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TYPE C
temperature

compensating
DISCAPS meet
and exceed the

specifications of EIA
RS -198. Featuring

greater dielectric
strength, Type C

DISCAPS are ideal for
VHF and UHF

applications. Rated at
1000 working volts for
a higher safety factor.

DISCAPS
TYPE B
DISCAPS are designed
for by-passing, coupling or
filtering applications and they
meet and exceed EIA
RS -198 specifications for
Z5U capacitors. Type B
DISCAPS are available in
capacities between .00015
and .04 MFD with a rating
of 1000 volts.

TYPE JF TYPE JL
DISCAPS are

engineered to exhibit a
frequency stability

characteristic that is
superior to similar

types. These
DISCAPS extend

the available capacity
range of the

EIA Z5F ceramic
capacitor between

+10°C and +85°C.

FIN -LOCK LEADS
Designed for holes from

.050 to .058 Fin -Lock
DISCAPS are

automatically stopped in
holes over .058 by the
shoulder design of the

leads. Stand up
positioning is assured
and lead crimping is

eliminated. Available
on all DISCAPS of
standard voltages,

ratings and spacings.

DISCAPS should be
specified in applications
requiring a minimum
of capacity change as
temperature varies
between -60°C and
+110°C. Over this
range the capacity
change is only ±7.5%
of capacity at 25°C.
Standard working
voltage is 1000 V.D.C.

TYPE SM
DISCAPS are
subminiature in size
and meet the specs for
EIA RS -198 for
Z5U capacitors and
are available in values
of 800, .001,
.0015 GMV; .005
+80% -20% ±20%;
.01 +80% -20%
+20% and .02
+80% -20%.
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PERIODICALLY, during the past two
years, we have presented "Editorial

Staff Studies" in ELECTRONIC INDUS-
TRIES. Most of you will recall having
read one or more of these. Some of the
topics or subjects that these reports
have covered include: Medical Electron-
ics, Ultrasonics, Wire & Cable Data,
Semiconductor Diode and Transistor
Specification Charts, Transistor Inter-
changeability Data, Today's Electronic
Engineer, Thermoelectricity, Human
Factors in Engineering, and many others.

In this our March issue we are again
presenting several new staff studies.
First there is "Special Purpose Cathode
Ray Tubes" starting on page 163. A

new, revised, and up-dated "Transistor
Interchangeability Chart" begins on

page 181. Finally there is a follow-up
sequel to "Today's Electronic Engineer"
which starts on page 311.

These editorial staff studies represent
our editorial efforts to provide useful
and needed information to practicing or
working electronic design engineers.
Each of these studies require a consid-
erable amount of time to research in-
formation sources and to prepare the
material as obtained for publication.
Usually at least six months are involved
for each report and frequently this pe-
riod extends to nine or twelve months.
In practice, each editorial staff report
is assigned to an editor who functions
more or less as the "senior project en-
gineer." Other staff editors feed him
any leads, information, clippings or data
on the subject that they acquire. The
report editor may engage in mail ques-
tionnaire programs, undertake a con-
siderable number of field trips, and be-
come involved with innumerable phone
calls before he can collect all the infor-
mation required for his editorial staff
study. Thus we can see that each study,
in providing needed and useful informa-

tion, also involves considerable time, ef-
fort, and expense for its publication.

Recently, we became aware of a field
situation which prompted this editorial.
One company reported that it had re-
ceived a letter, presumably from a free-
lance writer, which stated that for a
fee the writer could assure the company
of prominent mention in one of our edi-
torial staff studies. Of course, nothing
could be further from the truth!

ELECTRONIC INDUSTRIES is a Chilton
publication and as such is directly sub-
ject to the "printed" policies of the
Chilton Comany. The policies, published
in booklet form, are inviolable and man-
datory for every Chilton employee. We
believe it desirable for all of our readers
to know of the existence of this policy
and below we have reproduced the seven
points of editorial policy that are bind-
ing on all 17 Chilton magazines.

In the future, we would greatly appre-
ciate receiving information from any
reader who is approached in person or
by letter by anyone who is not an official
member of the ELECTRONIC INDUSTRIES
editorial staff. -The names of all staff
individuals are to be found on the mast-
head, appearing on page 2 of each issue.

Chilton's Editorial Policy

To make each magazine a vital force for adult
education.
To give readers accurate, useful and timely informa-
tion to help them in their business or professional

lives.
To respect the rights and dignity of the individual.

To maintain by all ethical means a position of ag-
gressive leadership in each of the fields we serve.
To select editorial matter on the basis of reader
values only. The acceptability of editorial matter

is never based on advertising considerations.

