully transistor-
ized infrared receiver is shown in
Fig. 1.

Circuit

The detection elements may be a
pair of matched lead sulphide (Pbs)
or indium antimonide cells. The
latter type require no cooling
whereas the Pbs cells perform much
better inside a CO. filled jacket.
This is by no means mandatory.
Cells of PbTe may be substituted
but require a case cooled with liquid
nitrogen.

Since the time constant of many
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photoconductive cells is now in the
microsecond range, pulsed com-
munication is possible. Lead sul-
phide cells are still relatively slow.

Cell D, is used as a reference
while cell D, looks at the target or
transmitter and detects any changes
from the IR level of the reference
cell. Selectivity is obtained by
either an optical or electronic filter.
The output or difference signal
from the detection cell is first am-
plified by Q, and Q. and then passed
through emitter follower Q, for low-
impedance transmission to the main
unit.

At this point the signal is elec-
tronically chopped or modulated at
a frequency of approximately 1,000
cps. Chopping originates in the
circuit of oscillator Q,, which trig-
gers multivibrator @, and Q..
After-amplification by buffer Q,, the
square-wave from the oscillator is
transformer coupled to transistors
Q.. and Q.. The synchronized rec-
tifying action then chops the incom-
ing IR signal at the pre-set chop-
ping frequency. It is probable that
such chopping (which allows a-c
amplification at the chopping fre-
quency) will be rendered unneces-
sary in the near future by the use
of amplifiers which operate at the
signal frequency.

The modulated component (which
we assume to be a message pulse-
modulated at a frequency much
higher than the chopping fre-
quency) is now applied to a tuned
amplifier consisting of Q, Q. and
Q., assisted by feedback transistor
Q.. The pass-band is narrowed to
as low a point as the pulse-mod-
ulated message will allow, providing
discrimination against unwanted

noise frequencies. To increase the
signal/noise ratio, the gated output
is used. It is the electronic equiv-
alent of former mechanical types of
synchronous rectifiers used in IR
receivers. In a system designed
solely for communications purposes,
the signal from the tuned amplifier
would be boosted by Q. and then
could be taken directly to trans-
former T,. Operation of the latter
is controlled by @,, which is in turn
triggered by the multivibrators.
The output of the amplifier is thus
synchronized with the input. Trans-
former T, would then pass the mes-
sage for discrimination and opera-
tion of a recorder or display device.
These pulses would ride on the top
of the waveform produced by the
chopping circuitry.

Figure 1 also shows an arrange-
ment whereby the overriding mod-
ulation or message is taken through
a discriminator and thence to an
audio amplifier and recorder. This
then allows the unit to operate as a
communications receiver.

The output signal is also fed to
four diodes in a balanced output
circuit which provides a rectified
signal level which is indicated on a
meter. This converts the receiver
from a communications set to a
radiation intensity measuring de-
vice.

While the transmitter used to
operate this experimental receiver
was of a Xenon Mercury type, solid-
component power oscillators at IR
frequencies are under development
for military purposes. Synchroniz
ing pulses from the transmitter (or
blank periods of no transmission)
will be used to hold the receiver in
line, and may be adjusted in the cir-
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Receiver for Space Vehicles
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FIG. 1—Addition of four-diode bridge and circuit converts comm

from conventional diode discriminator

cuit of oscillators Q..
Fiiters

Electronic filters are also under
development for use in the inter-
mediate portion of the IR spectrum
(1-124). One of these, capable of
selecting a 10-angstrom-unit por-
tion of this spectrum, was recently
tested successfully. As one micron,
or 10,000 A is equivalent to three
hundred thousand billion cps it is
obvious that 10 A still represents
an immense pass-band.

If such a communication system
were used in space, it may be ar-
gued that the tremendous IR signal
from the sun would completely pre-
vent any reception. However, the
receiver sync control allows it to
trigger only on a modulated signal
of a chosen type, and the extremely
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M/V SHAPERS

narrow angular limits of the mod-
ulated carrier combine with this to
permit useful operation. In addi-
tion, the direct IR from the sun
may be rejected in a great majority
of cases by simple rate circuitry
which measures the closing rate (in
terms of emission) between sun
and vehicle, and vehicle-to-vehicle.
The sun’s rate is infinitesimal while
the vehicle-to-vehicle rate changes
(relatively) rapidly and is accepted.

Radar could be used for the com-
bined purpose of target location
and simultaneous communication.
However we are faced with the
problem of an efficient power oscil-
lator to replace the present mag-
netron or klystron.

The use of millimeter wave-
lengths would to some extent re-
lieve the overcrowding problem but

unications receiver to radiation-measuring device.

~ OSCILLATOR 500-1,000 CPS

Normal modulation is taken

the time will certainly come when
even this portion of the spectrum
will be fully occupied.

Infrared possesses a peculiar ad-
vantage over radio. Taking the in-
termediate portion of the infrared
spectrum, from one to 12 microns,
during certain portions of the space
journey no transmitter would be
necessary as solar heat or the heat
generated within the vessel for
propulsion purposes could be used
as the carrier. A modulator would
be required like that of a radio or
radar transmitter.

Present infrared detectors re-
main sensitive under direct sun-
light for only a few days. This de-
fect will eventually be eliminated
and the cells may also require no
cooling. Developments now under
way show promising results.
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TWO-ROUND-HOLE NARROW-WALL (OU-
PLERS. Has advantages of simple construction,
low cost and small space requirements. Disadvan-
tages that ecoupling factor changes about 2 db for
10-percent frequency band and parallel construction

Signal at D is proportional to

or j alone. Resultant voltage equal to and
out of phase with signal through f

requires bending. If C is not a perfect termination
it will reflect power back into the coupler. A signal
will appear at B proportional to the power reflected
from C. The reflection coefficient of C can be meas-
ured using signals at B and D

Microwave Directional

A DIRECTIONAL COUPLER is a network between four
pairs of terminals as shown at right. There is a free
flow of power without reflection or attenuation be-
tween terminals 4 and C and the same conditions
exist between terminals B and D). The upper and
lower transmission lines are coupled in such a way
that when B and I) are terminated in their char-
acteristic impedance with no power originating from
B or D a signal appears at point I) when power is
flowing from 4 to C. Power at point B indicates that
power is flowing from C to A. The ruatio of the power
at A to the power at D expressed in db is the coupling
factor. With power coming only from terminal A,
the ratio of the power at I) to the power at B ex-
pressed in db is the directivity. The directional cou-
pler is useful when only a small amount of the total
power available ix necessary to make a measurement.,
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180-degrees out of phase. Very little elec-
tric coupling

Some magnetic field from A goes through
orifice 210 B.. Energy from A goes through
Both path lengths are
equal so no phase shift, Magnetic fields
at A and A. start 180-degrees displaced.
At point B, and B. they cancel out, There
is no propagation of energy in this direc-
tion and cancellation is independent of

orifice 1 to B.,
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Some magnetic field from A, goes through
orifice 1 to C,, Some energy from A. goes
through orifice 2 to C.. Length of A.-C
path is \,/2 longer than path A.-C.. This
provides phase shift which puts magnetic
fields at €, and €. in phase when they
are out of phase at A and A.. This pro-
duces propagation of C€,-C. wavefront.
Phase displacement is dependent of orifice
spacing and frequency of operation

CROSS-GUIDE DIRECTIONAL COUPLERS.
right angle relation between the two guides
for two bends needed with other coupler, Jt
the coupling factor does not vary much with

With signal injected at A-A and remain-
ing three arms matched, most signal will
go to C-C. In the driven guide, a signal
will appear at D-D but not at B-B

40

It has advantages of
and eliminates the need
has high directivity and
frequency
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Two coupling orifices are spaced one-
quarter guide wavelength apart in the
direction of propagation
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NARROW WALL.
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cou-
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10-percent frequency
struction requires bending. When coupler is vper-
ated off design frequency.
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Signal path through orifice f is twice hole
spacing longer than through e.
The vector addition is zero

signal

band and parallel con-

orifice spacing is no

(directivity) and moderate space requirements. Dis-
advantages that coupling factor changes about 2 db

longer 90 degrees and vector sum is no longer zero,
but is less than two-hole coupler

Couplers
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Orifices placed one-quarter guide wave-
length apart in direction of propagation

COUPLERS WITH ROUNI
HOLES IN THE WIDE WALL.
Has advantages that wide range
of coupling factors possible (3 db
and up). broadband operation and
high direciivity. Disadvantages of
large space requirements and par-
allel construction requires bend-
ing. Round holes are used as hole
sizes may be kept to close toler-
ances. The proper relation between
orifice radius and thickness be-
tween guides will keep the coup-
ling factor constant over the oper-
ating frequency range. If the coup-
ling ix too high at the high-fre-
quency end of the range, reduce
wall thickness between guides and
decrease orifice diameter. From
Table I. the eight equal diameter
orifice coupler would have each
orifice 18.06 db helow the desired
value for the entire coupler. There
are an infinite number of orifice
combinations which make direc-

ELECTRONICS + SEPTEMBER 18, 1959

By G. L. ALLERTON,

Designation

Western Electric

No. of Nu

Co.. Allentown, Pa.

Coupler Loss in DB

merical Designation

Based on Orifices  Based on Orifice Size Below Single Tole
Contribmtion in No. 1is largest, No. 2 Characteristic Loss
(Loading) \rray ix next <waller, ete. For Fach Numbered
Orifice of the \rray
o2 3t
Uniform Array 2 1.1 6.02
4 NN 12.01
6 L Lt 15.56
8 L 18.06
10 LLLLTL L 2000
12 21.58
16 21.08
20 26 .02
24 27.60
32 30,10
10 32.0%
48 33.62
Binomial \rray
el 3 60212 04
1.3.3.1 1 8.5218 06
1.1.6.1.1 K 85212 0121 08
1.5, 10.10.5.1 (3 1010161230 10
1.6,15.20.15.0.1 T 1010 12,6020 5036 12
1.7.21.35.35.21.7.1 8 11,36 15,7025 2142 11
1.2.1: 1.2.1 O 12 01 18,06
1.3.3.1: 1.3.3.1 8 11.5821 08
IE2RIERIBNIERIRON] 9 15.5621 58
.20 1,330 1.2 10 11.5818.0621.08

tional couplers. A few of these ave
listed in Table 1.

A coupler can be made from
any even number of identical ori-
fices spaced i-wavelength apart

along the direction of propagation.
Some of these are listed under uni-
form arrays. One of these is the
g-orifice coupler; each orifice has
15.56-db-higher coupling loss.
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yne converter, unneutralized 262-kc i-f amplifier, germanium-alloy audio driver and

Transistorizing Automobile

Automobile receiver using drift transistors has 2-microvolt sensitivity for one

watt audio output. Single-ended output delivers 4 watts at less than 10-percent

total distortion

RANSISTORIZED AUTO RADIOS usu-
Tally use seven or more tran-
sistors or are hybrids using both
transistors and vacuum tubes. Drift
transistors which inherently have
a high maximum available gain and
low feedback capacitance provide
good performance with a minimum
number of stages.

This five transistor auto radio
has a sensitivity of 2uv for 1 w of
audio. The audio circuit can deliver
4 w at less than 10-percent distor-
tion. The image rejection ratio
varies from 85 db at the low end of
the band to 78 db at the high end.
The i-f rejection ratio varies from
89 db at the low end to 102 db at
the high end. The receiver has a
60 db figure of merit using a 5,000
rv reference and a signal-to-noise
ratio of 20 db at less than 5 V.
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No oscillator blocking was experi-
enced with signal levels up to 2 v.
Figure 1 shows the schematic of
the radio.

Antenna Circuit

The whip antenna used for auto-
mobile radios may be represented as
a voltage generator having a ca-
pacitive internal impedance. Al-
though there is also a resistive com-
ponent of impedance present, the
value is so low that it may be safely
neglected when a 6 to 8 foot whip
antenna is used over the broadcast
band. Analysis shows that when
the loaded Q is fixed for bandwidth
purposes, the maximum power
transfer is obtained when the un-
loaded Q is as high as possible,
trimmer and other shunt capacitors
are kept to a minimum, and pad-

ders and other series capacitors are
kept to a maximum. In addition,
the power transferred decreases
with decreasing frequency. These
factors must be taken into con-
sideration to ebtain a good signal-
to-noise ratio.

Another consideration is that of
coupling the input impedance of the
r-f transistor to obtain the proper
antenna loading. Although capaci-
tive division eliminates the need for
an antenna coil secondary winding,
this type of coupling requires the
coil to be located between the an-
tenna and the transistor base. This
connection results in poor rejection
of the high field strength 60 cps
(power-line) interference occa-
sionally encountered in auto radio
applications. If the low end of the
antenna coil is grounded selectivity
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For automobile use, radio has manual and pushbutton controls
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Broadcast Receivers

falloff of 18 db/octave may be ob-
tained. For reasons of 60-cycle re-
jection and of signal-to-noise ratio,
an antenna coil having a secondary
winding was chosen. Three r-f
tuned circuits were required to ob-
tain an image and i-f rejection in
excess of 70 db across the band.

R-F Stage

To override converter noise ade-
quately, r-f gain of the order of 15
db is required. Although neutral-
ization may be used in a variable-
frequency tuned amplifier, it was
not considered necessary in this ap-
plication .

Perhaps the most significant ve-
quirement for the r-f transistor is
the age requirement. The control
of r-f input and output impedances
and feedback capacitance is an ob-
vious requirement. However, the
range of signals encountered in an
auto radio covers approximately
110 to 120 db. Consequently, the
r-f transistor must provide 80 to
90 db of age. As a result, the d-c
beta (common-emitter  current
gain) and the /., (cutoff collector
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current) must be controlled so that
the age system may supply suffi-
cient power to utilize this cutoff
range without amplification. This
requirement becomes even more
significant at higher ambient tem-
peratures. The drift transistor is
designed specifically to meet these
stringent requirements.

coupling may be used for the
double-tuned r-f circuit, together
with capacitive division on the
secondary winding for impedance
matching to the base of the con-
verter transistor. The first r-f coil
was designed to be tuned with a
600-puf capacitor. It may be desir-
able to add a winding to the first
coil and tune with a smaller trim-
mer. The value of 600 puf was
chosen to provide the correct col-
lector loading as determined by dy-
namic stability considerations.

The r-f stage (Q.) is operated at
a collector voltage of —12 volts and
a collector current of 0.7 ma and
produces a power gain of 27 db at
the low-frequency end and 20 db at
the high-frequency end of the band.

This gain is sufficiently below Q.
maximum capabilities to assure ex-
cellent interchangeability and
stability. At the low-frequency end
of the band, the unloaded Q’s of the
first, second, and third tuned cir-
cuits are 65, 45, and 45, respec-
tively, and the loaded Q’s are 40, 30,
and 50. At the high-frequency end,
the unloaded Q’s are 65, 65, and 65
and the loaded Q’s 48, 40, and 55.
The coefficient of coupling of the
double-tuned ecircuit, which is 1.3
times the critical coefficient, pro-
vides a peak-to-valley ratio of ap-
proximately 0.2 db. This overcoup-
ling is not sufficient to present
alignment difficulties.

Converter Stage

The converter circuit is basically
the autodyne type, in which emitter
injection is obtained by capacitive
division. The r-f signal is fed into
the base of Q.. The i-f output from
the collector is fed through a
double-tuned transformer to the
base of i-f stage Q.. Converter Q.
operates at a collector voltage of
12 volts and a collector current
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of 0.6 ma, and produces a conver-
sion gain of 37 db (262-kilocycle
i-f). Again, this gain is below the
transistor maximum capabilities
and assures excellent interchange-
ability and stability.

The converter stage exhibits a
strong tendency toward increased
injection voltage with decreasing
frequency. Conversion gain in-
creases with injection up to a maxi-
mum point, and then starts decreas-
ing with further increase of injec-
tion voltage. For the circuit shown
in Fig. 1, conversion gain is ap-
proximately independent of injec-
tion voltage between 40 and 150
millivolts and decreases with injec-
tion voltage outside this range.
Because the sensitivity is greater
at the low end of the band than at
the high end, the injection voltage
was controlled with frequency to
decrease the variation of receiver
gain across the band. The emitter
is not as well bypassed for low-fre-
quency r-f signals as for high-fre-
quency r-f signals and thus pro-
vides additional flattening of the
gain/r-f characteristic.

If the tickler winding is between
the collector of the converter tran-
sistor and the i-f winding, the ca-
pacitance of the tickler winding to
ground shunts the i-f primary and
changes the coefficient of coupling.
When this arrangement is used,
this shunting capacitance must be
considered in the design of the i-f
transformer.

The major problem in the design
of the converter stage was that of
blocking. When a very-high-level
r-f signal is applied to the base of
the converter transistor, the stage
operates as a clamping circuit,
thereby reverse biasing the tran-
sistor and preventing oscillation.
Without oscillation there is no i-f
output, and therefore no age to
reduce the high-level r-f input. If
the incoming signal increases
gradually, the age has a chance to
build up. However, it may come on
abruptly if push-button tuning is
used or if the radio is turned on in
the presence of a strong signal, If
the turn-on condition were the only
one of concern, a suitable bypass ca-
pacitor could be incorporated so
that the r-f stage would gradually
obtain bias (a turn-on transit could
be built into the circuit), However,
this arrangement is no solution for
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push-button blocking, or blocking
caused by tuning to a strong sta-
tion.

The best method to handle block-
ing is to determine empirically the
r-f collector signal level at which
blocking occurs and then limit the
collector signal below this level. The
d-c collector-to-emitter voltage can
be chosen so that collector limiting
will result. The signal level can
further be reduced approximately
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FIG. 4—Overall bandwidth of receiver at
signal frequency of 1 me¢

6 db by the use of a slightly back-
biased diode which shunts the col-
lector load. A much greater degree
of limiting may be obtained by the
use of two diodes appropriately
biased in a conventional limiting
arrangement.

Additional attenuation may be
employed from the collector of the
r-f transistor to the base of the con-
verter transistor to eliminate block-
ing provided sufficient gain can be
obtained elsewhere. Blocking is
less severe when the converter cur-
rent or injection voltage is in-
creased.

I-F Stage

A drift transistor is used in the
unneutralized 262-kilocycle i-f am-
plifier. Double-tuned input and out-
put transformers are used to ob-
tain the desired selectivity with
coefficient of couplings set at 0.85
critical, Although more gain could
be obtained with a higher collector
load, and even more with neutral-
ization, the i-f stage must deliver
a high level of power. Consequently,
the collector load is determined by
large-signal class-A power amplifier

criteria rather than dynamic stabil-
ity alone. For the collector voltage
of —12 v and the collector current
of 2 ma. a collector load of 6,000
ohms is used. The i-f stage con-
tributes 32 db of gain.

Audio detector D, is fed from a
tap on the secondary winding of
the i-f output transformer. The
age detector D. is fed by a capaci-
tor from the collector of the i-f
transistor. This arrangement pro-
vides a slightly wider bandwidth
for the age than for the audio, and
also permits a high level of age
voltage. About 5 or 6 db of age is
obtained from the i-f stage.

AGC

The 110 to 120-db signal-han-
dling requirement of this receiver
makes age a difficult problem. The
germanium diode used for the agec
detector develops approximately 2
v of age. A tendency toward dis-
tortion at very high levels was cor-
rected by the use of C, a 2 uuf ca-
pacitor between the base and the
collector of r-f transistor Q,. This
capacitor apparently extends the
age to some extent by introducing
a feedthrough current which sub-
tracts from the normal collector sig-
nal current. These currents are nor-
mally out of phase.

Another problem encountered in
the age system was that of spuri-
ous responses at very high levels.
The age bandwidth is fixed by the
i-f bandwidth and is relatively nar-
row. When a strong signal is pres-
ent and the receiver is tuned on
carrier, the performance is as ex-
pected. As the receiver is tuned off
carrier however, the age is rapidly
removed. This change permits
much higher levels in all stages
prior to the output of the i-f stage,
and shows up first as distortion of
the envelope (and detected audio
distortion).

Further tuning off carrier re-
moves the agc almost completely
and permits a very high r-f signal
on the converter. In fact, if r-f lim-
iting is not employed, oscillator
blocking may result. The wide age
system described previously re-
duces this effect.

It would also be possible to ob-
tain freedom from blocking if ad-
ditional age voltage derived from
the collector of the r-f transistor
were added to the normal age
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bias. This arrangement would not
alter the receiver performance ap-
preciably in normal reception areas.
This arrangement was not incor-
porated in the receiver.

Detection

Point-contact germanium diode
D, is used as the audio detector.
For detection of small signals,
maximum sensitivity is obtained by
passing a certain value of forward
d-c current through the diode. As
the current is reduced from this
value, a slight loss in sensitivity is
encountered. For signals 5 or 10
db lower, however, a considerable
loss of sensitivity is observed. A
high degree of quieting in the ab-
sence of a signal can be obtained
with only a slight reduction in
normal sensitivity by utilization of
this nonlinearity of the detector.
This arrangement does not actually
improve the signal-to-noise ratio
at sensitivity, but it results in a
subjective advantage similar to
noise limiting. The compromise
bias employed in this receiver
causes a sharp curvature in the
age curve at sensitivity level. This
curvature introduces detector dis-
tortion.