To draw a sharp line between editorial matter and
advertising space. Payment, in any form, will never
be accepted for material in our editorial columns.

To edit each magazine in the best interests of the
field it serves. Our responsibilities to readers come
first. We will spare no effort in searching for news,
technical, market and merchandising information
that will help them in their business or profession.

ELECTRONIC INDUSTRIES March 1960
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Highlights
of this issue

Electron Gun Finds New Role page 163
Sixty years ago, Sir J. J. Thomson first used the cathode ray as a
precision measuring device. Today, the demands of rapid data
processing combine this precision with the inherent speed of elec-
tronics to devise tubes that can keep pace. Here's a rundown on
the most interesting applications.

RFI is Everybody's Business page 131
The radio frequency interference problem is gaining the prominence
it justly deserves. Up to now engineers "let George do it" when the
RFI problem came up. Now the responsibility is being placed on all
electronic engineers. See "Making Transmitters RFI-Free" beginning
on page 132, and "Consider Interference in Systems Design" begin-
ning on page 142.

Transistor Interchangeability Chart page 181

A comprehensive cross-referencing of transistors and their nearest
equivalents. A pioneering service of ELECTRONIC INDUSTRIES,
the listings identify all manufacturers, and also include dimension
drawings so that both electrical and physical interchangeability can
be checked.

1960 International IRE Convention page 125

The annual IRE Show and Convention is now International. Over
60,000 engineers will visit the show this year. Featured are over 850
exhibits and 275 technical papers. One of the highlights is a sym-
posium, "Electronics-Out of this World" conducted by Ernst Weber
and a panel of space experts.

Molecular Electronics page 100

New concepts and capabilities in solid state devices. "Growing"
radio receivers, amplifiers, from pools of molten semiconductor mate-
rials-termed possible.

Points to Consider When .. . Using the Tunnel Diode page 110
Little over a year has passed since the tunnel diode was first reported
by Esaki. But, recognizing the tunnel diode's potential, the semi-
conductor industry has swung into serious application developments.
This article presents some general considerations on their use as
amplifiers.

A One Megabit Storage page 114
A survey indicated the need for larger capacity memories in the
medium computer field. Design engineers took an existing magnetic
drum memory and increased its capabilities 8 times. Their ideas and
innovations, given here, will prove useful to other design engineers.

Controlling Alternator Frequency page 104
Many pieces of airborne equipment depend for their accuracy on
rigid control of the alternator power supply frequency. This new
system holds the frequency within 0.4 CPS at 400 CPS by nulling a
line frequency signal and a precise reference frequency through an
electrical differential.

The AC Potentiometer-A New Circuit Component page 120
Autotransformers have a number of very desirable characteristics.
These characteristics are also desirable in a precision potentiometer.
The union of the two produces an extremely useful new component.

Electron gun

Tunnel Diodes

Alternator Frequency

111111111111110
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One Megabit Storage

Molecular Electronics



RADARSCOPE

FOR ROCKET TELEMETRY
New communication system, the "Direct Re-entry Telemetry System,"
developed by ITT Laboratories, transmits through the white-hot en-
velope of ionized air that builds up around a space vehicle re-entering
the earth's atmosphere. It assures uninterrupted communications from
satellites through the complete flight. It is being demonstrated here
by ITT vice-pres. A. M. Levine.

THE GOVERNMENT IS PLANNING to convert the
SAGE System to air traffic control, if possible. The
reason-Khrushchev says the USSR will build no
more bombers. If this is true, and the Government
feels that it is, it's obvious that we either will have
to scrap our huge investment in SAGE or find a new
use for it.

AIRCRAFT AND MISSILE CONTRACTS account
for 64% of the awards of $500,000 or more made
by the government to leading defense contractors.

RESEARCH CONTRACT has been awarded to West-
inghouse by the Air Force to develop production
processes for dentritically grown single crystal
semiconductor materials. The contract will exploit
discoveries made under a former contract by West-
inghouse Research Laboratories. The semiconductor
materials to be used will be silicon and galium
arsenide. The dentritic process greatly speeds the
manufacture of the semiconductor materials, pro-
ducing a thin ribbon-like strip having a shiny,
mirror-like finish.

THE ELECTRONIC INDUSTRY is now the fifth
largest industry in the country. It has been pre-
dicted that it will step into first place within 10
years.

TOP GOVERNMENT DEFENSE contractor is Gen-
eral Dynamics Corp. In Fiscal Year 1959 General
Dynamics got awards totaling $1.66 billion, or 7.2%
of the U. S. total. Over 80% of General Dynamic's
awards were in the aircraft and missile program.

SMALL BUSINESS CONCERNS were awarded 8,517
contracts valued at over $390 million from U. S.
Government procurements during the six month
period ending December 1959. This is a 24% in-
crease over awards during the corresponding 1958
period. For the year as a whole, the amount
awarded to small business firms was up over 25%
over the year before.

INTEREST IN AM STEREO BROADCASTING
should be needled by an application made last month
to the FCC by Kahn Research Laboratories. Kahn
is requesting permission for broadcast stations to
use their system of AM stereo broadcasting during
the prime listening hours. Even inexpensive ac -dc
receivers are adequate for receiving the signal. In
fact, cheaper receivers have certain advantages in
their narrow bandwidth so far as handling a single
side band.

SPACE DETECTIVES
In this 86 -ft. long tunnel at Sperry Gyroscope Co. engineers study
the behavior of infra -red radiation. Walls of the tunnel are blackened
to control background radiation. Facilities allow the researchers to
investigate IR under atmospheres which exist on other planets in
the solar system-Venus or Mars, for instance.
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Analyzing current developments and trends throughout the electronic

industries that will shape tomorrow's research, manufacturing and oper

LEASING OF PRODUCTION EQUIPMENT by elec-
trical and electronics manufacturing firms spurted
far ahead in 1959. It reached a total of $23.6 million
worth of equipment on lease, a gain of 39% over
1958. Predictions are that equipment leasing will
double in 1960. Some of the reasons : More com-
panies will lease equipment to avoid the pinch of
tight money; more and more companies will be af-
fected by increasing technological progress, which
is speeding obsolescence of machinery.

IT WILL BE INTERESTING to see how Motorola
fares in their efforts to crack the closed-circuit TV
field. Perhaps no field has had no more false alarms
than closed-circuit TV. Each year since 1950 closed-
circuit TV manufacturers have been optimistic
about sales in the following year. The optimism
has been understandable, for the number of possible
applications is endless. But somehow closed-circuit
TV has never really found the mass market that
its proponents have insisted existed. In explaining
the repeated delays, one of the most frequent ob-
stacles pointed to has been the lack of service and
installation facilities. Motorola shines in this de-
partment, with over 800 service shops across the
country.

AUTOMATION is creating a need for a new kind of
maintenance man, a highly trained engineer -tech-
nician, to cope with complex electronic control sys-
tems. GE's James J. Durkan points out that "for
computers and programming control systems there
is need for a trained engineer -technician as trouble-
shooter and repair man. He may merely locate a
faulty seal component, a black box, and replace it
with a new one. But he must be well trained in the
design of the control system and understand its
importance and timeliness to the productive proc-
ess."

NEW APPROACH is being tried by Daystrom Inc.
to find and hire the most capable scientific minds.
Daystrom is establishing a technical advisory com-
mittee of university scientists, similar to the pro-
grams that the Dept. of Defense uses for review of
R&D progress. Each of the men chosen by Daystrom
is an authority in one of the fields in which Day-
strom operates. The initial assignments for the
committee will be to review the company's R&D
program and to provide the latest information on
the status of basic and applied research which is
being carried on in universities throughout the
country. Arrangements such as this have two -fold
advantages: With the increased income scientists
can be induced to stay on the campus, and the time
lag between practice and theory is greatly de-
creased.

THE FCC has received complaints from the Amen -
can Trucking Association that AT&T and Western
Union are placing "a double stranglehold on the
use of microwaves." The brief was filed by ATA
at a hearing on a request for rate increases by the
two companies. The two firms are seeking increases
which should give them a 10% return on their pri-
vate line lease circuits. The ATA brief charged that
AT&T and Western Union are opposing the licens-
ing of microwave rights to private business, and at
the same time have refused to make microwave
available to their customers at lower rates. The
ATA brief warned that "unless the commission
takes a firm hand and . . . compels AT&T and West-
ern Union to pass on to the public the savings result-
ing from the use of microwaves, these carriers will
be free to determine where, when and whether such
savings should be reflected in the course of service
the public must pay.

COSTS OF RESEARCH AND DEVELOPMENT for
many of today's major weapons have reached a point
where they exceed production costs, says Aerospace
Industries Association's Orval R. Cook.

SUPER -ACCURATE GYRO
At G.E.'s General Engineering Lab engineers Karl F. Schoch (r.) and
James F. Young examine components of new high accuracy gyro. The

golf -ball size sphere will rotate at high speed in a vacuum-suspended
solely by a magnetic field. Technique makes use of the behavior of
metals at temperatures near absolute zero.