Maximum sensitivity is obtained
when the input impedance of the
audio transistor represents most of
the load on the detector, that is,
when the d-c load is small compared
to the a-c load. Again, a high de-
gree of distortion is introduced,
particularly at high modulation
levels.

For operation at sensitivity, how-
ever, the noise is sufficiently high
to override the distortion. A sig-
nal-to-noise ratio of 20 db contrib-
utes as much undesired power as 10
percent distortion. At signal-to-
noise ratios below 20 to 25 db dis-
tortion means little.

When the signal level is high
enough to obtain a signal-to-noise
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ratio of 20 to 25 db (about 5 to 8
uv), the detector is fairly linear.
The first 10 to 20 db of volume re-
duction inserts series resistance be-
tween the detector and transistor,
unloading the detector to approach
an a-c to d-c ratio of unity.

Avudio Driver

Germanium alloy audio driver
transistor Q, was specially designed
for the high-temperature and high-
voltage requirements of this appli-
cation. The driver operates at a col-
lector voltage of —12 v, a collector
current of 3 ma and provides a
power gain of approximately 44 db.
Although the driver may contribute
S or 4 percent distortion at very low
r-f signal levels where the noise
level is high, the volume control
greatly reduces this distortion at
normal r-f signal levels.

Volume Control

Volume control R, is a high-re-
sistance potentiometer connected
between the audio detector and the
collector of the driver. When the
variable arm (connected to the
base of driver Q,) is placed at the
detector end of the potentiometer,
maximum sensitivity is obtained.
The resistance of the potentiometer
is high enough so that appreciable
collector-to-base feedback is not
encountered. As the arm is moved
from the detector to the transistor
collector, series attenuation results,
thereby unloading the audio de-
tector. Further reduction of vol-
ume causes collector-to-base feed-
back, which not only reduces the
driver distor livu butl al3o 1owwers the
output impedance of the driver.
When the output stage is driven by

RESONANCE FREQ=1,000KC
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FIG. 6—Crosstalk characteristics for signal
levels of 50, 500 and 50,000 microvolrs

a high-impedance source, the
presence of an unbypassed emitter
resistor is not degenerative. Con-
sequently, there is no loss of sensi-
tivity although a greater dynamic
range is required. When the output
impedance of the driver is lowered
by the feedback of the volume con-
trol, emitter resistor R. in output-
stage Q; provides a significant
amount of loop feedback. Further
increase of the volume control set-
ting results in additional feedback
and attenuation produced by load-
ing of the driver collector. Volume
adjustment of about 100 db can be
obtained by this method. For best
effect, the volume control should
have an S-taper with about 5-per-
cent resistance at 35-percent rota-
tion and 95-percent resistance at
65-percent rotation.

Audio output stage Q. consists of
a germanium power transistor op-
erated under class-A conditions.
When this transistor is driven with-
out regard to distortion, the power
output level is 7 watts. The power
transistor must be provided with
an adequate heat sink to avoid ex-
ceeding a maximum junction tem-
perature of 85 C.

Figure 2 shows the tracked
sensitivity, image rejection and i-f
rejection ratios as functions of fre-
quency. With the dummy antenna
shown in the insert, the sensitivity
is 2 uv across the band.

The age and noise characteris-
ties of the receiver are shown in
Fig. 3. The receiver has a 60 db
figure of merit using 5,000 pv as a
reference. A signal-to-noise ratio
of 20 dh arenve at less than 5 uv.
No oscillator blocking was experi-
enced with signal levels up to 2 v.

Figure 4 shows the overall band-
width at a signal frequency of 1 me,
and Fig. 5 shows the distortion as a
function of signal level. The cross-
talk characteristic of Fig. 6 1is
given for signal levels of 50, 500
and 50,000 pv. This figure is a
graphical presentation of antenna
selectivity coupled with r-f distor-
tion.

For a resonance frequency of 1
me and three desired signal levels,
the curves show the signal strength
which an additional or interfering
carrier off resonance would have to
have to produce 3 percent crosstalk
(1 mw of interfering audio for one
watt of normal audio).
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How Transistor Drives

One ftransistor blocking oscillator drives a cold-cathode counter tube to

make o long-life decade counter having low power consumption. Waveform

criteria for successful operation is discussed

By H. SADOWSKI* and M. E. CASSIDY,

', S, Atomic Energy Commission, Health and Safety Laboratory,

HIS AUTOMATIC RECORDING Sys-

tem was developed to facili-
tate handling of data which are
obtained from several hundred
radioactive samples each day. The
design of this system called for a
large number of compact modular
decade counters capable of storing
data with visual and electronic
readout. These units are connected
in parallel to a 10-digit bus bar Sys-
tem for readout at a remote station,
The maximum repetition rate of
the system is slightly greater than
2,000 pulses per second.

Decade Counter Tube

The decade counter tube, com-
monly referred to as a glow trans-
fer tube, used in this unit consists
of a disk (anode) surrounded by
30 electrodes (cathodes) in the
form of thin rods within a gas-filled
envelope. The electrodes are con-
nected as shown in Fig. 1A. Ten
of these (every third one) are
called cathodes and are brought out
separately at the tube base. The
electrodes adjacent on the same side
of each cathode are tied in common
internally and a single lead is
brought out through the base. This
set of ten is called guide 1 (G 1.
The remaining ten electrodes, on
the other side of the cathodes, are
connected similarly and called guide
2 (G 2). The anode connection is
also made through the base of the
tube.

Initially, approximately 350 v is
needed to cause conduction between
the anode and cathode by a gaseous
discharge. The tube voltage drop

*Now with W, L. Maxson Corp., N, Y.
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AMPLITUDE 50V/CM
I+ !%

New York Operations Office, New York, N. Y.
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FIG. 1--A portion of the cathode and guide arrangement of the cold-cathode counter
tube is shown in (A) and the waveferm criteria for proper operation is shown in (B)

under these conditions is about 190
v, while the current is limited by
an anode resistor to about 0.5 ma.
A positive ion sheath is formed at
the current carrying cathode, re-
sulting in a characteristic glow of
the gas in this region. This gives
a visible indication of the informa-
tion stored in the tube. The ions in
the vicinity of this cathode also
serve another purpose. If all other
electrodes are tied in common and
a negative voltage (greater than
50 v) is applied, these ions will al-
low an easy transfer of the dis-
charge to an adjacent electrode
rather than to one more remotely
located. This preferential ignition
of adjacent electrodes is the key to
the operation of the glow transfer
counter tube.

To transfer this glow in a partic-
ular direction, the guides must be
supplied with pulses of proper
waveform (Fig, 1B). Assume that
initially the discharge is at cathode
1 (K 1) and that the cathode res-
sistor, R, has a voltage drop across

it making this cathode a few volts
negative with respect to ground. A
120 v negative pulse is now applied
to the guide 1 bus and the dis-
charge transfers to the nearest
guide 1. The duration of this pulse
must be sufficient to allow deioniza-
tion of the gas around cathode 1.
As the pulse on guide 1 begins to
fall in amplitude, a large negative
pulse (120 v) is applied to the guide
2 bus. When the negative voltage
of the adjacent 2 guide exceeds that
of 1 by more than 50 v, the dis-
charge transfers to this guide. Had
the gas at cathode 1 not been deion-
ized, the discharge might have
skipped back to the 2 guide that
precedes cathode 1.

The full —60 v bias appears at
the cathodes because all of the an-
ode current is now flowing into
guide 2, and there is no voltage
drop across any of the cathode re-
sistors R.. As the potential at
guide 2 rises toward ground, the

-60 v bias at cathode 2 causes the
discharge to transfer to this cath-
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Cold-Cathode Counter

ode. The potential at cathode 2 will
rise to a small negative voltage
which is needed to insure a stable
transfer of the discharge to this
cathode. The duration of the second
pulse must be sufficient to allow
deionization of the gas around
guide 1, to prevent skip-back to
cathode 1 by this guide.

Figure 1B shows a comparison of
waveforms at the guides. The top
one is correct while the second illus-
trates insufficient amplitude of the
guide 2 pulse. The discharge will
not transfer but remains tem-
porarily at guide 1 until the first
pulse is over, and then returns to
cathode 1. The bottom one illus-
trates a case where the second pulse
has sufficient amplitude to trans-
fer the discharge to guide 2 but de-
cays more rapidly than the pulse
on guide 1. Consequently, the dis-
charge transfers back to guide 1
and finally to cathode 1.

Blocking Oscillator

The transistor blocking oscillator
using emitter feedback shown in
Fig. 2 was found to be a satis-
factory driver. The transistor is
biased near cutoff. When a nega-
tive-current pulse is applied to the
base, the collector current through
the primary of the transformer in-
creases. Regeneration occurs since
the tertiary winding is connected
with a polarity that aids an increas-
ing emitter current and the tran-
sistor goes rapidly into saturation.
If the alpha cutoff frequency of the
transistor is high enough, the rise
time is determined by the primary

to tertiary leakage inductance and
their winding resistances in series
with the tertiary shunt capacitance
as well as the transformer loading.
As the alpha cutoff frequency is re-
duced, the frequency response of
the transistor ultimately limits the
rise time.

Operation

The upper waveform of Fig. 1B
shows the waveform generated at
the transformer secondary. The
first part of the pulse charges ca-
pacitor C, through diode D. to pro-
duce a negative pulse at G.. Because
the voltage drop across D. is small,
G. is held near ground potential.
When the transformer reverses
polarity, diode D, ceases to conduct
and a negative pulse is applied to
G.. The voltage on capacitor C, adds
to the transformer backswing volt-
age making the amplitude of the
G. pulse comparable to that of G..

When capacitor C, discharges, di-
ode D, conducts. This inhibits ca-
pacitor C, from charging in a re-
verse direction and clamps G, to
ground. Resistor R, across D. helps
discharge the circuit capacitance of
G. when the second pulse is over.

To operate the circuit, a positive
5 v pulse of 100 usec duration is re-
quired. Negative input signals are
removed by diodes D, and D, Ca-
pacitor C. prevents d-c from reach-
ing the transformer. Resistor R.
converts the signal into a current
pulse and reduces the amplitude of
transients fed back to the blocking
oscillator.

While receiving data, all cathodes

+380V 390K
~ 1BV =W 62 3
L 0, (LR. T )
$560K ¥ y39a $/80K 6l Ve
€ o Bl °,__}omzn
[ARTYETYY ¢ STAGE
a .0k soousr o
. IN39A SO 0I1GIT
" 3 [ LINES
- |
> - 2 2, b4 -
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i 0I100ES ARE
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FIG. 2—A series of transistorized cold-cathode decade counters may be coupled together

to increase the count range
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Typical installation shows mounting of
glow decade modules

are tied to the bias line through
their load resistors. The current-
carrying cathode is a few volts be-
low ground due to the voltage drop
across its load resistor. Electrical
readout is accomplished by placing
S, in the read position. This
grounds the cathode bias line and
drives the current-carrying
cathode to positive 25 v while all
others are held at ground. The
positive signal is fed through a
diode to the appropriate digit line.
To reset the glow to a particular
cathode, switch S. disconnects the
cathodes from the bias. 'T'he ele-
ments then rise to a positive 100
v. The potential difference between
the elements and the zero cathode is
large enough to insure transfer to
the zero cathode.

Acknowledgment is given to
G. B. B. Chaplin of the Atomic
Energy Research Establishment,
Harwell, England, and H. J. Di-
Giovanni of the Del Electronics
Corp.
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Circuit Design Using

Proper utilization of the voltage-variable silicon capacitor requires that the

electronics designer know the limitations of this device and understand how it

works. The information presented here will enable engineers to use this new

component intelligently and successfully

By J. HAMMERSLAG, Semiconductor Division, Hughes P

IGHLY COMPLEX EQUIPMENT of

the present day may use tens
of thousands of components in one
system. It is becoming increasingly
vital to keep the size and weight
of these components as small and
as reliable as possible. To achieve
this aim, it often is not sufficient
merely to improve the design of
existing components. It is often
desirable to make radical depar-
tures in the basic design and
principle of the components.

An example of such a radical de-
parture from conventional basic
design is the silicon capacitor, a
device which not only fulfills the
function of a conventional variable
air capacitor, but does so on an
entirly different and until recently
unused principle.

The Device

The silicon capacitor is basically
a semiconductor diode whose capac-
itance can be varied by varying the

A%
© R
@ |le °
®® ©
ol %h +—+—
® |0 1 L R$
P N S S
ZONE | | ZONE
DEPLETION RS (8) ¢t
= —W\,__“_
(A) (C)

FIG. 1—Structure of silicon capacitor cryse
tal is shown (A) along with equivalent (B)
and simplified equivalent (C) circuits
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NOTE:THE EFFECT OF
VOLTAGE ON Q
DECREASES AS
THE FREQUENCY

INCREASES

FIG. 2—Variation of Q with frequency and
voltage for typical silicon capacitors is
shown

externally applied bias voltage.

A semiconductor junetion can be
considered as consisting of the
three distinct zones shown in Fig.
1A. When the junction is used as a
diode, a positive potential on the D
side of the junction and a negative
potential on the n side of the june-
tion cause the carriers to bridge
the depletion zone, thus forming a
conducting path across the june-
tion.

Reversal of the potential causes
the depletion zone to reappear, in-
sulating the two sides of the junc-
tion from each other. When the
Jjunction is used as a variable
capacitor, the external potential is
generally applied in such a manner
that the depletion gap is never
bridged with carriers. Looking at
the junction in this manner, the
device appears as a parallel plate
capacitor. The p and the n zone

roaucts, Newport Beach, Calif,

represent the plates and the deple-
tion zone, the dielectric.

When a potential is applied
across the junction in a direction
which would normally not cause
conduction, this potential will cause
the carriers to be pulled away from
the depletion zone. The distance the
carriers are pulled away from the
depletion zone is a direct function
of the potential applied. The larger
the potential, the further the car-
riers are pulled away. The further
conducting plates are pulled apart,
the lower the capacitance of the
device.

Capacitance vs Voltage

In the case of an abrupt junec-
tion (abrupt transition from the ]
zone to the depletion zone to the n
zone) such as is in alloyed junec-
tions, the capacitance varies with
voltage according to the relation
C = K/(V, + V)", where C is

62
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FIG. 3—Variation of capacitance with
temperature is small; usually less than
200 ppm
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Silicon Capacitors

? (4) HC7002

FIG. 4—Remote control is simplified by
using diode capacitors

capacitance, K proportionality con-
stant, V, contact potential, 7 ex-
ternally applied voltage and n char-
acteristic exponent.

For alloved-junction silicon ca-
pacitors V, is approximately 0.5 v
and n is approximately 0.46. The
value of K varies from device to de-
vice and its value depends primarily
on the resistivity of the silicon ma-
terial.

Maximum to minimum capac-
itances ratios of as high as 35 to 1
have been obtained. Not all of this
range is always usable, as will be
explained later.

Equivalent Circuit

In addition to a capacitance, the
device also has series and parallel
resistance as well as a series 1induc-
tance (Fig. 1B).

Series inductance, L., is usually
negligible. Parallel resistanc R, is
in the order of thousands of
meghoms at room temperature
(usually several megohms at 150C)
and can, usually be neglected. The
equivalent circuit can be simplified
to the approximate equivalent cir-
cuit of Fig. 1C.

The resistance R, has a very im-
portant effect on the usefulness of
the device, because it is the de-
termining factor of the Q of the de-
vice. It is desirable that the Q of
a capacitor used in resonant cir-
cuits be as high as possible. At
present, the Q of available silicon
capacitors is low. Therefore it is
important that the design engineer
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FIG. 5—Sweep circuit is controlled by
opening and closing of switch

using the device be well acquainted
with the various external factors
affecting the Q. Then, he can de-
sign the circuit to create condi-
tions for maximum Q.

Since Q@ = 1/2xfCR,, frequency
and capacitance affect Q. As ca-
pacitance is dependent on applied
voltage, voltage affects Q. Also,
since R, is essentially the physical
resistance of the conducting por-
tion of the silicon crystal, and this
conducting portion becomes thinner
as the applied voltage is increased,
the applied voltage has an effect on
R, and therefore on Q. Figure 2
shows the variation of Q with fre-
quency and voltage.

Stability

Thie Capacitance of the device io
extremely stable. Capacitance does
change somewhat with temperature,

probably because of variation of
contact potential with temperature.

'El Ep
RESET Ry
Q
| e
7 3
SWEEP Q2
L By
Locac
058 SENSITIVITY
AGC - |
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Figure 3 shows typical C vs tem-
perature curves. As can be seen,
the variation of C with temperature
is quite small.

Although the absolute capac-
itance at a given voltage varies
from device to device, the rate of
variation of capacitance with volt-
age is constant, provided reason-
able care is taken in the formation
of the junction. The term n in the
relation C = K/(V, + V)" remains
fixed from device to device. In some
commercial units n varies less than
1 percent from unit to unit. A
constant value of » is essential to
obtain good tracking in tuned cir-
cuits.

Applications

It is advantageous to use a silicon
capacitor when one or more of the
following are needed: variation of
reactance (capacitive or inductive)
electrically, small size and weight,
resistance to severe environmental
conditions, and automated as-
sembly.

There will generally be two parts
to the circuit employing silicon
capacitor. The controlled circuit is
the circuit, usually a signal circuit,
that is affected by a change in
capacitance of the silicon capacitor.
The controlling circuit is the cir-
cuit that changes the bias across
the silicon capacitor in order to
chango capacitance

Design considerations for the
controlled circuits are Q, capac-
itance range and parasitic change
of capacitance due to the signal it-

SWEEP

% SENSITIVITY

(B)

AGC

FIG. 6—Typical sweeping circuits use either a transistor (A) ér a vocuum tube (B) to

control tuning
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self. The highest Q will be obtained
with the highest bias voltage. This
will limit the capacitance range,
since most of the capacitance
change takes place at low bias volt-
ages. A compromise is usually
necessary to obtain maximum Q
with suitable capacitance range.

Much of the distortion resulting
from parasitic change of capac-
itance due to the signal can be
eliminated by keeping the bias high
compared to the signal voltage.
Again, a compromise has to be
made to reach acceptable capac-
itance variation without excessive
distortion.

The controlling cireuit must
create the bias change necessary to
obtain the desired capacitance
change without interfering with
the normal function of the con-
trolled circuits. Usually the con-
trolling circuit is designed to pro-
duce just the voltage variation
needed to obtain the required
capacitance change and a resistor
of several megohms is inserted be-
tween the controlling and controlled
circuits. The only current flowing
through this resistor is usually the
leakage current of the silicon ca-
pacitor, seldom more than a micro-
ampere.

Typical Circuits

Figure 4 shows a method of ob-
taining remote control of broadcast
receivers. The resonant frequency
of both the oscillator tank and
tuner tank are tunable over the
broadcast band by turning the
100,000 ohm potentiometer. Track-
ing is achieved by adjusting the
cores in the coils.

The principle of automatic sweep'
is revealed in Fig. 5. Here C, and L
are the tuned-circuit elements.
Capacitor C is a d-¢ blocking capac-
itor whose value is large compared
to that of C, while R is an isolat-
ing resistor.

When S is opened, C charges
exponentially toward E at a rate
determined by time constant CR
and control voltage E. During the
charging cycle, the circuit sweeps
through a frequency band defined
by L, C., and E. Upon completion
of the charging process, closing S
will reset the circuit to the initial
condition. Opening and closing of
S can be made automatic by re-
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placing the switch with a device
that fires at a certain voltage.

Figure 6 illustrates two circuits
that use agc in a feedback system
to control the charging current.
Operation of each is identical al-
though transistor Q. of Fig. 6A is
replaced by a vacuum tube in Fig.
6B, because of the higher imped-
ance levels encountered.

Assume that the reset and sweep
switches of Fig. 6A are open and
that the age is below the threshold
level set by R, Transistor Q. will
be fully conducting. If the voltage
drop across R, is greater than the
difference between voltages E, and
E., transistor @, will present a low
resistance path for the charging
current of C.

As the sweep frequency ap-
proaches a station, the age voltage
becomes more negative and tends to
cut off Q.. This action changes Q,
from a low- to a high-resistance
state. Therefore, the circuit stays
tuned to the station.

Any frequency drift due to the
discharge of C through the finite
circuit resistance results in a de-
crease of age voltage, with subse-
quent resistance changes of control-
ling element @, permitting more
charging current to flow until an
equillibrium position is reached.

T NAAAS
_l_ C¢ RFC
CV =
LOCAL
0S¢
TANK =

FIG. 7—Silicon capacitor replaces reac-
ance tube in afc circuit
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FIG. 8—Center frequency of f-m circuit is
set by d-c bios voltoge

Temporary closure of the sweep
switch in Fig. 6A or B allows con-
tinuation of the sweep until the
next station 1is reached. After
reaching the top of the band, the
circuit can be reset by closing the
reset switch. The sensitivity con-
trol permits selection of stations on
the basis of signal strength.

Automatic Frequency Control

In automatic frequency controls,
the silicon capacitor replaces a
reactance tube. In Fig. 7, the out-
put voltage from the discriminator
varies the voltage on the C, and
hence the local oscillator frequency
so as to correct for any frequency
drift due to extraneous causes.