ELECTRONIC INDUSTRIES March 1960
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See us March 21-24 at the I.R.E. Show/Booths 1619-1621

BOURNS
TRIMPOT®

WITH
BUILT-IN

TEMPERATURE
STABILITY

Stable settings under extreme temperature conditions is
an outstanding feature of the Trimpot'' potentiometer. This thermal stability is built-in through all phases of design and production-

MATCHED COEFFICIENTS OF THERMAL EXPANSION
Resistance wire and mandrels have matched coefficients of thermal
expansion to reduce the "strain gage effect." Linear expansion rates
for the mandrel and wire match so closely that the temperature co-
efficient value for the entire wirewound element approximates that of
the wire itself.

K >I
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EXCLUSIVE SILVERWELD1'- TERMINATION
Silverweld is an actual metal -to -metal fusion of element wire and
external terminal. In doing away with mechanical or soft -solder joints,
Bourns eliminates potential hot spots thus extending the potenti-
ometer's temperature range. The fusion of the Silverweld terminal to
many turns of wire on the resistance element avoids the problem of
single wire termination. Silverweld is virtually indestructible under
thermal stresses.

THERMALLY STABLE CERAMIC MANDRELS
Bourns takes advantage of high thermal stability of ceramic materials
for element mandrels. Today, all Bourns Trimpot potentiometers pro-
vide the improved performance and reliability afforded by ceramic
materials.

K

EXCLUSIVE TENSION CONTROL EQUIPMENT
Bourns has developed specialized winding equipment that provides
constant and precise control of wire tension during winding operations.
"Necking" of the wire or resistance -altering stresses never occur.
Instead the wire remains uniform-well able to withstand temperature
variations with no appreciable change in resistance.

I 'rode

Specify Trimpot - the original leadscrew -
actuated potentiometer with reliability on
which you can depend. 20 basic models -
4 terminal types -3 mounting styles.

BOURNS
BOURNS, INC., TRIMPOT DIVISION
613 5 MAGNOLIA AVE, RIVERSIDE, CALIF
PLANTS- RIVERSIDE CALIF. AND AMES, IOWA

Write for new Trimpot summary brochure and list of stocking distributors.

Exclusive manufacturers of TrimpoVi, Trimitin% and E-Z-Trim,T. Pioneers in transducers for position, pressure and acceleration.
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A new corporation devoted exclusively to the design, fabrication and installation of
antenna systems in the fields of scatter communications, missile tracking, space
tracking, radar and surveillance, radio astrcncmy and special antenna products.

A word from the new president, Charles Creaser...
'Ours is primarily an engineering organization
which is employee -owned and employee -run.
Our objective can be stated simply: it is to
lead in the development and introduction of
new and improved techniques and processes.
We are equipped to handle the entire
antenna system - reflectors, mounts,
feeds, pedestals, waveguide, rotary
joints - everything from transmitter
and receiver on."

For more information, please send for our folder ANTENNA SYSTEMS

... and from the vice-president, Bill VanderWolk
"We're off to an exciting start. We've taken
a new approach to antenna marketing by
building a new, 30 -foot parabolic dish for
space tracking and communications, which
promises to be more accurate than anything

yet built. Very soon, we'll have the fin-
ished product, built and operating, to
show to industry and government. In-
stead of offering a design and a promise
of performance, we'll prove ours first.

NC. Hingham Industrial Center, Hingham, Mass.

ELECTRONIC INDUSTRIES March 1960
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As We Go To Press
1 Fast Printer -Plotter

System
The Printer -Plotter System plots

out graphical or printed data at
300,000 points per minute from
computer -processed magnetic tape.
Developed by Briggs Associates,
Inc., Norristown, Pa., this unit is
said to be 5000 times faster than
today's speediest commercially -
available method for automatically
plotting graphical data, the tape-
fed X -Y plotter.

Relatively slow print-out speed
has been a major problem, handi-
capping computer capabilities. This
system is said to permit computers
to print out data almost as rapidly
as they can process it.

The high-speed printer -plotter system was
designed by Briggs Associates, Inc. The
system will be turned over to G.E.'s MSVD
for use on the Atlas Missile program

As a straight printer, without
plotting, the Briggs System is four
times faster than the best conven-
tional system now available. In a
publishing or direct -mail applica-
tion, for example, the system could
print out 90,000 magazine or other
address labels per hour-more than
twice the capability of the fastest
technique now available.

Space Travel Trainer
Astronauts will spend up to two

weeks under the conditions of
outer space, without leaving the
ground. R&D work for a new
space cabin simulator is being con-
ducted by American Machine &
Foundry Co.'s Mechanics Research
Div.

The space cabin simulator will
be equipped with the complex air
conditioning and cabin pressuriz-
ing equipment necessary to keep
astronauts alive at temperatures
hundreds of degrees below zero,
and at zero gravity when the
human body would be completely
weightless.

Communications for
Man in Space

Sometime between Sept. 1960
and Dec. 1961 a Project Mercury
capsule containing an astronaut is
scheduled to be thrust into space.
Before its launching, however,
every effort must be made to safe-
guard the life of the astronaut.
Scientists at the National Bureau
of Standards are assisting by con-
tributing to the planning of a re-
liable world-wide ground commu-
nications network essential to the
smooth functioning of NASA's
man -in -space program.

Communications experts at
Boulder's Central Radio Propaga-
tion Laboratory (CRPL) will be
responsible for recommending the
most reliable radio path to relay
vital tracking information on the
capsule back to the computer site.
Engineering requirements for the
whole system will be completely
analyzed by NBS scientists. They
will determine the most usable
frequencies. Peak performance of
circuits will be assured by the
choice of proper transmitter power
and suitable antenna types.

Preliminary plans propose that
Project Mercury stations be estab-
lished to form a communication
network, with 21 radio paths, that
will circle the globe.

New Standard Issued
for Stereo & Hi-Fi

A recommended standard for
measuring the music output of
stereophonic and high fidelity audio
amplifiers was issued by the Engi-
neering Department of the Elec
tronic Industries Association.

Designed to alleviate confusion
over various methods of measuring
the audio power of home phono-
graphs, the standard was developed
by Engineering Committee R-20.
It is being made available to all
phonograph manufacturers. How-
ever, its adoption is voluntary on
part of the manufacturer.

Copies of the standard, giving
details of test conditions, definition
of terms and test procedure are
available at 25 cents a copy from
the EIA Engineering Department,
11 West 42nd Street, New York 36,
New York. The publication has been
designated EIA Standard RS -234.

Japanese Produce
Transistorized TV

Sony Corp. is now ready to dis-
close the production model of a
transistorized TV set with an 8 -in.
picture tube. It operates on a self-
contained rechargeable battery or
on a regular home power supply,
contained in a portable cabinet.
This model will be put on the Jap-
anese market some time this
month. Its retail price is still under
study, but is expected to be sold
for about $200.

The Sony Corp. of Japan has completed a
production model of a TV set which is
all transistorized. Set has 8 -inch crt and
operates on batteries or ac power

As stated by the President of
Sony Corp., Sony is taking a pru-
dent attitude in the world market-
ing of its new product because of
the difference in TV systems or
channel frequencies and problems
connected with repair servicing.
Therefore, Sony has no intention
of exporting this item until
thoroughly field tested.

"Quick Reaction"
Contract Award

A "quick reaction" contract to
provide engineering, laboratory
and model shop work associated
with printed circuit electronics has
been awarded to the Avion Div. of
ACF Industries, Inc., by the God-
dard Space Flight Center of the
National Aeronautic and Space
Administration. The new contract
is an open-end agreement under
which specific projects are yet to
be assigned.

These contracts are so named
because they call for the supplier
to provide rapid delivery of preci-
sion equipment to customers in in-
dustry, all branches of the Armed
Forces, and other Government
agencies such as NASA.
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EXTENDED -LIFE

TUBULAR
SPRAGUE
TYPE 400

ELECTROLYTICS
...the newest and most

reliable miniature tubular aluminum

electrolytic capacitors made!

Now . . . for the first time ... an extended -life electrolytic

in miniature tubular case styles. Sprague's New Type 40D

Extended -Life Electrolytics are designed to give more than

10 years of service under normal operating conditions

in actual circuit applications.

Broader Application
Though similar in many respects to
Sprague's famous extended -life electro-
lytics for telephone and communications
systems, these capacitors have the added
advantage of low temperature character-
istics previously unavailable in an alumi-
num electrolytic. As a result, Type 40D
offers much broader industrial and mili-
tary application.

0 Special Construction
Type 40D capacitors are specially con-
structed to assure freedom from open cir-
cuits even after extended periods of
operation in the millivolt signal range.
Ultra -low leakage currents are the result
of special design and processing techni-
ques based on the use of the highest
purity anode and cathode foils.

0 Hand or Machine Assembly

For applications which require an insu-
lated case, Sprague furnishes an outer in-
sulation of either flexible plastic for hand
assembly or rigid phenolic for machine
insertion on printed wiring boards.

Get details on Type 40D Extended -Life Electrolytics by

writing for Bulletin 3205 to Technical Literature Section,
Sprague Electric Co., 233 Marshall St., North Adams, Mass.