The circuit in Fig. 8 demon-
strates how silicon capacitors can
be utilized in frequency modulation.
The audio voltage appearing acrosas
R, varies the capacitance of C, and
the tank circuit. The d-c¢ bias volt-
age E,,, applied through isolating
resistor R, controls the center fre-
quency. Capacitor C acts as an r-f
bypass, while C, blocks the d-c.

Possible Applications

Recently several companies have
announced microminiature con-
struction techniques. Such con-
struction has made it possible to
decrease the component density to
millions of components per cu ft.

The one component that has not
been included in this type of con-
struction is the variable capacitor.
This obstacle may be overcome with
the silicon capacitor.

It is usually easier to change the
voltage than effect mechanical
changes by telemetering techniques.
The use of silicon capacitors in
missile and satellite transmitters
and receivers may make tuning
from the ground more practical.

A signal-seeking and frequency-
correcting receiver which uses sili-
con capacitors has been built. This
receiver latches on and locks-in to
a transmitter frequency over an en-
tire band. This afe technique makes
possible transmitter-receiver com-
binations requiring less frequency
stability.

REFERENCE

(1) Jan Black., Hughes DBulletin SPS8-
HM-LP-8/58, Aug, 15. 1958.
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Impregnation with RTV
silicone rubber provides
top performance at
250°C for this Hughes
\ircraft Co. tran~former.
Other materials failed
due to such factors as
inadequate high tem-
perature resistance and
incomplete impregnation
of tightly wound coils.
G-E RTV compounds
proved successful for coil
impregnation a~ well as
complete encap=ulation.
Good heat transfer. out-
standing heat resistance
made possible a more
compact. eflicient high
temperature unit.

<

Added protection, easier application
with General Electric RTV silicone rubber insulation

OlltSt(lH(IiH" heat resistance (l"(I (’I(’C[I'i(‘(ll roperties Cl)"l’)i"(,’(l with room temperature cure
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New resilient, shock-absorbent RTV  Protection from high altitude arc-over and  Extended service life for motors through
sponge offers improved shock and corona is provided for this cathode ray tube  RTV encapsulation of stator windings,
vibration protection at clevated tem- by encap=ulating all lead wires with RTV introduced by Ceneral Llectric motor
peralures: permits ea~ier fabrication  (room temperature vulcanizing) silicone rub-  departments. RTV's resistance to mois-
than previous methods of cutting.  ber. Designed for airborne operation and  ture and other contaminants enables these
inserting and sealing sponge in place. installed in a non-pressurized section of the  dripproof motors to meet certain applica-
With RTV. just add =ponging and  aircraft. tube is protected from arc-over and  tions formerly requiring totally enclosed
curing agents to compound and mix.  corona at altitudes up to 70.000 feet. units. RTV has low viscosity, rapid cure.

For application data and samples of General Electric RTV silicone rubber, write General
Electric Company, Silicone Products Department, Section N98, Waterford, New York

GENERAL@D ELECTRIC

Silicone Products Department, Waterford, New York

CIECTRONICS « SEPTEMRER 18 1959 CIRCLE S1 ON READER SERVICE CARD 51



ELECTRONICS REFERENCE SHEET

Chart Finds Loaded Q

Loaded Q of a capacitor-shortened, quarter-wave transmission line of uni-

form impedance is found quickly using this nomograph

By ROY A. HENDERSON, Design Engineer, Nadio Corporation of America, Camden, N. J.

HEN TRANSMISSION LINES
Ware used as tuning ele-
ments for amplifier tubes, the
loaded Q (Q.) of the line is im-
portant. Computation of @, can
be very lengthy if the line con-
tains a number of small sec-
tions, each having a different
impedance.

Approximation

In many cases the line has a
long uniform impedance section
with a shorting slider for tuning
to various frequencies. If this
uniform impedance section is
long compared to the other sec-
tions, the entire line can be ap-
proximated at the lowest fre-
quency by the uniform impedance
line with only a small error.

This approximation makes it
possible to determine @, as a
function of tube capacitance and
line and load impedances using
the curve shown. Although use
is limited to the lowest frequen-
cies in the band, the curve helps
to determine what line imped-
ances are required for an accept-
able Q. Thus it can be used in
the initial design stages.

Example

The equation for Q. is given
on the curve. The term within
the bracket is plotted as the Y
curve. The lower curve is a plot
of Z,/X..

The example and procedure
show how to find Q, when f, C,
Z, and R, are given. Where « is
known, Q. can be found by start-
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ing with step 3 of the procedure
given.

The procedure and example
shown are for a shortened quar-
ter-wave line. In calculating @,
for lines which include several
quarter-wave sections, the
bracket term (Y) must be in-
creased by 0.785 for each addi-
tional section.

The alternate abscissa (show-
ing the amount of line shorten-

ing) is the ratio of line length, 1,
to the wave length, A. It should
be noted that in the uhf range
the tube capacitance is usually
less than listed in tube data
sheets because of different volt-
age distribution.

BIBLIOGRAPHY

I.. L. Koros, A Novel UHF Power
Amplifier System, RCA Revicw, June
955,

W. C. Hollis, Design of Transmis-
sjion Line Tank Circuits, ELECTRONICS,
20, May 1947,
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Announcing Epsco’s

DVO

NEW

ADVANCE IN

DIGITAL

VOLT-OHM

METERS

10 R Y0 1

13 ACTUAL SIZE

mPuT DISPLAY TiME

MANUAL

1 oLTOMMME T ' &
v ER 4
o

o ——rom

FULLY TRANSISTORIZED
No Stepping Switches « No Relays

€psco

First in data control
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® VERSATILE occurately measures both re-
sistances and AC-DC voltages and counts external events,
too! Directly drives printers, punches and memory storage
units and can be directly used as a bi-directional tele-
meter.

® FAST less than 2 millisecond reading time . . . up
to 100 completely independent measurements per second
for any system use.

OEASY TO READ in-line, in-plane visual
display . . . lamp life up to 10,000 hours. .. numerals 1V3
inch high ... automatic indication of polarity, decimal point
and mode of operation

True dependability and versatility have at long last come
to digital volt-ohm meters in EPSCO'S new DVOM. Fully
transistorized...adjustment-free...no stepping switches or
relays. Provides precise numerical measurement of AC-DC
voltages, resistances . .. fast, accurate visual or printed
quality control data . . . high-speed data acquisition for
direct print-out or storage...remote indication and data
transmission over a single line. Compact, lightweight, port-
able — also for rack-mounting. Write for Bulletin 95801,
Epsco, Inc., Equipment Division, 275 Massachusetts Ave.,
Cambridge, Mass.; in the West: Epsco-West, 240 Bast
Palais Rd., Anaheim, California.

DVOM PHICE eeneeveereenreraennss. 31,475

Ask for @ demonstration.
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RESEARCH AND DEVELOPMENT

Microwave Antenna Saves Space

By JAMES O. PULLMAN*, Naval Research Laboratory, Washington, D. C.

PHYSICAL DIMENSIONS, weight and
mechanical properties of conven-
tional microwave antennas have led
to new types, including endfire radi-
ators. Thus in a missile, where
frontal area needed for a forward-
looking beam may be unavailable,
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FIG. 1—Addition of dielectric plate im-
proves gain and beamwidth

an endfire antenna of sufficient
length along the missile frame may
be used.

A new configuration, the dielec-
tric plate array, has been investi-
gated' at the Naval Research Lab-

. * Presently with Department of Phys-
ics, Duke University, Durham, N. C.

Service

Data Is Prited on Circuits

oratory. It can use both available
aperture area and endfire length,
using available space more effi-
ciently than most conventional an-
tennas. It is also easy to produce.

Basic Antenna

The simplest form, Fig. 1, has a
Plexiglas plate one wavelength
square placed about one wavelength
in front and along the axis of a
small X-band horn. Plate thickness
is one-half wavelength, so reflec-
tions from front and back surfaces
cancel. Half-power beamwidth has
been narrowed from over 70 to 42
deg, and on-axis gain has increased
3.0 db. The only space penalty is
about 1.1 wavelengths in front of
the existing aperture.

Radiation patterns in Fig. 2 (dis-
placed to coincide at zero deg) for
various positions of the plate are
shown. Pattern 1 is that of the
horn alone. As the plate is moved
out, gain and beamwidth rapidly
improve.

The pattern in Fig, 1 represents
optimum gain improvement with
this plate. As the plate is moved
further from the feed, sidelobes

Printed circuit boards of new Westinghouse tv sets have wiring diagram silkscreened
on back. Service data includes component values and key voltages
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FIG. 2—As plate is moved away from
horn, gain and beamwidth improve
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FIG. 3—Use of two plates reduces beam-
width from 75 to 36 deg

rise eventually merging with the
main beam to yield the feed pattern
again. Plates up to two wavelengths
square give higher gains but also
higher sidelobes. Plates as small as
one-half wavelength square were
used to advantage. Experiments
were performed with feed horns up
to about ten wavelengths square.
In all cases, a plate of about the
same size as the feed aperture pro-
duced results similar to those illus-
trated. Vswr was generally low.

Single-plate configurations can
be dramatically improved by adding
a second plate between the first and
the horn. Radiation pattern in Fig.
3 represents optimum gain using
two one-wavelength square plates,
Beamwidth has been reduced from
75 to 36 deg; improvement in on-
axis gain over the horn is 5.8 db.
This gain added to that of the horn
gives an absolute gain just under
13 db.

Sidelobe levels lower than those
in Fig. 3 may be obtained at some
sacrifice of gain and beamwidth.
Plate spacing of half that shown
vielded a tent-shaped beam of 45
deg half-power width and contain-
ing no sidelobes within 33 db of the
on-axis level,

Antennas with more than two
plates are difficult to evaluate em-
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VOLTAGE
REGULATED
POWER
SUPPLIES

Model SC-32-2.5

DC Dc
OUTPUT OQUTPUT
MODEL VOLTS ' AMPS.

$§C-32-0.5 | 032 005
SC-32-1 0-32 0-1
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2SC-32-1.5 032 0-15
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SC-18-4 018 04 SC-60-5 060 | 05
sc-3s.05 0.35 0-05 2SC-100-0.2 0100 002
SC- 36. 1. 0.36 0-1' DUAL OUTPUT 0-100 00.2
e . : SC-150-1 0-150 0-1

S$C-36-2 0-36 0-2

$C-300-1 -300 | O
§C-3672-0.5 36-72 0-0.5 ° :

SC-3672-1 36-72 0-1

.(epco

L
~

COMPACT PACKAGE TYPE

offers more than o -,
120 standard voltage e =;== OUTPUT | OUTRUT
resialad poner sioples ol £est
'
of transistor, tube ‘ flﬁi ==E: PSC- 5-2 0-7.5 2
and magnetic types. {Ei-l '_':,, PSC-10-2 75125 2
o :

For complete specifications, ;,;ﬂi DS PSC-15-2 125175 2

write for Brochure B-591 N -8 PSC-20-2 | 17.5:225 2
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Pinpoints All Circuit Flaws Instantly...Plots and
Simplifies Test Procedure...Provides a Permanent Record!

DIT-MCO's revolutionary Matrix Chart is the only error location device which puts all
€ircuit information . , . errors, circuit numbers, type of flaws, etc. ... directly in front of the
operator of this Automatic Electrical Circuit Analyzer. It plots the entire test sequence and
pinpoints every circuit flaw ... instantlyl Horizontal and vertical indicator lights cross
reference to indicate the exact error location, circuit number and type of flaw. As errors
are detected, they are recorded on the proper matrix square and the test continues.

Once the test sequence has been completed, all corrections are made direct from the
Matrix Chart. This group correction feature saves up to 90% of error correction and/or
Interpretation time by eliminating time-consuming searches through complex manuals and
wiring diagrams. After corrections have been noted on the Matrix Chart, it provides o
complete record of test circuits, test specifications, instructions, results and modifications.
This concise, understandable record improves interdepartmental communications and
provides co-ordination through all stages of planning, production and maintenance.
Non-technical personnel easily master operation of the Analyzer and use of the Matrix
Chart System. The final Matrix Chart can follow the product for future overhau! and
Maintenance use.

DIT-MCO, Ine. employs an expe-
tienced staff of sales engineers in
the field. Contact your field sales
engineer or write for important
facts about DIT-MCO Avtomatic
Electrical Circuit Analyzers.

PLUGBOARD
PROGRAMMING
SPEEDS TESTING!

Jumper-wired plugboard programming permits use
of simple, straightfarward adopter cables. Circvit
modifications never present headoches because all
changes are easily made by re-jumpering the read-

Electronics Division Box 09-15 ily accessible plugboards.

911 BROADWAY ¢ KANSAS CITY, MO.
Partial List of DIT-MCO Users

Alrcraft Radia Corp. ® AiResearch Manufacturing Co. ® American Bosch Arma Corp. ® American
Machine & Foundry Co. ® American Mators ® Amphenol Electronics Carp. ® Autonetics, A Division
of North American Aviation, Inc. @ Bell Aircraft Corp. ® Bendix Aviation Corp. ® Boeing Airplane
Co. @ Cessna Aircraft Co. @ Chance Vought Aircraft, Inc. @ Chrysler Corp. @ Convair ® Douglas
Aircraft Co., Inc. ® Dukane Corp. @ Electronic Products Corp. @ Fairchild Aircraft Division
® Farnsworth Electronics Co. @ Frankford Arsenal @ General Electric Co. @ General Mills, Inc.,
Mechanical Division ® General Precision Laborotory, inc, ® Goodyear Aircraft Corp. ® Grumman
Aircraft Engineering Corp. ® Hazeltine Electronics Division, Hazeltine Corp. ® Hughes Aircraft
@ International Business Machines Carp. @ Jefferson Electronic Products Corp. ® lockheed Aircraft
Corp., Missile Systems Division ® Martin, Baltimore @ Minneapalis-Honeywell, Aeronavtical Division @
Motorola, Inc. ® Narthrup Aircraft, Inc, ® Pacific Mercury Television Mfg. Corp. @ Radio Corp. of
America ® Radioplone Co. ® Raytheon Manufacturing Co. @ Servomechanisms, Inc. ® Sikorsky
Aircraft @ Sperry Gyr. pe Co. @ S s Gyroscope Co. @ Sun Electric Co. ® The Swartwout Co.,
Avtronic Division ® Temco Aircraft Corp. @ Thompson Products ® Topp Industries Inc. @ Trans World
Airlines @ U, S, Naval Air Station Overhaul ond Repair Depots ® U. S, Naval Ordnance Laboratory,
White Qak @ Varto) Aircraft Corp. ® Western Electric Co. ® Waestinghouse Electric Corp.
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pirically. Beamwidth of one of the
better three-plate antennas is 35
deg. Sidelobes are 22 db down and
absolute gain is about 11.5 db.

Dielectrics

Some of the experiments were re-
peated with plates of a ceramic ma-
terial of four times the dielectric
constant of Plexiglas. Gain im-
proved or sidelobe level was low-
ered for a given gain. The plates
were lighter and thinner than those
of Plexiglas.

At X band, the dielectric plate
antenna is light. At S band and
longer wavelengths, however, the
plastic slabs begin to assume mas-
sive proportions. Therefore, the
above antennas were successfully
simulated at S band using an almost
arbitrarily light artificial dielectric
composed of metal posts. Results in
general approached those above.

To demonstrate practical use, an
effort was made to improve radia-
tion pattern of a broadside array.
A waveguide slot array 20 wave-
lengths long was used. The slots
racdiated into a short parallel-plate
region flared to half-wavelength
width at the mouth. The beam was
nearly broadside, the peak occur-
ring at 85 deg with the line of the
array. Horizontal beamwidth was
3.1 deg and vertical beamwidth
about 77 deg.

Plexiglas plates, one wavelength
wide and one-half dielectric wave-
length thick, were placed in front
of the slots. A single plate less than
one wavelength from the array
raised gain 3 db and narrowed ver-
tical beam to 40 deg. A second plate
increased gain more than 4 db and
narrowed vertical beamwidth to 30
deg. Neither beamwidth nor side-
lobe level in the horizontal (nar-
row) plane was affected.

REFERENCE

(1) .J. O. Pullman, Naval Research Report
SOEN Jan. 24, 1958,

Solar Cells Aid
Photosynthesis Study

MeTHOD for decomposing water
into its basic elements by a beam
of light has been discovered by two
New York University scientists.
The work apparently confirms cer-
tain theories dealing with photo-

synthesis in plants and may be use-

ful in future studies concerning
solar energy applications.
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The method was developed in the
course of basic research into the
electrical properties of organic
crystals. Equipment used is similar
to a solar battery, but artificial ul-
traviolet light is used rather than
sunlight. Organic crystal used is
anthracene, an inexpensive chemical
related to naphthalene.

A flat circular crystal, 0.0005 in.
thick and 0.02 sq in. in area, is
mounted in an electrical cell. Each
face is bathed in a separate dilute
salt solution. This is accomplished
by mounting the crystal in a small
window of a plastic divider that
separates the solutions.

When ultraviolet light is directed
on one face, the crystal becomes a
battery developing a potential of
0.2 v. Resulting current is meas-
ured through two silver wires, one
in each salt solution.

Power developed by the crystal
is in the order of microwatts.

Current flowing through the cell
indicates that water is being decom-
posed, with hydrogen forming on
one face and oxygen on the other.
This result may be significant in the
study of photosynthesis, the proc-
ess by which plants use solar energy
to transfer carbon dioxide and
water into carbohydrates.

One explanation of photosynthe-
sis places chlorophyll in the role of
a photovoltaic generator that be-
comes an electric battery under the
influence of light. This battery
causes water to decompose.

Project was supported by Office
of Naval Research and Air Force
Cambridge Research Center.

Cluerareannicn TActs
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For Countermeasures

ol

Absolute zero within 1 deg F is achieved
by Sperry Gyroscope Co. scientist in tests
of components for countermeasures sys-

tems. Equipment is being tested in bath
of liquid helium
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Now! A higher reliabilily factor in printed circuits
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ALTORI

a new and distinctively different
finish on TAYLOR copper-clad
laminates that accepts all
acidl resists unitormly
Something new and distinctively different has been
added to TAYLOR copper-clad laminates — a fmish
that accepts all types of acid resists uniformly. High
fidelity in printed circuit reproduction is assured.
Circuits can be of consistently higher quality and reli-
ability, no matter how critical the design. For com-

plete details about TAYLOR copper-clad laminates and
samples, write TAYLOR F1BRE Co., Norristown 40, Pa.
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LAMINATED PLASTICS VULCANIZED FIBRE
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BORG 1100 MICROPOTS...

HIGH RELIABILITY
AT A SENSIBLE
PRICE...

«ooheavy-duty scales,..
another Borg
Micropot application

Seldom, if ever, will you find another potentiometer
offering the advantages found in the Borg 1100's

price range. Total resistance 25 to 100,000 ohms.
Independent linearity accuracy 0.5% to 0.19%. Life of
better than 500,000 revolutions. Borg 1100 Micropots are
available with lug-type terminals or coded flexible leads.
The price? You'll be amazed! Contact Borg today.

Ask for catalog BED-A90

m BORG EQUIPMENT DIVISION

AMPHENOL-BORG ELECTRONICS CORPORATION

N\ 4 JANESVILLE, WISCONSIN

MICROPOTS « MICRODIALS + INSTRUMENT MOTORS + FREQUENCY STANDARDS
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can be extended to more than three
units; it also can be closed to a ring.
Thus counters of different degrees
of complexity can be achieved.

Four-Stage Ring Counter

In Fig. 1B, it is apparent that in
such a sequential arrangement the
interconnections between stages
have to be made from n-type to n-
tvpe material and from p-type to p-
type material. That is why, at least
for the stepping application, an in-
tegrated structure can be made
readily. Fig. 2 is a top view photo-
graph of the four-stage ring
counter before leads are attached.
The various regions are visible
since they have been produced by
diffusion techniques which resulted
in silicon dioxide layers of various
thicknesses on the different regions.
The four quadrants correspond to
the uppermost p regions in Fig.
IB. In each of these quadrants
there are two “paddles” which are
the location of two n-type regions
corresponding to the small n-type
region in Fig. 1B. Only one each
will be contacted, the second one
being introduced for symmetry rea-
sons only. The remainder of the
picture shows the center n-type

40-ft Shock Tube

Small size version of a nose cone, used to
study missile entry into the atmosphere of
Venus, is inserted into end of 40-foot-long
shock tube by K. K. Chan and R. W. Ru-
towski at Lockheed Missiles and Space
division’s Scientific Research Laboratory in
Palo Alto, California, They are collecting
experimental data on missile entry into
neighboring planets. The entry problem
for Venus is about 50 percent greater than
for earth
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region penetrating to the surface.
The entire back surface forms the
lowest p-tyvpe region in Fig. 1DB.

After removal of the silicon di-
oxide layver, contacts will be made
to every second “paddle” and to the
back surface. Thus the four-stage
ring counter requires a total of only
five external contacts. It also should
be noted that the actual unit is just
1 mm in diameter.

The current level at which these
devices are operated can be de-
signed within the ranyge of 1 tv 100
ma with supply voltages of 10 to
100 volts. They have been oper-
ated at speeds up to one million
pulses per second. With improved
design, it is expected that they will
operate even faster.

These tvpes of devices have po-
tential applications to digital com-
puters and telephone switching.

REFERENCE
(1) 1. A. D'Asaro, A Stepping Transistor
Ilement, paper presented at Western
Klectronic Show and Convention, August
18, 1959, at San Francisco, and puhlished
in 1939 ITRE Weseon Conrvention Record,
Part 3. p 37.

Magnetic Modulator
Of Photocell Current

A SENSITIVE microphotometer, de-
veloped by G. Striker of the Tech-
nical College, Budapest, uses the
known principle of magnetic modu-
lation of photocell current. The
method of modulation is applied to
the photoelectron multiplier, thus
utilizing to the full the high sensi-
tivity of these tubes. by enabling
the use of high-stability a-c elec-
tronic amplifiers without anv me-
chanical vibrating of the light
beam.

Magnetic coils in the immediate
vicinity of the tube produce an al-
ternating magnetic field at right
angles to the electron paths. The
alternating component of the photo-
cell current produced in this way
is passed on to the indicating or
registering instrument over an al-
ternating voltage amplifier with an
input sensitivity of about 3uv.

The light sensitivity of the new
instrument lies in the magnitude of
107 lumen. At such low levels the
quantum nature of light is already
quite noticeable. By using the
Naray method, the dark current of
the multiplier tube is substantially
suppressed.
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SOLID PERFORMER :
CEC'S NEW 4-380A POT PRESSURE PICKUP

Now with a redesigned flexure support system, the 4-380A sets a new standard
of performance for low-pressure potentiometer pressure transducers. The 4-380A
is unequalled for resistance to shock and vibration. Nost pressure ranges are
capable of continuous exposure to 25 g vibrations up to 2 KC for periods up to
several hours with negligible change in calibration.

Pressure ranges are available from *1 psi to 100
psi. Absolute, gage. and differential models are
offered. Operating over the temperature range from
~65°F to --200° F, most pressure ranges exhibit
temperature effect of less than one percent. The
unigue construction of the 4-380A keeps the meas-
ured fluid external to the mechanical and clectrical
system. In absolute models. the internal mechanisms
arc enclosed within the evacuated chamber. For
detailed specifications. call your nearest CEC sales
and service office, or write for Bulletin CEC
1004-X16.

Transducer Division < EC

CONSOLIDATED ELECTRODYNAMICS /360 sierra madre villa, pasadena, california
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PRODUCTION TECHNIQUES

How to Detect Contaminant Traces

By D. O. FEDER and D. E. KOONTZ, Bell Telephone Laboratories, Inc., Murray Hill, N. J.

WETTABILITY TESTS provide simple,
nondestructive methods of detect-
ing hydrophobic contaminants on
electronic device parts. Among con-
taminants detected are machine
lubricants, coolants and cutting oils,
human fatty materials, greasy air-
borne dust and organic residues
from plating and polishing baths.

Even a single molecular layer of
contaminants can seriously affect
component performance. Experi-
ments at these laboratories show
that cathode activity of a travelling
wave tube can be improved 53 per-
cent on the average by removing
extraneous materials. In addition,
brazing and welding of tube com-
ponents become more reliable.

The tests described depend on
the ability of water to wet metallic
and inorganic surfaces, but not to
wet oily or greasy surfaces. Until
recently, there have been almost no
practical applications of this in elec-
tron device production.

Test Procedures

A water break test is performed
by immersing and withdrawing the
surface being tested from a beaker
of overflowing water free of or-
ganic contaminants. An uncon-
taminated surface exhibits a thin
uniform film of water over the
surface until evaporation sets in
or interference colors are observed.
A contaminated surface shows
breaks in the surface immediately
(when grossly contaminated) or

Test pattern showing proper performance
of the atomizer. The white areas are
delaminations of the mica test blank

62

Atomizer test of clean nickel surface {2X)

i
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Atomizer test of partially contaminated
nickel specimen (2X)

upon 30 to 60 seconds draining.

An atomizer test consists of
spraying the dry surface with con-
taminant-free water in a fine spray.
The surface is sprayed 3 to 30
seconds with the atomizer held 18
to 24 inches from the surface. The
droplets form a thin continuous
film over a clean surface or remain
as fine droplets on a completely
contaminated surface. Droplets also
form on contaminated areas of
clean surfaces. When only traces
of contaminants are present, slight
discontinuities appear in the water
film,

The tests can be interpreted
rapidly and reproducibly by refer-
ring to a series of photographs
showing the water film condition on
surfaces with known amounts of
contaminants. The photos serve as
go-no-go standards.

Checks can be made on freshly
cleaved mica to insure that con-
taminants are not being introduced
from the test equipment. A freshly
cleaved mica surface has no detect-
able hydrophobic contaminants. A
drop of a fatty acid-acetone solu-
tion is placed on the mica and al-
lowed to evaporate. The test will

Atomizer test of nickel surface covered
with hydrophobic contaminant (2X)

-

Atomizer test of nickel with traces of
hydrophobic contamination (2X)

show only the deliberately contami-
nated area if the equipment s
clean. If the mica is flooded and the
spot does not appear, the atomizer
is supplyving too much water.

Other investigations have demon-
strated that both tests will detect
less than 1 molecular layer of polar
soils. The atomizer test will detect
a small fraction of a monolayer or
as little as 0.16 x 10~ g/cm’.

Fine Wire Tests

Parts with plane surfaces as
small as ! inch and wires as fine as
0.015 inch diameter are being rou-
tinely tested in these laboratories
at magnifications of 5 to 40. More
minute parts may be examined at
40 to 400 magnification after drop-
lets are formed from steam or by
chilling the part below the ambient
dewpoint.

The tests are also well suited to
tracing contaminants to their
source in solvents, rinse water, stor-
age containers and protective at-
mospheres. A cleaved mica sheet is
exposed to the suspected source and
then subjected to the tests.

Common methods of cleaning
electron device parts were surveyed
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Consider these advantages. ..

1. Center bushing, threaded or unthreaded, provides
easy, durable mounting . . . may be “stacked.” Saves
money.

2. Simple wiring procedures; frequently replaces a
terminal board. Terrific resistance to shock, vibration.

3. Quality, internal construction dictates the parameter
you'll measure at the terminals. Consistent perform-
ance is assured.

4. Quality appearance . . . adds that “expensive” look
to your equipment without extra cost.

5. Low prices . . . because of C-A-C’s fast, quality-
controlled-all-the-way production techniques.

The long term performance of any toroidal coil is
tied directly to the quality of its manufacture.
Reliability under environmental extremes means
everything. Throughout the industry, C-A-C’s MP
(molded plastic) coils have developed a reputation
for performance and dependability. Periodic quality
control tests of C-A-C coils consistently display
temperature co-efficients of less than 30 PPM per
degree C. Since C-A-C pioneered the MP coil,
production techniques have been developed which
guarantee the highest quality and competitive price
structures. You get more quality/ performance
when you specify C-A-C.

e} r 5 .« o } 1 b . 4.0

Toroidal COILS, sub-miniature, conventional; MP (molded plastic) ; HS
(hermetically sealed) ; uncased, plastic dipped. Power TRANSFORMERS,
Filter REACTORS: Filament TRANSFORMERS, DC to DC converter
TRANSFORMERS, Class “T” TRANSFORMERS and REACTORS. Low
pass FILTERS, Band Pass FILTERS, Special FILTERS, Telegraph Tone
FILTERS, Telemeter Channel FILTERS, Aircraft Navigation FILTERS.
Special MAGNETIC AMPLIFIER Devices.

N ,
\/{f COMMUNICATION ACCESSORIES COMPANY

__C=A=C
/ \ ®
Cl34 (/ g \\

ELECTRONICS - SEPTEMBER 18, 1959

Lee’'s Summit, Missouri ® Phone Kansas City BRoadway 1-1700

A Subsidiary of Collins Radio Company

Live and work happily in KANSAS CITY . . . C-A-C needs DESIGN ENGI-
NEERS and GROUP LEADERS with experience in Magnetic Amplifiers, Net-
works, Filters and Transformers. Contact Mr. Cecil, ' Personnel Manager, or
contact any of the C-A-C staff at the Wescon Show.
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AT RAYTHEON

Stokes high wvacuum oven
installed in dry box at
Raytheon's Semiconductor
Division. Vacuum gages are
on top of dry box,

Transistor reliability improved
with Stokes High Vacuum Ovens

Stokes High Vacuum Ovens are featured in an entirely new method
of baking and processing transistors at the Semiconductor Division,
Raytheon Manufacturing Co. at Newton, Mass. Chosen because
they met the rigid requirements set by Raytheon engineers, these
ovens assure improved transistor quality and uniformity, more
stable electrical parameters and increased production.

Operating continuously 24 hours a day, the twelve Stokes ovens
consistently maintain the conditions demanded by Raytheon’s
closely controlled drying technique. Yet only one operator per shift

is required to attend six ovens.

If high vacuum is an impor-
tant aspect of your present or
planned process, Stokes’ long
experience in vacuum tech-
niques, and in designing and
manufacturing high vacuum
equipment, can be of valuable
aid. Your inquiry is invited.

The Stokes Mode!l 236 Vacuum Baking
Oven includes fully automatic instru-
mentation.

Vacuum FEquipment Division
F. J. STOKES CORPORATION

5500 Tabor Road, Philadelphia 20, Pa.

64 CIRCLE 64 ON READER SERVICE CARD

with the test. The results show
that many of them will not remove
the last traces of organic contami-
nants.

Performance of Cleaners

Samples cleaned by solvent ex-
traction methods failed to pass both
tests. Parts cleaned by acid etch-
ing passed the water break tests.
Parts cleaned by mixed concen-
trated acetic, nitric and hydro-
chloric acids passed the atomizer
test, but this is a dangerous
medium. Parts cleaned by electro-
Ivtic sulfuric acid and by mixed
hydrochloric acid and hydrogen

Storage Vessel | Dayse

Now Polyethylene Bag.. .. .. .. 1

19/38 Standard Taper Ground
Glass Joint

—Greased. . .............. 1

~--Un,r.'rease(l...........Aul 30
Glassl’etriDish...........‘.[ 5
Screw Cap Bottle with Teflon
Gasket..................... 15
Sealed Glass Tube. ... ... .. . b

(a) Inspected after 1, 2, 3. 5. 7. 10, 15,
30 and 60 days storage (b) No hydro-
phobic contamination after 60 days

FIG. 1—Effectiveness of c¢lean storage
vessels in preventing hydrophobic recon-
tamination of clean fest specimens

peroxide failed the atomizer test.
Parts cleaned by alkaline cleaners
all passed the water break test.
Parts cleaned by solutions of car-
bonate-silicate passed the atom-
izer test, but hydroxide-carbonate
and hydroxide-phosphate solution
failed to clean the parts. A few
lengthy heat treatments in dry or
wet hydrogen passed the water
break test, but all cycles in dry
nitrogen and dry or wet hydrogen
failed the atomizer test. Sequential
oxidation-hvdrogen reduction heat
treatments passed both tests.
Abrasive cleaning (liquid hon-
ing) passed the water break test,
but failed the atomizer test. Aque-
ous oxidation in 3 percent hydrogen
peroxide passed both tests when
parts were held 20 minutes in baths
of 90-100 C temperature and pH
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Get out your pencil and help yourself to

electronics READER SERVICE

it's free—it's easy—
it's for your convenience

tise these handy READER SERVICE CARDS for more
information on:

ADVERTISEMENTS—NEW PRODUCTS--
LITERATURE OF THE WEEK

1—Circle the number on the postpaid card below that
corresponds to the number at the bottom of Adver-
tisement, New Product item, or Literature of the
Week selection.

2—Please print carefully, as it is impossible to process
cards that are not readable.

FOR SPECIFIC ITEMS IN
MULTI-PRODUCT ADVERTISEMENTS

For more information on specific items
in multi-product advertisements, print care-
fully on the Reader Service Card below in
Box A" the circle number of the adver-
tisement and the specific product(s) on
which you desire more information.

e ——————— =

HOW TO SUBSCRIBE—
HOW TO RENEW YOUR SUBSCRIPTION

10 electronics——-

If you are not a subscriber, or if
your subscription is about to ex-
pire, to receive electronics regu-
larly, fill in the section “FOR
SUBSCRIPTIONS” on a card below.
Send no money, electronics will
bill you at the address indicated
on the Reader Service Card.

Correct amount of POSTAGE must be affixed for all FOREIGN MAILINGS

~orrect amount of POSTAGE must be affixed for all FOREIGN MAILINGS

FOR SUBSCRIPTIONS:

‘ce ® READER SERVICE CARD @ Pleass Print Carefully (CHECK ONE BOX)
SEPT ]8 2 59 Yeo!,ReCtronlcs ] NEW [ RENEWAL
.CARD EXPIRES. NAME POSITION (CHECK ONE BOX BELOW)

NOV 1859..

DOMESTIC vy —$ 600

COMPARY 0 3 yn. — $12.00
ADDRESS CANADA 3% yr. — $10.00
o FOREIGN 1y — $2000

CIRCLE THESE NUMBERS WHEN INTERESTED IN ALL ITEMS SHOWN

IN

ANY ADVERTISEMENT

Product(s) manufactured:
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INSIOE FRONT COVER tNSIOE BACK COVER [§}}
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*
— elecironics ® READER SERVICE CARD ® siecss #im cartory| FOR SUBSCRIFTIONS:
SEPT 18 - 59 v ONew D RENEWAL
" 'CARD. EXPIRES NAME POSITION (CHECK ONE BOX BELOW)
Nl COMPANY DOMESTIC [J 1 yr. —$ 600
- 13 yrs. — $12.00
ADDRESS_V - CANADA Otvy. — $10.00
FOREIGN O4vyr — $20.00
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Inevery industry there's always
ONE accepted Product and
Data Buying Book...in elec-
tronics it's the BUYERS'
GUIDE — fundamental in any
sales program aimed at the
electronics and allied indus-
tries. Its 52,000 paid subscrib-

ers are important Design-

ONE! ,

Research/Production/
Management Engineers, who,
individually, or working in com- .
bination with one another,
influence the purchase of prod-
ucts, materials and services...
whatever is bought by the

entire industry.

@ electronics

A McGRAW-HILL PUBLICATION

330 West 42nd Street » New York 36, N.Y. "
FIRST CLASS

PERMIT NO. 64

BUS'NESS REPLY MAIL (SEC. 34.9 P.L&.R)

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES NEW YORK' N. Y.
——
6¢ Postage Will Be Paid By S—
—
ELECTRONICS —
Reader Service Dept. —
—
330 West 42nd Street —
——
New York 36, N. Y. i
—

FIRST CLASS
PERMIT NO. 64
BUSINESS REPLY MAIL (SEC. 34.9 P.L.&R)
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES NEW YORK, N. Y.

6¢ Postage Will Be Paid By
ELECTRONICS

Reader Service Dept.

330 West 42nd Street

New York 36, N. Y.



above 5. Ultrasonic cleaning in a
continuously flowing system failed
hoth tesls when the cleaning me-
dium was a detergent solution,
carbon tetrachloride or carbon
tetrachloride with 180 mesh silicon-
carbide. Ultrasonic cleaning in al-
kaline silicate for 30 minutes at
60 C passed both tests.

Cleaned parts must be protected
against contamination. Several
simple storage systems were evalu-
ated. Fig. 1 indicates that effec-
tive storage may be achieved for
periods up to two months in clean
vessels containing room  air.
Length of effective storage appears
to depend on container seals.
(From a paper by the authors in
“Symposium on Cleaning Elcctronic
Device Components and Materials,”
ASTM STP 246, American Society
for Testing Materials, Philadelphia,
1959.)

Pneumatic Tube Shoots
Screws to Gun Driver

Sets screws are transported from table-
top selector to gun via tube

GUN-TYPE automatic feeder-driver
for set screws, recently announced
by The Bristol Co., Waterbury,
Conn., permits screws to be driven
15 feet or more from the machine.
The machine is also portable.

Screws are fed from a rotary hop-
per to a selector which orients the
screw by feeling for its socket. The
screw is then carried by air pres-
sure through a flexible tube to the
air gun driver. The gun can be
mounted on the machine for sta-
tionary use.

Models will handle screws in three
size ranges, numbers 4-8, number
10 through +x inch diameter and
£-1 inch diameter. Changeover takes
about 20 minutes. Rate is up to
2,000 an hour, depending on torque
setting, screw depth, operator pro-
ficiency and fixturing.

ELECTRONICS - SEPTEMBER 18, 1959
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A NEW DIMENSION
IN SCIENTIFIC
OPPORTUNITY

FOR SCIENTISTS - ENGINEERS

RCA'’s continuing research and development program—which recently pro-
duced the dramatic nuvistor concept—has a limited number of challenging
project assignments available to qualified scientists and engineers. You
are invited to inquire about these key positions if you have a degree in...

ELECTRICAL ENGINEERING « CERAMICS « PHYSICS METALLURGY
Phone or write: Mr.J.F.McPartland - Dept. J-269 « HUmboldt 5-3900

M) RADIO CORPORATION OF AMERICA

L

- Electron Tube Division » Harrison, New Jersey

67



On The Market

Connectors
microminiature

ELco Corp., M St. below Erie Ave.,
Philadelphia 24, Pa. Series 8100
Varicon connectors are for applica-
tions where highest contact density
and reliability are a necessity.
Contacts are of the forklike mating
Varicon principle, assuring lowest

Console Cabinets
for modular systems

PREMIER METAL Propbucts Co., 337
Manida St., New York 59, N. Y. A
new line of Prem-O-Rak console
cabinets are designed for modular
console systems. The two-tone cabi-
nets can be assembled in a wide

contact resistance at all typical en-
vironmental conditions. Current
rating is 3 amperes; withstanding
voltage at sea level. 1,000 v a-
rms; at 3.4 in. Hg, 500 v a-c rms;
contact resistance, 0.005 max.; in-
sulation resistance 1,000 megohms,
min.; insulation material. diallyl
phthalate. glass-filled.

CIRCLE 200 ON READER SERVICE CARD

consists of sloping cabinets, pedes-

tal frames, work tops, writing
shelves, turrets and sliding
drawers., They are also designed,

the manufacturer says, to be used
with Premier heavy duty transmit-
ter racks (PR series) as well as
the PPrem-O-Rak desk cabinet racks
(POR series).

CIRCLE 207 ON READER SERVICE CARD

variety of arrangements. System
Base Stations

for mobile vhf/f-m
CoMMUNICATIONS Co., INC.,, 300

Greco Ave., Coral Gables, Florida.
Series 580/582 Fleetcom series
combines its transistorized power
supply  with the combination

the

Thus
unit is re-
duced in size (9 by 12.25 by 5.5 in.

speaker/control unit.
transmitter/receiver

in height). Transmitter provides
35-40 w output, 25-54 me, or 25-30
w, 144-174 mc. Base station price
is in the $400 class.

CIRCLE 202 ON READER SERVICE CARD

Terminal Blocks
stud-type

KuLka ELECTRIC CoRP., 633 So.
Fulton Ave.,, Mt. Vernon, N. Y. A
stud-type molded-barrier terminal
block is available in various sizes
accommodating from 1 to 26 stud
posts, and in current-handling rat-
ings from ma to 90 amperes. Screw

Magnetic Shielding
for toroids

MAGNETIC SHIELD DIVISION, PER-
FECTION Mica Co., 1322 No. Elston
Ave., Chicago 22, Ill. Lightweight
Netic and Co-Netic foils provide
shielding at minimum cost where

Recording Heads

all-metal
GENERAL TRANSISTOR WESTERN
CorpP.,, 6110 Venice Blvd.,, Los

68

Angeles 34, Calif. All-metal, 20-
channel universal head records 20
channels of audio or digital in-
formation on 1-in. tape. All-metal
construction adds life and prevents

studs are separated by molded bar-
riers for minimized electrical leak-
age and shorts. Molded thermoset-
ting plastics are used., with high
tensile strength bakelite for gen-
eral commercial use, and in CFG,
MFIZ, MAI1-60, MME and MDG to
meet MIL-M-14 specs.

CIRCLE 203 ON READER SERVICE CARD

circuitry  and spacing demand
shielding of toroids. Foils lend
themselves to encapsulation, are

non-shock sensitive, non-retentive
and require no periodic annealing.
The foils help the designer achieve
high density packaging.

CIRCLE 204 ON READER SERVICE CARD
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OFFNER [
ALL TRANSISTOR

TYPE

llluminated canopy

the most versatile . . .

most sensitive direct writing unit available

DYNOGRAPH

i

Type 9800 series input couplers provide all input, contro!
and balance functions. Input available both front and rear,

Type 481 Preamplifier provides sensitivities
from one microvolt to 5 volts per mm.