SPRAGUE COMPONENTS:
CAPACITORS RESISTORS MAGNETIC COMPONENTS TRANSISTORS  INTERFERENCE FILTERS  PULSE NETWORKS

HIGH TEMPERATURE MAGNET WIRE CERAMIC -BASE PRINTED NETWORKS PACKAGED COMPONENT ASSEMBLIES

SEE US AT THE I.R.E. SHOW-BOOTH 2416.2424
Circle 4 on Inquiry Card

SPRAGUE®
THE MARK OF RELIABILITY

ELECTRONIC INDUSTRIES March 1960
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As We Go To Press (cont.)

ELECTRONIC SHORTS
0 Brig. Gen. David Sarnoff, RCA Chairman, predicts that electronics willeventually develop a "dashboard" for the human body similar to thoseon autos and airplanes. It will be a home device, like scales, that willregister not only weight but heart beats, blood pressure, pulse rate, tem-perature, and other basic data. Moreover, it will carry an alarm systemto advise the user when to consult a doctor. The device will record thedaily results on magnetic tape to help the doctor in his diagnosis.
0 The Office of Technical Services, U. S. Dept. of Commerce reports thedevelopment of 5 small electronic receiving tubes which can be producedat the rate of 900 tubes per hour. The metal -ceramic receiving tubes,
developed under Air Force -sponsored research, include a CD -16 twintriode, a CD -18 sharp cutoff pentode, a CD -19 triode, and a CD -22 beampower triode.

0 The Navy is testing an automatic system, The Helicopter Stability Aug-mentation System, which will make light helicopters more practical inanti-submarine warfare, air-sea rescue operations, etc. The 9 -pound sys-tem, which uses rate gyros as primary components, was developed by
Autonetics Div., North American Aviation, Inc.

0 Francis M. McDermott, Exec. Director, Air Traffic Control Assoc., testi-
fied before the Senate Aviation Subcommittee that "the air traffic control
profession is functioning at a level of sustained pressure and tension un-equalled in aviation." Although new electronic equipment has increasedthe systems capability for handling more aircraft, we cannot foresee
electronic aids replacing the air traffic control service.

0 What will the passenger plane of the future be like? Here are someof the ideas of R. C. Sebold, VP-Engineering, Convair Div., General Dy-namics Corp., San Diego, Calif. It will be a Mach 3 transport travelingat 60,000 to 80,000 ft. It will be windowless-the passengers looking"out" through closed circuit TV. Seats will pivot, like rocking chairs,
for greater comfort in climbing and descending, and advanced electronic
computers will constantly monitor all the aircraft's systems during flight.
0 The General Electric Microwave Lab. has developed a 100-w., S -band,ceramic -to -metal, traveling wave tube incorporating new concepts infabrication and design. The tube and magnet weigh 22 lbs. They arewater-cooled, and may be mounted in any position. It was developed forWright Air Development Center, U. S. Air Force.
0 "Electron tube sales should reach an all-time high of $900 million thisyear," predicts Douglas Y. Smith, VP and General Manager, RCA ElectronTube Div. "As an illustration of the tube's importance to the nation'sspace program," he said, "a single test launching at Cape Canaveral mayrequire as many as 100,000 electron tubes inside the rocket and at groundcontrol stations."

0 DuPont is now commercially producing a new plastic, "Teflon" 100, anFEP-fluorocarbon resin, which can be extruded or molded in thermoplastic
processing equipment. Like the TFE resins, "Teflon" 100 is virtuallyimmune to chemical attack, has excellent electrical insulating, anti -stick,and frictional characteristics, and will not absorb moisture. They arerated for continuous service at temps up to 400°F.
 American Machine & Foundry Co. is sponsoring "Tomorrow" a series ofspecial TV programs showing how new developments in science and tech-nology affect peoples lives. The series will be produced by CBS News inassociation with M.I.T. in recognition of the Institute's centennial celebra-tion.

0 A long-range surveillance radar subsystem is being installed in theArctic for the U. S. Air Force's Ballistic Missile Early Warning System.It will detect intercontinental ballistic missiles as they rise over the hori-zon at distances of several thousands of miles. The BMEW system is de-signed to provide about a fifteen -minute warning for the North AmericanAir Defense Command.

Consolidated Systems Corp., Div. of Bell & Howell/CEC, is prototypetesting a mass spectrometer that will be placed in orbit in a satellite byNASA in 1961 to measure elements of the exosphere. It will measureions, molecules, atoms, and free radicals encountered by the 35-inch-dia.satellite between 150 and 600 mi. above the earth.