Type 482 power amplifiers—may be used without
preamplifiers for up to 10 mv/cm sensitivity

Zero suppression control

Combining oll these features...

true differential input
high input impedance
response to beyond 150 cps.

stable d-c sensitivity of one microvolt per mn

reluctance, differential transformer, strain gage wilh !i

TR
R

504-A paper drive—speeds
from 1 to 250 mm/sec. Elec-
trical speed shift 1 to 250
mm per minute available,
Zero weave high precision
drive, 850 ft. capacity (heat
or electric) 1500 ft. (ink).
Front loading, with full un-
obstructed record visible
from front.

a-c or d-c excitation, thermocouples, elc., used wilh 1 Thanks for your patience in
all preamplifiers . awaiting deliveries of the
« deflection time less than 1.5 milliseconds | Tige R SSledlisg i
(2.5 ms with preamplifiers) i temporarily disrupted by

) o ) ) i the large volume of orders

* fixed precision calibration i received for this radically
e instant warm-up R new instrument. We arenow
. .. : Iy { inour new plant, with 300%
gsfs;sgg;::drce for d-c and 400 cycle excitation, } more space, and are rapidly

e zero suppression, twenly times full scale,

increasing production ca-
pacity. Deliveries will soon

' ¢

both directions

U

be on a current basis.

All these features . . . plus 8 channels in only
35" of rack space. Whatever your application
for direct writing records . . . you should inves-
tigate the ability of the Oftner Type R Dynograph
to do the job better and more simply. Using tran-
sistor circuits* developed and tested for over
three years in thousands of channels of Offner
cquipment, the Type R Dynograph has already
proved its superiority in practically every respect
to any other direct writing oseillograph. Write on
your company letterhead for literature giving
details and specifications.

FULL SCALE, UNRETOUCHED CHARTS PRODUCED
ON THE TYPE R DYNOGRAPH

/ "'""f""[““'-‘x

i1 -~

EXTREME SENSITIVITY
10 Microvolt RMS Ten Microvolt
Slne Wave D-C Square Wave
Four recording media. Heat or electric rectilinear—ink or
eleciric curvilinear. Readily convertible.

*Patents granted and pending

OFFNER
ELECTRONICS INC.

3906 River Road, Schiller Park, .
{Suburb of Chicago)
CIRCLE 69 ON READE® SERVICE CARD
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Shown here:
portion of Arnoux-built
telemetry-receiving station.

»

No technical hold ever resulted becavse of an
Arnoux Telemetering Decommutation System
(TDS)...none has erer been returncd for
factory attention. Rowtine, minimal field-support
calls have kept cacli unit functioning efficiently
and accurately. Engincers prefer the TDS because
i's actually possible to “adjust-in reliability?’

>K The Arnoux TDS accepts all PAM & PDM IRIG

inputs...is modular, compact, small...built-in
calibration...any channel easily replaced

with standby plug-in units ... independent
linearity within =15¢7 of full scale...long-term
level drift within =15¢, . . no errors due to
SCO center-frequency drift or discriminator de
output-level drift or tape-plavback speed
variations...no heating problems...simple,
novel circuitry. BULLETIN 800b.

ARNOUX CORPORATION l
11924 W. Washington Blvd.  Los Angeles 66, Calif

ARNOUX |

PHONETICALLY, SAY ARE'NEW

DECOMMUTATORS|

70 CIRCLE 70 ON READER SERVICE CARD

tape oxide buildup. Unit incorpo-
rates high efficiency design. pre-
cision lupped gap and full shielding
between channels.

CIRCLE 205 ON READER SERVICE CARD

Power Supply
transistorized

SOUTHWESTERN INDUSTRIAL ELEC-
TRONICS Co., 10201 Westheimer Rd.,
Houston. Texas. Model PS-25 air-
burne power supply has five regu-
lated outputs protected from over-
load and short circuit to prevent
component danrage. Outputs are
17} v d-c, positive and negutive, 5
percent regulated; 110 v d-¢, posi-
tive and negative, 1 percent regu-
luted; and 6.3 v a-c, 5 percent regu-
lated. All voltages have final po-
tentiometer udjustment.

CIRCLE 206 ON READER SERVICE CARD

Silicon Transistor

diffused-base

TEXAS INSTRUMENTS INC., P. O. Box
312, Dallas, Texas. The 2N702 sub-
miniature 25-millimicrosecond sili-
con “mesa” switching transistor
dissipates 150 mw at 100 deg in
free wir. It provides a guaranteed
d-c beta spread of 15 to 45 and a

SEPTEMBER 18, 1959 « ELECTRONICS



This same water does a big job at our new plant!

You’ll find high production and pleasant living side by side in
North Carolina’s northeastern corner. Rivers and lakes where big
bass lurk also provide abundant industrial water.

And at Roanoke Rapids, they turn the turbines that add an extra
100,000 kilowatts to Vepco’s fast growing power capability. There’s
over 1,700,000 kilowatts available for your new plant now . . .
building toward 2,000,000 kilowatts by 1961.

For more facts about this land of mild climate, many resources
and plentiful, home-grown manpower . . . or for confidential site-
finding help . . . write, wire or telephone VEPCO today.

VIRGINIA ELECTRIC and POWER COMPANY

Serving the Top-of-the-South . .. in Virginia, West Virginia and North Carolina
Clark P. Spellman, Mgr., Area Development, Electric Bldg., Richmond 9, Va., MI 9-1411

ELECTRONICS + SEPTEMBER 18, 1959
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Corles Perkins, Chief of Flight Condrol Systems
oneywell Aeronautical Division

66 I need analytical, systems,

component engineers to
work w flight control systems 99

“Our team at Honeywell introduced the first successful electronic auto-
pilot in 1941 —the C-1 of World War II fame. Since, we have produced
more flight control systems than any other company and have devel-
oped concepts in flight control that are now standard in this field.
Today, most top aircraft and missiles are equipped with Honeywell
flight controls. Our group has expanded steadily and now we need
additional engineers.

“I'm looking for analytical engineers capable of simulating (mathe-
matically on paper or computers) chanacteristics and problems in
missiles and aircraft control, stability, and control systems. These men
have good math backgrounds with analog computer experience.

“Systems engineers for our group should be capable of interpret-
ing analytical results into navigation, guidance, or flight control sys-
tems. They should be electrical engineers experienced in systems—
ideally, with experience in flight control in the aviation industry.

“Components engineers should be electronics men with emphasis
on transistor circuitry. These are the men responsible for designing com-
ponents which go into the system. Must have circuitry design experience.

“If you fit one of these categories, I'd like to hear from you. Just
drop a line including pertinent information on your background,
interests, and accomplishments to my Technical Director, Mr. Bruce
D. Wood. He will arrange a meeting—to answer your questions about
Minneapolis-Honeywell —to discuss your plans and the possibility of
a career with Honeywell.”

H MINNEAPOLIS ll

AERONAUTICAL DIVISION m
1433 Stinson Blvd., N.E., Minneapolis 13, Minn.

facilities in the Boston area, Philadelphia area, Los Angeles area, Minneapolis,

Sealtle, St. Petersburg, Chicago and Freeport, Illinois, Denver and the Washington,

1).C. area. Send resumé to H. D. Eckstrom, Dept. 83913, Director of Employment,

Write: Bruce D. Wood, Technical Director, Dept. 849D.
Fine opportunities also exist in other Honeywell development and manufacturing
Minneapolis Honeywell, Minneapolis 8, Minnesota.

maximum collector cutoff current of
0.5 pa. Minimum breakdown volt-
age is 20 v and maximum satura-
tion voltage is 0.6 v. Unit is
packaged in the subminiature
JEDEC-outline TO-18 case which
meets the E3-58 base-dimension re-
quirements.

CIRCLE 207 ON READER SERVICE CARD

Logic Module Tester
avtomatic

ATRONIC PRrRoODUCTS, INC., One Bala
Ave.,, Bala-Cynwyd, Pa. Machine
measures logic circuitry printed on
cards under operational conditions.
Performs several types of static and
dynamic tests on “go” or “no go”
basis. Speed, degree of response
and continuity of circuitry are
measured. Tester provides its own
power supplies, pulse generators
and voltage sources. Adapters are
provided for setting up sequences
and limits of tests performed on
transistor cards.

CIRCLE 208 ON READER SERVICE CARD

Tuned Amplifier

sub-audio

ADp-Yu ELECTRONICS LAB., INC., 249
Terhune Ave., Passaic, N. J. Type
301 sub-audio tuned amplifier con-
sists of a high gain, direct coupled
cascode amplifier, two cathode fol-
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Kester

Solder

offers new manufacturing
facilities for ¢ e
-.\"-\ { B
o JLS < { ' NEVADA
the

West!

,-.SACRAMENTO

In keeping with The Kester Solder Com-
pany policy of only the finest in Solder
and Fluxes coupled with unparalleled
scrvice and speedy delivery, we are

\
i

)
\

pleased to anmounce the opening of our

new manufacturing facilities at Anaheim,
California.

ARIZONA

All orders and inquiries originating in
the western states and directed to Ana-
heim will receive prompt attention and be
expedited without delay.

A 1007 1 it 7y
KESTER SOLDé

IMMEDIATE SERVICE ON ENGINEERING PROBLEMS...CALL, WRITE OR WIRE, THERE IS NO OBLIGATION

Kester Solder

COMPANY

913 Orangethorpe Park, Anaheim, California * Telephone: TRojan 1-0280
Home Office: 4204 Wrightwood Ave., Chicago 39, Il|. - Factories also at Newark, New Jersey, Brantford, Canada

OVER 60 YEARS' EXPERIENCE IN SOLDER AND FLUX MANUFACTURING

ELECTRONICS - SEPTEMBER 18, 1959 CIRCLE 73 ON READER SERVICE CARD 73



The NEW Series BH100

M-\ e

THE INSTRUMENT
with the TAPE-SLIDEWIRE

digital reading.

* TRADE MARK

000000D000000000DO0OODOOOOODGO

g
¥
<
<
eseme soves

Soles.Engineering Offices:

TORONTO, ONT, (George Kelk itd.),

/ 10 1hE size...

10 1imes THE Accuracy

OF STANDARD INSTRUMENTS!

Resolution: 1 part in 10,000
LABORATORY PRECISION for the operating plant.
COMPATIBLE with any transducer—AC or DC.

For strain gage, linear differential transformer,
thermistor, resistance thermometer,
quency circuits or systems.

Parabolic or logarithmic functions are linearized for direc

® Every scale unit is a calibrated value.

Produced by the makers of the JETCAL® jet engine Analyzer...
in worldwide military and airline use!

Full information is available for the asking!

B&H INSTRUMENT
CO,, INcC.

3479 West Vickerv Bivd., Fort Worth 7, Texas

ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.I., N.Y., WICHITA, KAN.
MITCHAM, SURREY, ENGLAND (Bryons Aeroquipment Ltd,)
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thermocouple,
pulse or variable fre-

I
|

l

lowers and a tuned RC twin-T net-
work. It is suitable for filtering
distortion and noise from the wave-
forms at the output of transducers
or pickup devices. Amplification at
center frequency is approximately
unity; frequency range, 0.3 to 3,000
cps, continuously adjustable, with
attenuation of second harmonic
above 35 db, third harmonic above
45 db, and 50 db for higher har-
monies.

CIRCLE 209 ON READER SERVICE CARD

X-Y Recorder
high writing speed

SANBORN Co., 175 Wyman St., Wal-
tham 54, Mass. Model 670 X-Y
recorder uses optical galvanom-
eters, a light beam trace and imme-
diate-developing direct print paper
charts. It makes possible fast, ac-
curate recording of families of
transistor curves, or of rapid me-
chanical displacement. velocity and
acceleration. Writing speeds in ex-
cess of 2500 in./sec may be at-
tained. Overall frequency response
is 3 db down at 130 cps and is in-
dependent of amplitude. Linearity
is 1 percent of full scale; sensitiv-
ity, as high as 62.5 uv/in.

CIRCLE 210 ON READER SERVICE CARD
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Voltage Regulators
militarized

SORENSEN & Co., South Norwalk,
Conn. Models 500 MIL and 1500
MIL regulators are suited for all

land-based military requirements.
(Continued on p 76)
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TWIN LAMP
ASSEMBLY
No. 248-6939-1437

SINGLE LAMP
HOLDER
No. 7538

Replaceable
Lamp Cartridges

In this brochure—complete facts on DIALCO’s

DATRLITES

For the Computer-Automation Industries

DATALITES by DIALCO are ultra-miniature Indicator Lights
specially designed to meet the critical requirements of

the computer-automation fields. Made in 2 basic styles:

Lamp Holders with DIALCO’S own replaceable Lamp Cartridges
(see above); or integrated DATALITES with Built-in Neon
Lamps which are not replaceable (see below). Ultra-compact,
single units mount in 34" clearance hole; the twin-lamp
assembly mounts in 34" clearance hole.

LAMPS USED:
T-1% wire-lead
incandescent lamps,

L P4 or NE-2E neon lamps,
M' in aluminum sleeves )
@% capped with plastic with
% lenses (7 colors). Rotatable §
= ° Lenses
DATALITES
R=—"— with
Built-in NE-2E
4 Neon Lamps

0. < 1
249-7840-1431 No. 249-7841-931 LLv
with Jit
built-in resistor No.

250-7841-1431

(Illust. approx. ~ with
actual size) LL bullt-in resistor

DATALITES have fully insulated terminals and conform to

all applicable military specifications. Integrated units

are available with or without built-in resistors. The

cylindrical lenses can be hot-stamped with digits, letters,

etc. Complete details in Brochure L-160. Send for it now.
SAMPLES ON REQUEST—AT ONCE—NO CHARGE
: M: irer of Pilot Lights

¥

DIALIY Go.!’ T
58 STEWART AVE., BROOKLYN 37, .~ = HYacinth 7-7600

CORPORATI
CIRCLE 99 ON READER SERVICE CARD
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No. 250-7840-1431 u‘g

remos

|

Applied Research ine.

WIDEBAND RF

AMPLIFIERS
40 to 1500 mcps

Low noise figure e Low power drain

Minimum size and weight High gain

TYPE HFW AMPLIFIERS are now available for operation
in the 600-1500 mcps range, with bandwidths of 100 to
more than 400 mcps in the upper ranges. These augment
the extant Applied Research amplifiers, which provide for

operation in the 40-600 mcps region.

ARI Amplifiers are used as part of receiving systems in
antenna preamplifiers, multicouplers, and high frequency
IF amplifiers, where faithful reproduction of signals and
amplification over a wide band of frequencies are required.
The low noise characteristics of these equipments result in

a dynamic range of greater than 60 db.

TYPICAL PERFORMANCE CHARACTERISTICS

HFW-5070-3 HFW-77100-3
500-775 mcps 775-1000 meps
Greater than 30 db Greater than 30 db
610 8.5db 8.0t09.5db

Less thon 1 db Less than 1 db

50 ohms 50 ohms

Less than 1.5 Less than 1.5

Less than 1.75 Less than 1.75
200V at 60 ma 200V at 60 ma
6.3V ot 2.1 amps. 6.3V at 2.1 amps.

Model

frequency range
Gain

Noise figure

Peak to valley ratia
Zin — Zout

VSWR Input

VSWR Output
Anode drain
Filament drain

Write for further information

Applied Research ine.

76 South Bayles Avenue, Part Washington, N. Y.
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FROM GENERAL

NOW...

HIGH

RELIABILITY
FOR PENNIES!

i

PRICED FROM1 5¢TO 3 5¢EACH

small size...ua leakage

INSTRUMENT CORPORATION

l

1XH — Half wave — 50 PIV, 12.5 Ma
2XH — Half wave — 100 PIV, 12.5 Ma
4XH — Half wave — 200 PIV, 12.5 Ma
5XH — Half wave — 250 PIV, 12.5 Ma
8XH — Half wave — 400 PIV, 12.5 Ma

TYPICAL
UNITS

Also available as doubler, center tap, 4-way bridge and special circuits.

For complete information, write today to Section E-2

RADIO RECEPTOR COMPANY, INC.
Subsidiary of General Instrument Corporation
240 Wythe Avenue, Brooklyn 11, N.Y.

General Instrument Corporation includes F. W. Sickles Division,
Automatic Manufacturing Division, Radlo Receptor Co., Inc,,
Micamold Electronics Manufacturing Corporation and

Harris Transducer Corporation (Subsidiarles)

76 CIRCLE 76 ON READER SERVICE CARD

They supply 500 or 1,500 va, respec-
tively, at nominal 115 v a-c. Output
voltage regulation is =0.5 percent
against variations in input line volt-
age, load, and power factor changes.
Less than 5 percent harmonic dis-
tortion is introduced.
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Magnetic Trigger
half-wave

AvioN DivisioN, ACF Industries,
Inc., 11 Park Place, Paramus, N.J.
The 408 series half-wave magnetic
triggers are designed specifically
for use with C35 or equivalent
series of silicon controlled recti-
fiers. Operating range is from 50
through 400 ¢ps. Outpul presents a
steep wavefront to the gate circuit
of the scr, allowing precise deter-
mination of firing angle. Control
signal is integrated over each half
cycle, so that a high signal-to-noise
ratio is achieved. Volume is less
than 11.6 cu in., weight less than
15 oz.

CIRCLE 212 ON READER SERVICE CARD

o

Rectifier
ceramic base

TRANSITRON ELECTRONIC CORP.,, 168
Albion St., Wakefield, Mass. All
power rectifiers in 1% in. hex base
series can now be supplied with
mounting base electrically insulated
from rectifying junction. High
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USE ELECTRONIC COUNTERS

AS DIGITAL VOLTMETERS

with SYSTRON’S NEW MODEL 1230
VOLTAGE to TIME CONVERTER

FEATURES:

@ All-Electronic System

® 10 Millisecond Conversion
0.05% Accuracy

PROVIDES:
o Automatic Polarity
@ == Microvolts to 1000 Volts

The development of Systron’s new Model 1230 now
makes it possible to convert any existing period or
{ime counter into a precision high speed digital volt-
meter. Connects directly to Systron Models 1010,
1040, 1043 and 1031 to provide an IN-LINE readout
(=10,000) of DC voltages.

Systron manufactures IN-LINE Counters for lah-
oratory, military and industrial applications, as well
as complete Data Processing and Control Systems
tailored to meet individual specifications.

Write today for complere specifications of Model 1230
and your free copy of our new Short Form Catalog . . .

_SysTRON

CORPORATION

@ 1 Megohm Input Impedonce

S PECIFICATIONS
MODEL 1230

Input Voltage Ranges: Errors:
0to=1, +10and Conversion - .+0.05%
+100v DC of full scale
Option A - +19 and Input Impedance:
-+100 millivolts full 1 Megohm (standard
scale ranges)
Option B - +1000volts Option A - 100,000
Indication: NIXIE [N- ohms
LINE, 10,000 (on Polarity: Automatic
Model 1031) polarity sensing

Conversion Time: .010  Price:
sedonas (Time between Mode! 1230 $1095.00
pulses) Option A 895.00
Option C .100 seconds Option B..  180.00
(100KC counters) Option C..  100.00
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Allmetal offers immediate delivery for your
stainless steel fastener needs. Thirty years
of “Know How’ specializing in the manu-
facturing of stainless steel fasteners is the
best answer to your fastener problems.
We are constantly alerted to maintain the
type and quality of stainless steel fasteners
you require for production. Do not hesitate
to inform us as to your full requirements.

Write on your company letterhead for latest
catalog. This too, automatically places you
on our mailing list.

N

b I SCREW PRODUCTS COMPANY, INC.
/,,'”‘_s
MANUFACTURERS OF STAINLESS STEEL FASTENERS
821 STEWART AVE, - GARDEN CITY « LONG ISLAND,N. Y.
GC-603 N. Y. PHONE: PIONEER 1-1200

P2 PPl hia AW AR RIS
MIDWEST 6424 WEST BELMONT AVE. - CHICAGO 34, ILLINOIS
DIVISION TWX CG 3185 PHONE: AVENUE 2-3232, 3,4

WEST COAST| 5822 WEST WASHINGTON BLVD. » CULVER CITY, CALIF.
DIVISION TWX LA 1472 PHONE: WEBSTER 3-9595
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CATHODE RAY TUBE BEZELS

lllustrated are o few of the stock molded phe-
nolic and/or cast aluminum Bezels and support
cushions available for most popular Cathode
Ray Tubes, Not illustrated. but also available,
camera-mount and illuminated types,

80070-SERIES

JAMES MILLEN MFG. CO., INC.

MALDEN
MASSACHUSETTS

CIRCLE 101 ON READER SERVICE CARD

specify... DID YOU KNOW THAT
G-E KSR* PRODUCTS ADVERTISED in
TANTALYTIC*
CAPACITORS

electronics BUYERS’ GUIDE
are UP-DATED WEEKLY?

Advertisers in the electronics BUYERS'
GUIDE use the 52 regular issues of

for computer, missile, rodor, and air- . .
electronics magazine to promote new

borne electronic equipment.

® Provide high microfarad ratings {n J ; products and keep the industry informed
cases of nominal size and weight with- [ . .

out loss of qualily or reliability, | about their latest technical developments.
® Offer voltage ratings to 150 volts d-¢ { electronics advertisers are offered the op-

§r2°5"(': o_pgrsd(;l;g +85C; to 100 volts for 7§ portunity to up-date their product adver-
® Are up to 509, lighter, 30% smaller tising by keying it to the catalog-type
comparcd itk Hover miczofaradiunifs g advertising in the BUYERS' GUIDE.

SPECIFYING INFORMATION on G.E.’s
complete Tantalytic line is available from
your nearest Apparatus Sales Office, or

write for GEA-6766A, to General Electric, .
Section 449-11, Schenectady 5, N, Y, electronics BUYERS’ GUIDE

*Registered Trodemork of Generol Electric Ca.

and Reference Issue

GENERAL (4§ ELECTRIC D CEmmstee @

New York 36, New York
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alumina ceramic disk provides low
thermal resistance, typically 1.5
C/w, and high electrical insulation.
Configuration needs no mounting
hardware and simplifies bridge as-
semblies.
CIRCLE 213 ON READER SERVICE CARD

Sweep Generator
for rapid analysis

PaNORAMIC Raplo Probucts, INC,,
514 S. Fulton Ave., Mt. Vernon,
N. Y. Model SG-1R gives rapid
analysis of tape and disk recorder
and pickup frequency responses re-
placing tedious point by point
methods. Amplitude vs frequency
is displayed automatically on spe-
cially calibrated crt screen of com-
panion oscilloscope. Unit combines
the swept signal output with a syn-
chronizing pulse for making of test.
records. Upon playback, the oscil-
loscope sweep is triggered by pulse
from test record at 1 cps. Test
record is normally made using repe-
titive log sweeps from 40 cps—=20
ke or 400 cps-200 ke. Linear and
40 db log amplitude scales are fur-
nished.

CIRCLE 214 ON READER SERVICE CARD

Oscillator
10 cps to 5 mc

THE GERBER SCIENTIFIC INSTRU-
MENT Co., 89 Spruce St., Hartford

ELECTRONICS < SEPTEMBER 18, 1959

BAUSCH & LOMB.
| DR-25
OPTICAL GAGE

| Now it's easy as A-B-C to get
direct scale readings to .0001”

| . . . anywhere in the 0" to 3"
range.

A Set part on anvil-no mas-
ters or set gages needed.

B Turn knob to lower spindle
l —stops automatically on
contact.

See precise measurement at
a glance—illuminated, mag-
nified, direct-reading scale.

BAUSCH & LOMB
MEASURING
BENCH COMPARATOR

With the micrometer stage, the
B&L Bench Comparator is the
ideal tool for direct visual com-
parisons and for linear mea-
surements to .0001"". Now two
new accessories add to its ver-
satility:
e Protractor Ring provides
quick, easy vernier readings
to 5’ of arc.

® Surface Illuminator concen-
trates intense light on the
work, exactly matching the
area of each objective.

MAIL COUPON FOR DATA
AND DEMONSTRATION

BAUSCH & LOMB

SIN((?H‘IS]

DISTRIBUTED IN THE U.S.A. THROUGH THE DoAlL CO

BAUSCH & LOMB OPTICAL CO. |
70945 St. Paul St., Rochester 2, N. Y. :
[J I want DR-25 Optical Gage Catalog D-285 |
[ and demonstration |
(3 I want Bench Comparator Catalog D-297 |
[ and demonstration |
|
|
|
|
|
|

TITLE

NAME

COMPANY

ADDRESS....hiiereimiiinineciirenee i
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make all your marking
clear... complete... lasting...

WITH A JOB-PROVED METHOD AND MACHINE FROM MARKEM

If new products present unusual marking problems, or you'd like to improve
your regular day-to-day marking operations, Markem can give you just the
help you need. For example, Markem can show you how to automatically
feed and imprint both the periphery and top of JETEC 30 case units. .. main-
tain high production with frequent imprint changes... position “hard-to-hold”
components for exact marking . . . achieve sharp, readable imprints in small
areas or on uneven surfaces . .. color band at high speed with close registration
-+ - assure durability in pre-assembly marking. These - along with hundreds
of “standard” jobs- are being done by Markem machines every day.

Markem equipment in your plant provides the marking clar-
ity, durability and speed you need—and often at considerable
savings. Get specific help now with your requirement, based
on nearly 50 years of Markem experience in industrial marking.
And ask for a copy of the ‘‘Electrical/Electronics’’ catalog
describing 24 Markem machines for marking cylindrical, flat

“ﬁm MACHINES

s ot GACTHOPE EATHES

Markem Machine Co., Keene 5, New Hampshire.

MARKEM

EVERYTHING INDUSTRY NEEDS...FOR PROFITABLE MARKING .. SINCE 1911 ‘
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and irregular shapes; tubing, wire, tapes and labels. Write I

1, Conn. Model GO-20F oscillator
is a wide-frequency range unit cov-
ering the band 10 cps to 5 mc. It
features a 50 ohm output imped-
ance, a Wien bridge stabilized
oscillator, excellent frequency sta-
bility, low distortion, and continu-
ous control of the output voltage
level. Some of its applications in-
clude circuit development, generat-
ing signals which may be directly
coupled to coaxial cables, providing
a stable low impedance source for
loads whose impedance varies, and
for alignment.

CIRCLE 215 ON READER SERVICE CARD

Coaxial Switch
large size

TRANSCO PRODUCTS, INC., 12210 Ne-
braska Ave., Los Angeles 25, Calif.
New large “YL” type coaxial switch
for use with RG117/U and similar
cables is shown contrasted with
regular “Y” type coaxial switch.
Both are manufactured by the com-

pany.
CIRCLE 216 ON READER SERVICE CARD

e

Solid-State Switch
for automation use

PARAMETRICS, P. O. Box 629, Costa
Mesa, Calif. The Proxor is a solid-
state switch triggered by metal in
the proximity of a sensing coil. Only
{ in, in diameter and 4 in. long, it is
completely self-contained. The sens-
ing coils, the bridge, transistor
oscillator, two-stage  transistor
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MORE Top Producers use

IIEXACON SOI.DERING IRONS

INDUSTRY'S
NO. 1

HEXACON

SOLDERING
IRON

Follow the Leaders and Use HEXACON

HEXACON ELECTRIC CO. Write for Catalog showing the most
130 WEST CLAY AVENUE complete line of Industrial Soldering

ROSELLE PARK, NEW JERSEY Irons and Long:-Life HEXCLAD Tips.

SERVING INDUSTRY FOR A QUARTER OF CENTURY
CIRCLE 102 ON READER SERVICE CARD
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FOR YOUR LABORATORY

“NEED CAPITAL?

For electronics or missile
companies needing

capital without loss of Model 6545L

Test Volume 10" x 7" x 7"
Preferably com- PORTABLE

B
DELTA TEMPERATURE CHAMBER
— 100°F to 4= 500°F
DRY ICE OR LIQUID CO, COOLING
TIME SAVER — always ready on your
test bench. No waiting for scheduled
time in large chambers
o AUTOMATIC temperature control
management.” o LOW COST and maintenance
o RELIABLE components and stainless
steel interior
OTHER MODELS INCLUDE A RACK
MOUNTED UNIT AND A WIDE DRAWER
CHAMBER (Test Volume 16”x7x1")

DELTA DESIGN ENGINEERS
Sales Dept. - 7460 Girard Ave.
La Jolla, California

control.

panies with growth po-

tential; past earnings not

essential. No risk or ob-

ligation to owners or

Frank J. McGrath Corporation
630 Fifth Avenue, New York 19, N. V.

TWX: La Jolla Cal 6453
CIRCLE 104 ON READER SERVICE CARD
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An interesting opportunity for a

STAFF CONSULTANT
on CIRCUIT THEORY

The Hughes Systems Development
Laboratories, responsible for

the research and development of
advanced airborne and space
electronic and nuclear systems,
has several important openings for
staff engineers to provide theo-
retical support to circuit designers
in the fields of

NOISE THEORY
INFORMATION THEORY
SERVO THEORY

The engineer should have a degree
in Mathematics, Physics, or
Electronic Engineering and should
have at least two years of directly
applicable experience.

The assignments will be on specific,
well organized projects and the
efforts will contribute, in a nijor
way, to the successful development
of important weapons systems.

Salaries will reflect the unusual
background required.

Please airmail your resume
direcily to:

Mr. Robert A. Martin

Supervisor Scientific Employment
Hughes Research

and Development Laboratories
Culver City, Calif.
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BENDIX GEAR HEAD MOTORS
AND MOTOR GENERATORS

... tatlor-made or standard
for any requirement

“Ratios to order” describes the complete Bendix line of gear
head motors and motor generators. Long experience in the
design and production of these precision devices has taught
us how to pack high-operating torque capacities and power
into small packages—and into big ones, too, if that’s what
you need. And we can deliver from our wide standard line at
volume-production prices. We've a wide range of frame sizes
available or will build special sizes on special order. No matter
what the size or ratio required, we can produce it. In fact,
units have been dclivered from our standard line with ratios
ranging from 7.22:1 up to 42,471.90:1. Many other “produc-
tion” models are now under development. DESIGN VARI-
ATIONS, TOO! For example, we can provide units with:
backlash of 1/10° without using anti-backlash devices: offset out-
put shafts; gear heads to be mounted by internal fasteners or
by external clamps; and many other variations.

Whatever your requirements in gear head motors and motor
generators, our experience and facilities can produce the unit
you need. Write for details.

Eclipse-Pioneer Division

Teterbarg, N, J.
District Offices: Burbank and San Francisco, Calif.;
Seottle, Wash.; Doyton, Ohio; ond Washington,
D. C. Export Sales & Service: Bendix Internationa |
Division, 205 E. 42nd St., New York 17, N. Y.

. v

AVIATION CORPORATION

YFOR PRECISION
COMPONENTS THAT DO
THE JOB BETTER—TRY THE

genoix B
SUPERMARKET'

‘Eiﬁﬁﬂﬁ%

gepasat R L ARAR ! ‘
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switch, and a miniature printed cir-
cuit board are all encapsulated in
the chrome-plated case. Some fea-
tures are: Proxor can distinguish
between magnetic and other
metals; it will furnish voltage steps
at ultra-low rates down to stand-
still; no electrical contact need be
made between Proxor and work-
pieces.
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L

Power Transistors

npn type

CBS-ELECTRONICS, Parker St., New-
buryport, Mass. Line of npn power
transistors for complementary
push-pull and cascade circuits. For
resistive loads, 2N326, LT-5163, LT-
5164 and LT-5165; for inductive
loads, LT-5163L, LT-5164L and LT-
5165L. They feature collector volt-
ages to 80 v, maximum collector
current of 2 amperes, minimum cut-
off frequency of 150 k¢ and they

meet the MIL-19500A specification.
CIRCLE 218 ON READER SERVICE CARD
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Requlated Supply
0-1,000 v

KEITHLEY INSTRUMENTS, INC.,
12415 Euclid Ave., Cleveland 6,
Ohio. Model 240 regulated h-v sup-
ply selects d-¢ voltages for the lab-
oratory. It can be used to test in-
sulation, supply potentials for diode
and capacitance leakage resistance
measurements, excite ion chambers
and photocells, or 1o calibrate
meters and check d-¢ amplifier
gains.

CIRCLE 219 ON READER SERVICE CARD
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MINIATURIZATION

We are far into new areas with miniaturized and microminia-
turized electromagnetic devices used in the Inertial Guidance
systems we build. Our staff ngs in miniaturization are for
men whothink big. Write toMr. C. T. Petrie, Manager, Research

& Enginocering Staff.

LITTON INDUSTRIES Electronic Equipments Division
Beverly Hills, California

M I Precision
Apparatus
NEW HEAVY oo PR ving '
o n i
DUTY 2 & 3 ~ & Nameplates
DIMENSIONAL : Fine Routing Work
ENGRAVER | & L Profiling Small
F Objects
Making Smaii Ules
and  Molds

“ELECTRICAL
COIL WINDINGS

e Encapsulated
Bobbin
Paper Interleave
Cotton Interweave
Form Wound
High Temperature

UHF COAXIAL
WAVEMENTERS

Send us your coil speci-
fications for quotation.

TRANSFORMERS MADE TO ORDER

THE DANO ELECTRIC
COMPANY

MAIN STREET e WINSTED, CONN.
CIRCLE 106 ON READER SERVICE CARD

2.75
> Centirneter
v Range ]

Send for Mustrated Catalogs
MICO INSTRUMENT CO.
77 Trowbridge St. Cuambridye 38, Mass.
CIRCLE 105 ON READER SERVICE CARD
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P.S. and don’t forget these
other quality products at the

BENDIX
“SUPERMARKET”

With our greater varicty and
greater volume of the precision
components listed below, we
have become the “supermarket”
of the industry. We feature fast
delivery and mass-production
cconomy—plus the highest pre-
cision quality.

400-CYCLE SYNCHROS
(Frame sizes: 8, 10, 11, 15, 22)
Control Transformers
Differentials « Receivers
Resolvers « Transmitters

GYROS
Directional, Free, Rate, Roll
and Vertical Gyro Transmitters
« Stable Platforms

MOTORS AND GENERATORS

* Low-Inertia Servo Motors
* Motor Generators ¢ Precision
Induction Tachometer
Generators * Rate Generators

PACKAGED COMPONENTS
Analog-Digital Converters
Azimuth Counters + Cam Com-
pensators » Clutched Synchros «
Dual-Speed Synchros « External
Slip-Ring Synchros + Follow-Up
Mechanisms » Miniature Dif-
ferential Gear Assemblies
Servo Assemblies

RADAR DEVICES
Airborne Radar Antennae e
Ground Antenna Pedestals

YoB\BS

You Can't Beat The Bendix
"Supermarket”. Try us.

Eclipse-Pioneer Division

?ﬂ/jl/

AVIATION CORPORATION

*ror PRECISION
WPONENTS THAT OO
g NoB BETTER— TRY THE
BENDIX

. w

UL

e (250
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a silicone resin sleeving
so flexible you can get it
in spools or coils!

@ FLEXIBLE — may be manipulated at all tempera- ( /
tures, —70° to 4-500° F. without cracking or

checking. Dielectric strength remains even when VARGLAS l
sleeving is knotted.

@ HIGH DIELECTRIC STRENGTH — up to 7000 SILICONE RESIN
Volts, depending on grade. Certified to meet “500”
government specification MIL-1-3190, latest re-

@ RADIATION RESISTANT — retains nonconduc-
tive properties under greater-than-average ran- /

wion. SLEEVING

dom intensities.
@ WIDE RANGE OF SIZES —.010” 1D. to 3" Ext ' fol wh o
I.D. Larger sizes possible. ' o remely sety) whare e
urization increases heat and

@ COLOR CODED — available in 12 brilliant, dielectric load on smaller wires,

non-fading colors. Varglas Silicone Resin 500" is
only one of many sleevings [

@ CHOICE OF LENGTHS —for the first time, made by Varflex for this type
continuous lengths up to 5000 feet available, thus of service. If you have a special

eliminating waste. 36 inch lengths where pre- insulating problem, call on our ’
cerreds engineers for modifications of

existing products, or for de. I
O DEPENDABLE, FAST DELIVERY — Immediate velopmental work to meet

delivery on standard items from stock ... 48 stringent new requirements.

hours for new production.
® Send for free test samples.

m SALES €O., INC.

“*Never Satisfied Until You Are’”’ |
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Literature of

MATERIALS

Flameproof Plastics. Mesa Plas-
tics Co., 12270 Ncbraska Ave.. Los
Angeles 25, Calif. Seven new
flame-proofed and heat resistant
diallyl phthalate plastic molding
compounds for electronic and elec-
trical use are featured in a 4-page
specification sheet.

CIRCLE 250 ON READER SERVICE CARD

COMPONENTS

Delay Lines. Microsecond Elec-
tronics, Inc., 32131 E. Washington,
Phoenix, Ariz. A technical article
discusses delay lines, defines pa-
rameters, and describes methods
of measuring the electrical char-
acteristics of delay lines using
both pulse and c-w techniques.

CIRCLE 251 ON READER SERVICE CARD

P-C Terminal. Litton Industries,
13536 Saticoy St., Van Nuys, Calif.
A data sheet describes a “floating”
printed circuit terminal which pre-
vents lifting of conductor lines
during the swaging operation even
under continued application of
heat due to soldering.

CIRCLE 252 ON READER SERVICE CARD

Subminiature Resistors. East-
ern Precision Resistor Corp., 675
Barbey St., Brooklyn 7, N. Y. The
“Min-Istor” brochure details a line
of subminiature wire wound re-
sistors. A handy temperature con-
version chart is included.

CIRCLE 253 ON READER SERVICE CARD

EQUIPMENT

Shaft Position Encoders. Datex
Corp., 1307 S. Myrtle Ave.,, Mon-
rovia, Calif. Bulletin No. 300-5 is
a four-page summary of standard
Datex shaft position encoders.
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Analog Computing Instruments.
George A. Philbrick Researches,
Ine.,, 285 Columbus Ave., Boston
16, Mass. A 4-page short form
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the Week

catalog on various lines of analog
computing instruments is avail-
able.

CIRCLE 255 ON READER SERVICE CARD

H-V D-C Supplies. Sorensen &
Co., Inc., Richards Ave., South
Norwalk, Conn. Sixty-three h-v
d-c power supply models are de-
scribed along with tabular specifi-
cations in a new product data
sheet.

CIRCLE 256 ON READER SERVICE CARD

Video Amplifier. Kay Electric
Co., 16 Maple Ave., Pine Brook,
N. J. A mailing card illustrates,
gives features and specifications
of the Transifier, a wide-band,
plug-in, transistorized video am-
plifier.

CIRCLE 257 ON READER SERVICE CARD

Half-Inch Panel Meters. DeJur-
Amsco Corp., 45-01 Northern
Blvd., Long Island City 1, N. Y.
An illustrated technical bulletin
gives specifications, outline draw-
ing and general information on
the series SC-030 panel meters.

CIRCLE 258 ON READER SERVICE CARD

FACILITIES

Field Services. Hoffman Elec-
tronics Corp., 3740 S. Grand Ave,,
Los Angeles 7, Calif. An 8-page,
illustrated brochure describes the
field service capabilities of the
company’s Laboratories Division.

CIRCLE 259 ON READER SERVICE CARD

Facilities Brochure. Computer
Equipment Corp., 1931 Pontius
Ave., Los Angeles 25, Calif. A
two-color brochure describes the
company’s capabilities and facili-
ties.
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Welded Assemblies. Raytheon
Co.. 55 Chapel St., Newton 58,
Mass,. has available a brochure
describing its welded assembly
technique for high density pack-
aging of electronic components.

CIRCLE 261 ON READER SERVICE CARD
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MISSILE
ENGINEERS

Please forward

resume 10:

Mr. W.F.O Melia
Employment Manager
Raytheon Company
Bedford, Massachusetts
or call collect:
CRestview 4-7100
Extension 2138

Tnauguration of a new weapons sys-
tems program at Raytheon has created
exceptionally rewarding openings for
Junior and Senior engineers with mis-
sile experience in the following areas:

Microwave design—
component and antenna

Aerodynamics

Communications systems

Digital programming

Guidance systems

Radome design

Computer systems

Heat transfer

Radar systems

Inertial reference systems

Feed-back control

Auto-pilot

Ground support

Electronic packaging

Radar systems—project management

Electromechanical engineering back-
ground in missile control and auto-
pilot design—project management

Mechanical engineering background
in ground handling of large missile
systems—project management

Living and working in the suburban
Boston area offers many advantages.
Relocation assistance and liberal
benefits.

M/ISS/ILE
SYSTEMS
D/IVIS/ION

—p—
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PLANTS AND PEOPLE

PEl Opens New Building

PULSE ENGINEERING, INC.,, manufacturer of magnetic components, has
completed a new building in Santa Clara, Calif., adding 12,000 sq ft to
its administration, engineering and production facilities. This more than
doubles the firm’s production capacity, according to president Hugh
Fleming.

With its added facilities, the company plans to hire more employees
and install advanced manufacturing methods and equipment. Pulse Engi-
neering is currently faced with its largest backlog since operations began
four years ago.

The new building is situated on a 1!-acre plot. Space is available for
another 12,000-ft plant planned by the company.

Pulse Engineering makes components for missiles, aireraft and business
computers. Darts are used in Terrier, Bomarc, Atlas, Jupiter, Polaris
missiles, as well as in many aircraft fire control and radar systems.
Civilian activity is centered around the scientific, business and automatic
control computer.

At present, the company’s sales volume exceeds $1 million annually.

lines, L-C tuners, multiplexes, and
pulse forming networks.

-

Name Goodman
Vice-President

JACK GOODMAN was recently ap-
pointed vice-president in charge of

GE Advances

the electronic components division
of JFD Electronics Corp., Brook-
lIvn, N. Y. He has been manager of
the division since 1949.

The division manufactures a wide
range of military and industrial
electronic  equipment, including
variable trimmer capacitors, delay

86

James Pitman

JAMES E. PITMAN has been named
manager of product planning
for point-to-point communication
equipment in General Electric's
communication products depart-

ment at Lynchburg, Va.
Previously a commercial engineer
in microwave product planning, Pit-
man will now be responsible for
long-range development on micro-
wave relay, power line carrier, and
terminal communication products.

Dibling Moves
To Midwest

CARL W. DIBLING has been named
field engineer for the midwest re-
gion by CBS Electronics, Danvers,
Mass. In addition to receiving tube
applications, he will specialize in
the use of semiconductor devices
for the entertainment market. He
was previously a field engineer in
the eastern region.

Prior to his association with CBS
Electronices, Dibling was test de-
partment supervisor and later a
project engineer and a quality con-
trol engineer with Video Products,
Inc., Red Bank, N. J. Following
that, he was chief inspector and
quality control manager for Trad
Electronics.