CRYSTAL GROWING

Technique developed by Knapic Electro-
Physics, Inc., Palo Alto Calif., simultaneously
grows silicon and germanium monocrystals by
a modified Czochralski technique. Shown are
four 1/2 in. dia. crystals growing simultaneously.

Tunnel Diodes Available
General Transistor Corp., Jamaica,

L. I., N. Y., is bringing out tunnel
diodes using germanium as the semi-
conductor material. GT has a pilot
production line in operation for en-
gineering samples and be-
gun shipments of test quantities.

Call for Papers
The National Electronics Con-

ference will be held at the Hotel
Sherman, Chicago, Ill. on Octo-
ber 10, 11, and 12.

Authors of papers should sub-
mit abstracts of 100 to 150
words and a 400 or 500 word
summary, or completed paper
for review. Deadline for pa-
pers is May 1, 1960. Submit
papers to:
Prof. Thomas F. Jones, Jr.
NEC Program Chairman
School of Electrical Engineering
Purdue University
Lafayette, Indiana

The 1960 Audio Engineering
Society Convention will be held
on October 11, 12, 13, and 14 at
the Hotel New Yorker, New
York City.

All titles, summaries, and
manuscripts and/or your sug-
gestions should be submitted as
soon as possible to:

Dr. Harry F. Olson, Chairman
Convention Committee, AES
RCA Laboratories
Princeton, New Jersey

10
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reasons why you should

buy Hughes high voltage silicon cartridge rectifiers
To meet your requirements for IN1730-34, IN2382-85, IN596-98 and IN1406-13

rectifiers ...Hughes offers you a universal series with the following advantages

over competitive devices:

1 Better High Altitude
Performance-

Since the case is
insulated and provides a
long leakage path between
leads, the probability of
flashover or corona at high
altitudes is reduced.

2 Improved Circuit
Performance-

Fewer diodes are required
in each unit to obtain the
PIV ratings...thereby
lowering losses, which in
turn, provide better
voltage regulation and
higher efficiencies.

Savings In Space.
The case material is

a plastic of high dielectric
strength, making it
possible to mount units
in close proximity to
each other.

4 Greater Depend-
ability-These

assemblies utilize series
strings of Hughes
hermetically sealed glass
diodes...packaged in a
non-combustible
cartridge. All internal
connections are welded
together to insure shock
and vibration resistance.

Creating a new world with ELECTRONICS
r

HUGHES
©1460 HUGHES AIRCRAFT LOMIANY

SEMICONDUCTOR DIVISION

Circle 5 on Inquiry Card

These standard Hughes units are
available in voltage ratings from 600
to 10,000 volts. In addition, Hughes
offers you many custom assemblies
designed to meet your special
requirements.

ORDER TODAY! To
obtain delivery of Hughes
Cartridge Rectifiers just
call or write the Hughes
Semiconductor Sales
Office or Distributor
nearest you. Or, for a
complete Cartridge
Rectifier data sheet
(Number: D.S. 82) please
write Hughes,
Semiconductor Division,
Marketing Department,
Newport Beach,
California.

For export write: Hughes
International, Culver City, Calif.

ELECTRONIC INDUSTRIES March 1960 11
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Hughes MEMO -SCOPE Oscillo-
scope: The Hughes MEMO -SCOPE
Oscilloscope is one of the most versa-
tile measuring and recording devices

available to science and industry today. It is a dual
service instrument-for storage or conventional
oscilloscopy. Features: simplified panel layout and
carefully designed trigger circuit for ease of oper-
ation; built-in single sweep ("one-shot") trigger
circuit to avoid cluttered display; advanced me-
chanical design for better cooling and easier
maintenance.

New Storage Tube Burn -Out Protection!
A circuit designed to protect the delicate storage
mesh surface is now incorporated in the Hughes
MEMO -SCOPE Oscilloscope. This circuit renders
it virtually impossible to burn the storage tube
unintentionally as a result of improper operation
of the intensity control on the instrument. The
intensity control is automatically adjusted by the
new protective circuit in the event the operator
suddenly switches from the fastest sweep rate to
the slowest without decreasing the intensity (an
action which formerly might burn the tube), or in
the event of similar operational errors.

For more precise
measurement
of transients

Hughes Scope Cart: Especially
designed for the MEMO -SCOPE
Oscilloscope, an all -aluminum
scope cart facilitates movement
of the instrument to different
locations for varied applications.
Features: mounting provisions
for two spare amplifiers, 6'
retractable power cord for con-

venience in connecting equipment, ample drawer
space, accessibility from both sides, pull-out
writing board, full -swivel casters for ease of
movement from one area to another.