MAECON Sets Up
'59 Program

THIS year’s Mid-America Electron-
ics Conference will be held in
Municipal Auditorium and Hotel
Muehlebach, Kansas City, Mo., on
Nov. 3-5. The conference is spon-
sored by the Kansas City Section
of IRE.

Sixteen sessions will feature the
presentation of a total of 46 papers
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.rugged, non-metallic
ALITE

N
SAPPHIRE 7

)

\Qf/

o ideal for critical infrared
- and microwave applications

Looking for ways to improve infrared or micro-
wave systems designs? The unique advantages
offered by these Alite-Sapphire assemblies may
be just what you want!

Up to now, synthetic sapphire window units of
this type required difficult, and often unreli-
able, metallizing methods. We've developed a
high temperature non-metallic bonding tech-
nique that simplifies design problems, while
assuring a high strength, vacuum-tight
seal capable of withstanding extreme environ-
mental conditions.

The similarity of the Alite body to sapphire
(both are essentially aluminum oxide) offers
distinct advantages. Since Alite and sapphire
are nearly identical in composition, they have

ALITE

DIVISION

J381F

ELECTRONICS - SEPTEMBER 18, 1959

BOX 119

virtually the same dielectric constant, loss
factor, coefficient of expansion, mechanical
strength, and other superior characteristics.
Excellent design flexibility is achieved with
Alite, too. For in addition to the Alite-Sapphire
bond, if desired the Alite body can be metallized
and brazed to metal components to make
hermetic assemblies with integral feed-throughs.
Likewise, sapphire-to-metal seals can be pro-
vided where required.

Possible applications include infrared domes
for missiles, infrared spectrometry, fire detec-
tion equipment, microwave windows, ultraviolet
devices. We offer our technical assistance on
any applications where Alite-Sapphire assem-
blies may prove of value. Write for details.

ORRVILLE, OMIO

CIRCLE 87 ON READER SERVICE CARD

New York Office
60 East 42nd Si.
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NEW BENDIX

VOLTAGE-CONTROLLED
OSCILLATOR FOR
MISSILE & INDUSTRIAL
APPLICATION

B

What it does: produces a pulsed output whose |

frequency is proportional to input voltage.
Where it can be used to advantage :
e Analog to FM telemetry.

e Driving FM data handling system directly from
uncompensated potentiometer sensor.

o Converting EPUT meter to digital voltmeter.

e Providing 0.1% FM readout for voltage sensor.

e Acting as voltage integrator with cumuliative
counter.

o Checking response of pulse-averaging discrimi-
nators.

o As sweep frequency generator when driven by
integrator-connected DC amplifier fed with
square wave.

e As highly stable, variable frequency trigger
source with input potentiometer.

o As reference element in wide band feedback
discriminator.

Its performance characteristics:

Input Range.......... 0to-}-100 voits;d.c.tol KC. |
Qutput Range...... ... 10 KC to 110 KC. )
Qutput Pulse. . ....... 0.5 usec pulse, 0.1 usec rise

time. 80 volts amplitude,
either polarity.

Linearity. ............ Maximum deviation -0,
—0.2% of full scale from
straight line through 10 KC
and 110 KC. May be cor-
rected to best straight line
giving maximum deviation
of =0.1% of full scale.

Frequency Response. . .Response to a step input of
any amplitude is within one
period of the state fre-
quency corresponding to
the step input.

Input Impedance. ... .. Greater than 1000 megohms
at any input level.

Stability..............Drift over a 24-hour period
is 0.1% of full scale maxi-
mum after initial warm-up
period.

Power. .............. 100-125 volts, 60 cycle.

For further information write to: Dept. 19-18
Cincinnati Division

Cincinnati, Ohio

AVIATION CORPORATION

88 CIRCLE 88 ON READER SERVICE CARD

by engineers and educators. Princi-
pal address at the opening session,
“Radio Engineer of the Future”,
will be delivered by Ernst Weber,
national president of IRE and presi-
dent of Polytechnic Institute of
Brooklyn.

Plant Briefs

The lLangevin Division of The
W. L. Maxson Corp. has moved
from its Long Island City location.
Headquarters for engineering,
sales and administration are at
475 Tenth Ave.,, New York 18,
N. Y. Production facilities are
located at the corporation’s plant
in Old Forge, Pa.

The Thompson-Ramo-Wooldridge
Products Co., Los Angeles, Calif,,
has established an Atlantic City,
N. J., systems engineering office.

A components division has been
established at Telemeter Magne-
tics, Inc, as an autonomous op-
eration within the company re-
sponsible for sales, engineering,
and production of ferrite cores, core
arrays, memory stacks, and new
component products as they are
developed. New division will oc-
cupy approximately 13,000 sq ft
in both the headquarters plant in
West Los Angeles and in the com-
pany’s Santa Monica facilities.

Iixecutive and administrative per-
sonnel of the administrative staff
of Aeronutronic, a division of Ford
Motor Co., recently moved from
facilities in Glendale to offices in
the division’s new computer-elec-
tronics building on a 200-acre site
at Newport Beach, Calif.

News of Reps

Frank Tylinski of Queens, N. Y.,
was recently appointed a sales rep
for Ohio Semiconductors, Inec.,
Columbus, Ohio. He will cover
metropolitan New York and north-
ern New Jersey.

Leonard G. Evans of South Hadley
Falls, Mass., has joined Henry
Lavin Associates, manufacturers’
reps of Meriden, Conn., as sales
engineer, He was formerly con-

Expanding the Frontiers
of Space Technology in

FLIGHT
CONTROLS

B Flight controls offers one
of the most interesting and
challenging areas of work at
Lockheed's Missiles and
Space Division. From concept
to operation, the Division is
capable of performing each
step in research. develop-
ment. engineering and manu-
facture of complex systems.

"Flight control programs at

- .Lockheed include: analysis of

flight data and sub-systems
performance, design and

- packaging of . flight control

components, development of
‘transistorized circuits, opera-
tion of specialized flight
control test equipment and
fabrication of flight control
prototypes. Other work deals
with the design, development
and testing of rate and free
gyros; accelerometers; pro-
grammers; computer assem-
blies; guidance control sys-
tems; circuitry; and hydraulic
systems and components.

In the flight controls simu-
lation laboratory, mathe-
matical representations of
elements in a control system
are replaced one by one with
actual hardware to determine
acceptability of specific de-
signs. From these studies.
Lockheed obtains informa-
tion which is used in further
refinement and improvement
of final control systems
desigm.

ENGINEERS AND
SCIENTISTS

If you are experienced in one
of the above areas or in re-
lated work, we invite you to~
share in the future of a com-
pany that has a continual
record of achievement and to
make an important individual
contribution to your nation’s
progress in space technology.
Write: Research and Devel-
opment Staff. Dept. 1-3-22,
962 W. El Camino Real. Sun-
nyvale, California: U.S. citi-
zenship required, :

Lockheed

MISSILES AND SPACE
DIVISION

Systems Manager for the
Navy POLARIS FBM:
DISCOVERER, SENTRY
and MIDAS; Army KINGFISHER;
Air Force Q-5 and X-7

SUNNYVALE, PALO ALTO, VAN NUYS,
SANTA CRUZ, SANTA MARIA, CALIFORNIA
CAPE CANAVERAL, FLORIDA
ALAMOGORDO, NEW MEXICO ® HAWAL
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TRANSISTORIZED PROPORTIONAL
CONTROL OVEN for CRYSTALS |
and COMPONENTS . .. |

The Bliley type BPCO-1

proportional control oven for

crystals and components pro- s
. e Oy rley
vides temperature stability of CO;
=+.02°C. over an ambient
range of +10°C. to
—+4-50°C. This control is {
accomplished by compact _ » BLILEY ‘

transistorized circuitry and TYPE BPCO-1
a Dewar flask insulated

heat chamber. Operating on

a 26 volt supply, the oven
I's a new automatic flight

can be furnished with oper- control system.

ating temperatures, as spec-
ified, in range +70°C. to

+4-85°C. It will accept Bliley
Series BG6 and BG7 crystal
units. Request Bulletin =518.

Thic one isn’t operational
yet, but maybe you could
lend us a hand in exchange
for things like salary and

LRCP*

CIRCLE 107 ON READER SERVICE CARD General Electric's ARMA-

z - = MENT AND CONTROL SEC-
TION in Johnson City (Bing-
hamton) New York, has 14
openings for men with de-
grees and/or experience in
mechanical engineering, elec-
trical (electronics) engineer-
ing—also in mathematics and
physics.

Some of the product areas
include airborne defense sys-

CONDITI
Acm'RESIS?AhiJ? tems, automatic flight con-
trol systems (not in any way

L'NT. FREE similar to the cartoon), in-
ertial navigation systems,

100% DACR ON* analog and digital computers,

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING :
ERIE, PENNSYLVANIA |
|

W ORKL ON|

FIRST CHOICE for SPECIAL PURPOSE INDUSTRIAL APPAREL

END STATIC HAZARDS! @
ACID-RESISTANT -

FOR SUPER-CLEAN

100% DYN ,
Industrial Apparel \

\
i i d
perfected work clothing with prove
less static than cotton...and remain-
ing static-free tor the life of the
garment. -
o Solves the static hazard in your

|ant or laboratory. )
° %esists damage from acids and
caustics up to 50 times longer

than ordinary appare!

STATIC-FREE /Vé
=\ |
a4l

Industrial Apparel
Ideal when lint-free it
essential. Savings arecorrltfe;fl')?n?m?erg
&he originai low cost of the garment
ou get increased wear . .. and ou
benefit from decreased product dgm-
age caused by dust, lint and dirt

® Resists damage from acids and

caustics up to 50 ti
than ordinary appare}.’mes longer

l gyros, fluid controls, servo

controls and many more.
General Electric has the
right combination for de-
veloping your career poten-
tial. *Long Range Career Po-
tential.
Let’s trade facts. Tell us
about youreducation, experi-
ence and interests. We’ll
send you details about where

o More comfortable; will not cling;

clammy feel. )
° Fgr safe)r,; no flash burning of ‘e

fabric. RS

FREE!

Mail coupon for latest
Warklon industrial

. Exceptionally comfort
a
throughout the year. ble to wear

e More durable; sha ini
ble; pe-retaining.
neater looking; easy to IaundelrrTg'

you'll fit into the Armament
and Control Section.

Write in confidence to:

Mr. R.C. McConnell, Div. D221-2
Armament and Control Section
General Electric Company

600 Main Street

1 Johnson City, New York

Worklon, Inc., Dept. E-99
\ 253 West 28th St., New vork I, N.Y.
I T Kindly send latost Worklon information hoak

apparel catalog plus :’_ame St ARMAMENT AND CONTROL SECTION
supplement.No cost,no L
obligation, of course! address GEN ERAL % ELECTRIC
*—DuPont Dacron polyester fiber. 1 city zone state JOHNSON CITY, NEW .YORK

- I GEN MR a MR R =R SR =& - - N S
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ELECTRONICS - SEPTEMBER 18, 1959 89



Lnoduting

CUSTOMIZED

Can be installed
in dash or under
dash as desired!

=
\

There
. isatrim
plate kit for
YOUR CARI

CUSTOMIZED

o VIBRATOR-OPERATED with Tone Control

The ATR Customized Karadio is a compact, new, self-
contained airplane-styled radio for small import and
compact American cars, This economical unit is perfect
for all small cars because it can be easily and inex- |
pensively installed in-dash or under-dash on most any
make or model outomobile—and its powerful 8-tube
performance provides remarkable freedom from engine,
static, and road nvises. ATR Karadios are built to look
and fit like original equipment with sleek, modern
styling and solid, single-unit construction. They offer
many customized features ond provide highest quality
fidelity —yet cost far less than comparably designed
units, The ATR Customized Karadio comes complete
with speaker and ready to install ... and is the ideal
way to add fun and value to your small import or
American automobile!

== g

#~* ATR KARADIO
g . s o+ . . s ideal |
| ’ m forsmollimport
[ 4 cars or com-
P) N

pact American

cars! Unit is |
completely self-contoined —extremely compact!
Can be mounted in-dash or under-dash—wher-
ever spoce permits! For 6 volt or 12 volt!

SEE YOUR JOBBER OR WRITE FACTORY

« “A" Baltery Eliminalors e DC-AC laverters o Auto Radio Vibrators
American Tetevision & Ravio Co.

Zuality Producte Seince 1937
SAINT PAUL 1, MINNESOTA, U. S. A. |

y -

L
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nected with the special weapons
project of the Air Force, and with

Sandia Laboratories of Albu-
querque, N. M.
Larson Instrument Co., Tarry-

town, N. Y, announces appoint-
ment of the following sales reps:

McCarthy Associates of Pasa-
dena, Calif., for California, Ari-
zona and Nevada; Tesco Associ-
ates of Syracuse, N. Y., for upstate
New York; Tex-O-Koma Sales Co.
of Grand Prairie, Texas, for
Texas, Oklahoma, Kansas and New
Mexico; Electro-Mec Associates of
Warren, Mich., for Michigan; and
RMC Associates of New York City,
for greater New York and north-
ern New Jersey.

Waters Mfg., Inc., Wayland, Mass.,
appoints Farwest Agencies of Se-
attle, Wash,, as rep for the sales of
potentiometers, components and
instruments in Washington and
Oregon.

G. E. Moxon Sales is appointed to
represent Arnoux Corp., Los
Angeles, Calif.,, in California,
Nevada and Arizona.

The Instrument and Equipment
Division of Epsco, Inc., Cam-
bridge, Mass., names Robert L.
Lang Associates of Chicago, Ill.,
as manufacturer’s rep in Indiana

and Illinois.

The Birtcher Corp. has named The
Heimann Co. of Minneapolis,
Minn., sales reps for its line of
tube, transistor and component
cooling and retaining devices.
Territory to be covered includes
Minnesota, Iowa, North and South
Dakota, Nebraska, Missouri and
Kansas.

Avco Research and Advanced De-
velopment Division, Wilmington,
Mass., announces appointment of
the following reps for its line of
hypervelocity instrumentation:

Instruments for Measurements,
Hollywood, Calif.; General Meas-
urement Co., Newton Highlands,
Mass.; Kemco Inc., Irving, Texas;
V. A. Snyder, Union, N. J.; Anger
Associates, Dearborn, Mich.; Con-
cor International Corp., Long
Beach, N. Y.

&

ENGINEERS
RESEARCH
OPPORTUNITIES

Aeronutronie, a new divi-
sion of Ford Motor Com-
pany, has immediate need
for computer engineers to
staff its new $22 million
Research Center in New-
port Beach, Southern Cali-
fornia. Here, you have all
the advantages of a stim-
ulating environment,
working with advanced
equipment, located where
you can enjoy California
living at its finest.

Look into these ground
floor opportunities in re-
scarch and development
work that is challenging
and exceptionally reward-
ing to qualified men.

POSITIONS NOW OPEN:

Systems Engineer

Magnetic Memory
Engineers

Communications
Engineers

Digital Computer
Programmers

Transistorized
Circuit Engineers

Logical Designers
Circuit Engineers
Mechanical Engineers
Optical Engineers

Qualified applicants are
invited to send resumes or
inquiries to Mr. R. E.
Durant, Aeronutronie, Box
NK-186, Newport Beach,
California.

Computer Operation

AERONUTRONIC

a Division of
FORD MOTOR COMPANY

Newport Beach
Santa Ana ¢ Maywood, California

At

A
|

B
4
1
|
i

|

SEPTEMBER 18, 1959 - ELECTRONICS



VALUABLE 64 PAGE
REFERENCE SECTION

in electronics BUYERS’ GUIDE

Prepared especially by the 25man edi-
torial staff of electronics, this 64-page
section is designed to assist the buyer by
providing him with market data, elec-
tronics applications, market distribution,
market reports and books, industry or-

ganizations and services.

electronics BUYERS’ GUIDE

and Reference Issue

A McGraw-Hill Publication

ﬂBp 330 West 42nd Street @

New York 36, New York

FOR PRINTING
of

ELECTRONIC COMPONENTS
of almost any shape:

REJAFIX MARKING
MACHINES

Hand-operated, semi-automatic and fully auto-
matic models.

Why not send us samples of your products.
They will be test-printed and returned to you
for your examination!

Est. 1922

POPPER & SONS, INC.
300 Fourth Ave. New York 10, N. Y.
CIRCLE 109 ON READER SERVICE CARD

A graduate of Oberlin, BA, and Harvard

MEET Eﬂ DBJUNGH Business School, MBA, Ed DeJongh is the
Associa f s rescarcher and analyst who is responsible
ciate Editor, electronics for “Market Research™, “Figures of the

MARKET RESEARCH EXPERT Week", sales estimates, sales forecasts,
f\ marketing news, and developments in mar-
keting. Ed is constantly preparing for a

vear-end statistical issue and forecast for
the following vear. If you’re not a sub-
scriber, if your subscription is expiring, if
vou need market data in your work, fill in
Lbox on Reader Service Card. Easy to use.
Pustage free.

. @ electronics

] A McGraw-Hill Publication
' 330 West 42nd Street, New York 36, N. Y.
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It’s a new transistorized
magnetic control.

This one works . . but not the
right way. Maybe you could
lend us a hand in exchange
for things like employee

T

General Electric’s ARMA-
MENT AND CONTROL SEC-
TION in Johnson City (Bing-
hamton) New York, has 14
openings for men with de-
grees and or experience in
mechanical engineering, elec-
trical (electronics) engineer-
ing, mathematics and physics.

Some of the product areas
include transistor and mag-
netic controls (none like the
asteroid-pulling device illus-
trated), analog and digital
computers. Career position
openings include project lead-
ers, technical writers, engi-
neers in development, circui-
try design, packaging, stress
and vibration, systems, qual-
ity control and others.

General Flectric has the right
combination for developing
your career potential. *Good
Place To Live (ask the Chamber
of Commerce).

MAIL COUPON TO:

Mr. R.C. McConnell, Div. D221-4
Armament and Control Section
General Electric Company

600 Main Street

Johnson City, New York

Send me more information. My
job interest is B

Name

Degree (year)

Address - ot ' oh
(Street or Route)

""" (City) "'(Zone) (State)

O My resume is enclcsed.

ARMAMENT AND CONTROL SECTION

GENERAL (%% ELECTRIC

JOHNSON CITY, NEW. YORK

N



HEXSEALS

Modular
(Explosion-Proof™)

SWITCH

and

SHAFT SEALS

E 2 - !
t i

f 3} “u

»

¢ Fit all industrial electrical

controls.

o Meet Military Specifications:
MIL-B-005423A (ASG),
MIL-B-19257 (Ships),
SCL-6303 (Sig. Corps),
Paragraph 183.10-20,
Part (B)

U.S. Coast Guard.

*DISCLAIMER: We cannot assume respon-
sibility for explosion-proofing any equipment
not entirely designed by APM, therefore no
guarantee is made or implied,

Send for Catalog 359

(AUTOMATIC and PRECISION MFG.)

252 HawthorneAve., Yonkers,N.Y.
YOnkers 8-2010
Designers and Manufacturers of

HIGH PRESSURE STATIC AND MOVABLE SEALS
HEXSEALS® » SEELSKREWS®+ SEELBOLTS® « SEELRIVITS®

‘ A.P.M. Corporation
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COMMENT

Security Policy

I wish to commend you and your
associate editor Janis for the article
“New Security Policy Coming?” (p
34, July 31). It is temperate, fair
and without prejudice.

Having seen only one other article
on the same subject, I presume that
you at McGraw-Hill are not asleep
at the switch. My regard for your
publishing firm has gone up several
notches.

My own opinions may be obtuse,
but I consider the plant security
processes as being a little bit of
totalitarianism. I have seen these
processes used to vent personal dis-
likes. They have also cost the tax-
payers untold thousands of wasted
dollars.

As a human factor, it is a sad and
dreary instance of misappropriated
energy. Had security officials based
their premises on basic personal
honesty, which is scarcely consid-
ered as those things go, the whole
weeding-out process would be
greatly simplified.

Again, let me thank you for a
forthright reporting of the situa-
tion—one which I have found many
defense workers are not aware of
because of the (probably) delib-
erate playing down by our Southern
California kept press.

LESLIE BAIRD
PASADENA, CALIF.

More on Terms

Commenting rather belatedly on
this subject, does not your rejoinder
to Mr. Greatorex of BBC (Com-
ment, p 84, June 26) rather over-
look the point that, by accepted
usage, capital letters are applied to
multiples and lower-case letters are
usually taken to apply to submul-
tiples?

It is true, of course, that there is
compounded confusion over the let-
ter M, which is taken to mean 1,000
in commerce and 1,000,000 in engi-
neering; while, again, the lower-
case m means 107 in engineering
and not 10™ as one would in the cir-
cumstances have a right to expect.
Yet again, in capacitor measure-
ments m changes once more, since
for convenience it is often used for
10" in place of pu.

PLUGS & SOCKETS

1P MASTER CATALOG*20
Lists over 10,000
PRECISION INSTRUMENT PARTS
and ASSOCIATED COMPONENTS
Available From STOCK!

GEARS » SHAFTS COLLARS  CLUTCHES »
BEARINGS * COUPLINGS « DIFFERENTIALS
¢ SPEED REDUCERS and many other Pre-
cision Items.

Send For Your Copy Today.

@H@ DESIGN CORP.

subsidiary of BENRUS WATCH COMPANY, Inc.

477 Atlontic Ave., East Rockaway, LI, N.Y.
CIRCLE 110 ON READER SERVICE CARD

FOR PUBLIC
ADDRESS, RADIO,

and kindred fields,

JONES .:°

SERIES

of proven quality!

contacts

Socket

brass
p|0|ed-
mo\ded
Plugs @

\orized. 2,
%o ;301 12 contacts.

caps with
i'?:xed pbluck
crackle enamel.
cmd?lg' F:O;mo
i full informa-
?i::‘ on complete
line of Jones El.ec-
trical Connecting
Devices — Plugs,
Sockets and T.er-
minal strips. Write.

nd sockels

, 6,

$-406-AB

Howarp B. JoNES DivisION

CINCH MANUPACTURING COMPANY

CHICAGO 24, ILLINOIS
DIVISION OF UNITED-CARR FASTENLR CONF

CIRCLE 111 ON READER SERVICE CARD
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Valuable

BUYING DATA
Will Be Found

In This Year’s
Reference Section

The 1959-1960 Ref-
erence Section of the
BUYERS’ GUIDE con-
tains market figures,
market distribution
data, a government
agency buying guide,
Mil-Jan specs, a mate-
rials’ guide, ete. — in-
formation of permanent
use to the buyer. ..

One more reason why
advertisers and users of
the BUYERS’ GUIDE
receive extra bhenefits
available in no other
place.

BUYERS’ GUIDE

and Reference Issve

A McGraw-Hill Publication

330 West 42nd St.
N.Y.36,N. Y. @
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This brings to mind the merits ot
the term picofarad (abbreviation
pf) used in Europe for 107 in ca-
pacitor measurement in place of
puf. The abbreviation, useful in
text and in circuit diagrams, is of
especially great value in eliminat-
ing redundancy in speech. The term
pf has already been adopted by one
American capacitor manufacturer,
and on reading a recent publication
by General Radio Co., 1 learned that
it is now used by the U. S. National
Bureau of Standards, so I am en-
couraged to advance the hope that
it may gradually receive generalized
acceptance in the U. S.

Of course, multiples of a small
unit are always more convenient
than decimal fractions of a large
unit, and in DBritain the trend is to
use pf for all values at least up to
0.01 uf (10,000 pf).

I'. D. HARRIS
IRITISH RaDIO ELECTRONICS LD,
WASHINGTON, D. C.

Reader Harris has documented
the confusion that exists, omitting
the growing acceptance of “nano-"
for 10, as in “nanosecond” to re-
place the awkward “millimicrosec-
ond.” (We know of several people
who would disagree loudly with
his last paragraph, however).

We can add only this: the degree
of agreement is small, and we feel
free to adopt our own style or
standard in the interests of clarity
and succinetness, and in the ab-
sence of any IRE standards. Our
use of small “m” for megacycle is
justifiable—to our thinking—as
long as it is not capable of confu-
sion. Since “k¢” can stand for
nothing but “kilo¢ycle™ in its nor-
mal context in this magazine, and
since there is no millicyele or mi-
crocycle term in common usage, we
don’t think anyone can become con-
fused by “ke” and “mec.”

Transistor Limits

In our paper “Determining Tran-
sistor High-Frequency Limits” (p
21, Aug. 21), we found that on p 32,
Fig. 2 and Fig. 3 are interchanged.
The captions are right; apparently
the two circuit drawings have been
interchanged.

JosepH LINDMAYER
SPRAGUE ELECTRIC
NORTH ADAMS, Mass.

It's a new inertial navigation
system.

This one isn't operational,
but maybe you could lend us
a hand in exchange for
things like long range career

potential and I BO M*

General Electric’s ARMA-
MENT AND CONTROL SEC-
TION in Johnson City (Bing-
hamton) New York has 14
openings for men with de-
grees and/or experience in
mechanical engineering, elec-
trical (electronics) engineer-
ing -also in mathematics and
physics.

Some of the product areas
include engine control sys-
tems, inertial navigation sys-
tems (none like the cartoon),
transistors and magnetic
controls, microwave, ground
support equipment, inertial
equipment and many more.

General Electric has the
right combination for de-
veloping your career poten-
tial. *Increases Based On
Merit.

A complete brochure about
our section is available in ex-
change for your resume in-
formation. Write in confi-
dence to:

Mr. R.C. McConnell, Div. D221-3
Armament and Control Section
General Electric Company

600 Main Street

Johnson City, New York

ARMAMENT AND CONTROL SECTION

GENERAL @& ELECTRIC

JOHNSON CITY, NEW YORK
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EMIFLUVTMENT UFFOKTUNITIES

electronic | SENIOR | i
instrument i ELEGTRIG AL DISTRIBUTORS
' ENG' NEER AUTHORIZED

—
B

development DISTRIBUTORS

4 ¥ Development engineering of
eng.neers i in measurement and con- :
trol of production
machinery. Experience re- ( N N J
quired: 53-8 years in elec-
tronics design with servo-
Boonton pioneers in de-

B’Cﬂllf(,) veloping such fundamental k. mechanism  background. TUBES & EQUIPMENT

precision measurement in- Electro-mechanical design

QT d oth . . :
Pocesetting elocionis. deviess, “meur mer | | experience  desiruble. IN CONNECTICUT

portunity to engage in creative research Engineering  degree or

is unusually great. As a member of our { s, :
development team, you'll be exchonging equivalent required. B(]NI] RAI]"] S“pplv 'N[:
ideas with men who have made notable 9 *

n of 5 years of applicable ex-
perience required. An advanced degree
desirable but not essential
P - a2

contributions to the state of the art. By A

ioiningk our staff now, your opportunities I | Please submit complefe resume 439 W. MAIN ST.

to maoke contributions to our expanding 5
product line will be great, . TOBACCO PRODUCTION WATERBURY, CONN. o Plaza 3.1184

If your experience lies in:

® CIRCUIT ANALYSIS AND SYNTHESIS

® VHF OR UHF MEASUREMENT TECHNIQUE

® PRECISION MEASUREMENT OF FUNDA-
MENTAL PHYSICAL QUANTITIES

then we urge you to write or call

Mr. J. P. VAN DUYNE. Engineerin

o

DEVELOPMENT LABORATORY

!} AMERICAN MACHINE SEARCHLIGHT
N[y & FOUNDRY COMPANY SECTION

QUL lg5 ; Lo

% c'-.",. Box 9127 Richmond 27, Virginia R T
o) /

BOONTON | ™ R

ELECTRONICS-FRANCE
RADIO Corp \-BRA

necring oruanization. “Best sommachiacs 1o eoutsts ALLEN-BRADLEY

Manage:

# 2 R 5 industry, well liked French-American management,
BOONTON ~ New Jersey | | EURGFEAN common maRker Witk ™ ||| RESISTORS & POTENTIOMETERS
S RA-2338, Blectronics LEGRI S COMPANY

Tass, Adv. Div., .00 Box 12, XY, 36, N.Y ! b
SR A i (I [ Ho et Y | 391 Riverdale Ave. Yonkers 5, N. Y.

POSITION VACANT |

INSTRUMENTA"UN ENGINEER B.S. and M.S. Electrical Engineers for re. T
search work on instrumentation and control ' PROFESSION AL

For design of specialized electronic in- problems related to the steel industry. Salary

strumentation and  data-gathering com- commensurate with training and experience.
ponents for use in rocket research progrom. I1ar;ze Research Laboratory, Pittsburgh Area.

shice A Forward complete resume and salary require-
Full responsibility for instrumental systems ments to P-2283, Electronics, Class, Adv.
from conception to completion. Div.., P. O. Box 12, N. Y. 36, Y.

UNIQUE OPPORTUNITY - —

I ERCO RADIO
for cupu'bl‘e B8S ar MS Elecfrunics'gn‘gi- [ LABORATORIES, INC.
neer to join established research division T T . L ,
with ten year record of creative contribu. | | | Radio Communications Equipment

tions in the rocket propulsian field. [ Engineering - Deslgn - Development - Production

. . . Our 30th Year In Air to Ground
u. s. Citizenship required, Communicatlon and Radio Beacons

Garden ity ® Long Island @ New York

Send resume fta:

Personnel Director “HOW TO MAKE MONEY ' TELECHROME MFG. CORP.
IN . . . .
» s . ~ Electronic Design Specialists
"
ROHM & HAAS COMPANY | | [T TN T T Ty oo >, COLOR TELEVISION BaUIPMENT
P v Flyl Spot Scanners, Color Synthesirers, Keyers,
Redstone Arsenal Research Division sos THORITATIVE GUIDEBOOK Monitors, - Oscllloscopes and - Teiaten:  Apmrivis
il GIVES FACTS. FIGURES. PAY RATES, Telemetering for Guided Missites.
Huntsvi le, Alubuma WRITE TODAY| ) 1. R. Popkin-Clurman, Pres. & Dir. of Eng.
LAMPKIN LABORATORIES, INC. Instruments Div. BRADENTON, FLA 28 Ranick Dr. Amityvitle, L, I., N, Y.

S w I TZ E R LA N D New ije]rl :!JLTAEEE IIxourystuAr:s:gn:.As.wim-

ming pool, utter privacy, free TV, 24.hr, tel.
service. Single rooms or suites. Heart of S.E.

ELEGTRONIG = AUTOMATION industrial area, 10 mins. from dntn, L.A. Handy

all freeways. Clean. Commercial rates,

Swiss, since 1952 in the U, S. with leading DOWNEY-CAPRI MOTEL, 8220 Telegraph Rd.
import and export firm of precision machinery between Lakewood & Paramount Blvds.
and electro technical equipment. Promotion,
technical sales and management. German,

MANUFACTURERS’
REPRESENTATIVES

‘ IN THE ELECTRONIC INDUSTRY

French ond English. Seeks employment with Toroidal Inductors ()Q INC SAMUFI' K' MAC'D'ONAI-D;S'NC.
Americon firm, headauorters in Switzerland Transformers N X : manulaciurers representatives over years
as Supervisor of the Europeon Activities in Converters é EoésQRﬁg::l:pco:‘f 1531 SPRUCE STREET, PHILA. 2, PA.
D G LB, (R MAG-AMPS / 37/ LI, New York Feaneniaii o N oty O inborgh
b Our Specialty: Deloware » Maryland Baltimore

I"W-2539, Electronics

And -
Class, Adv. Div,, I*.0. Box 12, N.Y. 36, N.Y. e

TOROIDAL WINDING Virginio » West Virginia Washington, D.C.

District of Columbia
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EMFPLUTMENI UrrURIUNLIIED

ELECTRICAL DESIGN ENGINEERS

PROFESSIONAL

DEVELOPMENT
AND
SELF-EXPRESSION

at General Electric’s Ordnance Department, Pittsfield, Massachusetts

The Ordnance Department has given a
considerable amount of thought and effort
to organizing its facilities and activities
in a manner that maximizes professional
progress, In this message to engineers we
would like to take this opportunity to ex-
plain why we afford ambitions men an ex-
ceptional environment in which to develop
their full disciplinary talents. We hope
that this brief account of us and our work
will lead vou to inquire further about a
career position at the Ordnance Depart-
ment.

PROGRAMS that range the broad design and
development spectrum from launching and
handling equipment for Talos, through
advanced fire control and inertial guidance
svstems for such revolutionary weapons
systems as the MK 44 torpedo and Polaris.
Contributing to these ultrasensitive intri-
cate systems, vou'll utilize vour full dis-
ciplinary skills in areas ranging from
technological conception to  proof of
feasibility.

FACILITIES AND BENEFITS are a standard of
the industry. Projected growth of G.E.
will raise by a third the nmumber of pro-
fessional staff in the next 3 years and
company-wide promotion opportunities are
available through a centralized personnel
register, There is a tuition-paid graduate
study plan, in-plant courses, comprehen-
sive orientation program, top salaries,
compreliensive insurance and a fine sav-
ings and security plan.

If you are ready for this kind of mov

LOCATION is in the heart of the beautiful
Berkshires where the whole family can en-
joy four-season sports and recreation
together.

Why Not See If Your
Background Fits You
For An Opportunity
At Ordnance?

ASSIGNMENTS . . . D & D electric and
electronic equipment for submarine fire
control system, integration of equipment
with system.

EXPERIENCE . . . Servo loops; transistors;
instrument and power servos; hydraulic
or pneumatic servos.

ASSIGNMENTS . . . Circuit development,
fire control systems; Design of electronic
assemblies, packaging. Evaluation and
specification of electronic components
for circuit and product design groups.

EXPERIENCE . . . 2-6 years with electronic
components.

ASSIGNMENTS . . . Design new computer
components (control and guidance sys-
tems) and carry to prototype. Environ-
mental testing; coordination of procure-
ment, assembly and evaluation schedules.

EXPERIENCE . . . 5-10 years with digital
and analog computers, inertial devices,
techniques data transmission.

e—not just vaguely discontent with what

yow're doing now, send a brief resume to R. G. O'Brien, Manager—Professional

Relations, Dept. 69-WK.

ORDNANCE DEPARTMENT

of the Defense Electronics Division

GENERAL @3 ELECTRIC

100 Plastics Avenue

ELECTRONICS - SEPTEMBER 18, 1959

Pittsfield, Massachusetts
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EMPLOYMENT OPPORTUNITIES

The "SILENT SERVICE" is Qebiiesement in Action
ot Avco... for

SCIENTISTS
ENGINEERS

At present this *'Silent Service’' is really very NOISY . . . And § Achievement is habit at Avco!
the military of all nations know this well. That's why the “'silent A leader in the field of
enemy’’ is hushing up as submarine designers advance their
technolo i is wi g o]
chnology toward truly s'nlenf.underwafer. craft. TI:ns W.l" make now providing significant
the classical method of listening for radiated noises increas- tributi to basi d
ingly difficult. New methods or major improvements in current con ributions oh .asu: an
methods of detection must be found to overcome this silencing applied research in Space and
process. Missile Technology.

atmospheric re-entry, Avco is

At Avion, study is under way for means to search out “the Supervisory, Senior and Junior positions
hidden intruder’ in spite of his tiptoe tactics. are available in these areas:

* ELECTRGNICS

IF you enjoy working in an uninhibited environment . ., * MATHEMATICS

PHYSICS AND CHEMISTRY

COMMUNICATIONS

MATERIALS

FLIGHT TEST ENGINEERING

Problem Areas: DESIGN ENGINEERING

@ Long-Range Submarine Detection @ [E,Iee':‘r:uiron"ogne'it Submarine « PRODUCT ENGINEERING

o ireemme oemeen @ ety s » AERODYNAMICS
Career Opportunities * APPLIED MECHANICS

For The Following Specialists: O THERMODYNAMICS AND
ENGINEERS - PHYSICISTS BS-MS HEAT TRANSFER

5-10 yeors experience in any of the following Attractive working environment outside
@ Sonar Systems @ Military Closed Circuit Television of metropolitan Boston. The large, fully
equipped, modern laboratory is close
to Boston educational institutions and
cultural events, The division offers a
liberal educational assistance program
for advanced study.

IF you enjoy challenging problems . . .

IF you want to “'be at the start”’ of o fast-growing new dept. ..

you’ll want to join AVION’S

Undersea Warfare Group

@ Acoustics @ CRT Display Systems @ Infra Red Systems

INTERVIEWS IN YOUR AREA

can be arranged

Send resume to: Mr. Don Steenland, Professional Staff

. . . Forward your inquiry to:
All replies held in strict confidence and answered promptly

Mr. Richard Rubine
Scientific and Technical Relations

AVION
L)l brvision vco

acf INDUSTRIES INCORPORATED
11 Park Place, Paramus, New Jersey

Research & Advanced Jevelopment
201 Lowell St., Wilmington, Mass.
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careers
in control
of space

For 74 vears, Minneapolis Honeywell
has pioneered and led the development
and production of advanced automatic
controls. Today, with work in this area
more demanding and more rewarding,

new opportunities exist for engineers.

PRODUCTION: Develop and establish
assembly processes for a wide range
of products. Requires background
in complex devices such as gyros,
accelerometers, flight systems, and
a thorough knowledge of produc-
tion processes.

COMPONENT APPLICATION: Senior
development engineer (BSEE) to
pioneer as specialist on radio noise
suppression. Also, a specialist in
application of capacitors to aid and
guide design engineers.

INSTRUMENTATION: Development and
design in the critical areas of test
instrumentation for Aero Division
products. I'wo years’ experience in
test instrumentation desired.

FIELD SERVICE: Monitor airborne sys- 3

tem performance in U.S. and over-
seas. Conduet training, liaison with
military. BSEE preferred, or grad-
uate engineer with high electronic
aptitude.
If you're interested in o challenging career in
adranced automatic controls, write Mr. Bruce
D. Wood, Technical Birector, Dept. 849C.

Honeywell {]ﬂ

AERONAUTICAL DIVISION —

1433 Stinson Blvd. N.E., Minneapolis 13, Minnesota
To explore professional opportunities in other
Honeywell operations coast to coast, send your
application in confidence to H. D. Eckstrom,
Honeywoll, Minnoapelis 8, Minnesola.

ELECTRONICS - SEPTEMBER 18, 1959

EMPLOYMENT OPPORTUNITIES

Engineers

At Norden Laboratories...

there’s more than talk ahout
Advanced Programs, there are
challenging complex problems

heing solved regularly...

OUR WIDELY diversified programs in advanced areas require men
with solid engineering backgrounds who by employing a sound
business approach, can get a job done. Norden is an “engineers’
company.” Here you can work with modern equipment on many
important projects. You will be associated with top men in the
precision eclectronics field and have available a strong force of
support personnel. Norden’s management knows and appreciates
good engineering and understands the problems engineers face
working in complex areas.
There are career openings at two fine locations —

White Plains, New York and Stamford, Connecticut —
for capable, creative men at all levels of expericnce:

Section Heads

MICROWAVE & ANTENNA
AIRBORNE RADAR RECEIVER
SONAR DEVELOPMENT

Project Engineers

INERTIAL PLATFORMS

MILITARY TELEVISION

GROUND SUPPORT & TEST EQUIPMENT
RADAR & INDICATOR DISPLAYS

Systems Engineers

RADAR & TELEVISION

FIRE CONTROL * NAVIGATION
SYNTHESIS & ANALYSIS
GUIDANCE & CONTROL

ASW SYSTEMS ¢ SERVO ANALYSIS

Circuit Development Engineers

VIDEO & CRT DISPLAYS

RADAR TRANSMITTERS AND RECEIVERS
TRANSISTOR PULSE CIRCUITRY

Equipment Design Engineers
MISSILE & AIRBORNE TELEVISION
AIRBORNE RADAR & FIRE CONTROL
ADVANCED PRINTED CIRCUITS
MICROMINIATURE ELECTRONICS

Quality Assurance Engineers
RELIABILITY ¢ STANDARDS

ENVIRONMENTAL TEST
COMPONENT EVALUATION

These are some
of the advanced programs
now under way:

PPt O aen)

AN/ASB-7 Bomb-Nav System

3-Dimensional Terrain Presentation
for Low-Flying Aircraft

=Pt
inertial Navigation Systems

‘ . P SATURDAY & EVENING INTERVIEWS ARRANGED «
‘ Send resume to:
*NORDEN - Technical Employment Manager

NORDEN LABORATORIES

NORDEN DIVISION OF UNITED AIRCRAFT CORPORATION

121 Westmoreland Avenue — White Plains, New York

Within driving distance of entire New York — New Jersey Metropolitan area

White Plains, New York

Stamford, Connecticut
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LOW COST STANDARD

BOBBIN CORES FOR
COMPUTER APPLICATIONS

¥
protected by ARMAG non-metallic armor

FLUX RATINGS AVAILABLE IN
EIA PREFERRED NUMBER
SERIES FOR SIMPLIFIED DESIGN

NEW STANDARD
BOBBIN CORE SERIES:

..offers a decade progression ot
flux ratings with guaranteed switch-
ing times. For the first time, design-
ers using magnetic core logic can
select low cost bobbin cores on a
catalog basis, with complete pub-
lished specifications, in the same
simplified way you select capacitors
and resistors.

NEW SPECIAL
BOBBIN CORE SERIES:

. . . offers flux ratings in decade pro-
gression with switch time and noise
ratio specified by the customer.

DYNACOR CUSTOM SERIES:

... for special applications, the Cus-
tom Series continues to offer bobbin
cores tailored to the most exacting
customer specifications.

ARMAG*
NON-METALLIC ARMOR:

... provides maximum protection
for all DYNACOR Bobbin Cores.
Suitable for use with normal encap-
sulation techniques. ARMAG is
available on both ceramic and stain-
less steel bobbins. It costs no more
than the polyester tape and nylon
materials which it renders obsolete!

Write for Engineering Bulletins
DN-10004 and DN-1003 for com-
plete performance and specification

data. *TRADEMARK

- JDYNACORS

DYNACOR, INC.
A SUBSIDIARY OF SPRAGUE ELECTRIC (0.
10431 METROPOLITAN AVENUE * KENSINGTON * MARYLAND
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