Hughes

MEMO -SCOPE®

Oscilloscope
The new Hughes MEMO -SCOPE
Oscilloscope offers you higher
performance, greater dependability
and easier operation in all of your
transient measurements. Maximum
accuracy is assured by new
advanced circuitry, new panel
layout, new mechanical design and
many other added features.
The MEMO -SCOPE Oscilloscope
eliminates expensive "hit-or-miss"
methods of measuring non-
recurring transients. It stores
nonrepetitive events for an indefinite
period-hours, or days-keeping
them available for thorough study
until intentionally erased.
For full information on how the
MEMO -SCOPE Oscilloscope can
help solve your measurement
problems, write today to: Hughes,
Industrial Systems Division,
International Airport Station,
Los Angeles 45, California.
For export information,
please write: Hughes International,
Culver City, California.

Hughes Multitracer
Unit: Designed to oper-
ate in conjunction with
the MEMO -SCOPE Oscil-
loscope, the portable

Hughes Multitracer enables you to store and com-
pare up to 20 stepped -down traces in one display.
The stored sweeps appear at equal, preselected
intervals forming a raster type of display. The
all -electronic Multitracer is a combined attenuator,
gate amplifier and storage counter designed to
be placed between the signal source and the
regular MEMO -SCOPE Oscilloscope input.

Creating a new world with ELECTRONICS

HUGHES
01960 HUGHES AiR C AFTR COMPANY

INDUSTRIAL SYSTEMS DIVISION

See the MEMO -SCOPE
Oscilloscope in operation
at the Hughes exhibit,
I.R.E. Show-Booths
1609-1615.

12
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HUGHES

FAMILY OF

DIRECT -VIEW

STORAGE TUBES
World's most complete line

of storage tubes!

TONOTRON* TUBE: displays full range of grey

scale images for daylight viewing. Ideal for
weather radar, PPI presentations, "B" scan
projections and other complex radar systems.

MEMOTRON TUBE: displays successive tran
sients until intentionally erased. Permits direct
comparison and analysis of wave forms without

photography.

TYPOTRON TUBE: displays any combination
of 63 symbols or characters at speeds to
25,000 per second. Retains presentation until

intentionally erased.

STORAGE TUBE CHARACTERISTICS
SCREEN

DIAMETER
STANDARD
PHOSPHOR DEFLECTION

TONOTRON TUBES
H1021 3^ P1 Electrostatic

7221 5^ P20 Electrostatic

7222 5" P20 Electrostatic

7033 5" P20 Electromagnetic

H1044 21^ P20 Electromagnetic

H1028 4^ P1 Electrostatic

H1033 10^ P20 Electromagnetic

H1034 10" P20 Electrostatic

H1041 P20 Electrostatic

H1042 7^ P20 Electromagnetic

MEMOTRON TUBE
6428 5" P1 Electrostatic

TYPOTRON TUBE

6577 5" P1 Electrostatm

10 additional TONOTRON tubes and 4

additional TYPOTRON tubes available.

For full and complete information on how
Hughes storage tubes may fill your particular
needs and applications, write or wire: HUGHES,
Vacuum Tube Products Division, 2020 Short
Street, Oceanside, California.

For export information, write: Hughes International,
Culver City, California.

Creating a new world with ELECTRONICS
r -

HUGHES
L

1960. HUGHES AIRCRAFT COMPANY
*Trademark of Hughes Aircraft Company
VACUUM TUBE PRODUCTS DIVISION

ELECTRONIC INDUSTRIES March 1960 Circle 7 on Inquiry Card 13



New Product Announcement

TYPE Mx. THERMOSTATS
especially designed for missile, avionic

and electronic applications
New Stemco Type MX Thermostats are miniature snap -acting units designed
to open on a temperature rise. Being compact, lightweight units able to with-
stand high G's under wide ambient temperature ranges, Type MX thermostats
are ideal for missile, avionic and other electronic applications where close tem-
perature control is mandatory.

Basic design flexibility of the Stemco Type MX Series means the units can
be supplied from regular production runs in a wide variety of models, both
semi -enclosed or hermetically sealed. Ceramic or metal bases for semi -enclosed
units, round enclosures or CR-7 crystal cans for hermetically sealed units.
Several types of terminal arrangements, mounting provisions, brackets, etc.,
are available.

Stemco Type MX thermostats give you performance . . . small cubage . . .

rugged reliability . . . at a production price.

*2°to 6°F differentials available

TYPE MX Semi -Enclosed -
base shown; also ceramic base t
Bulletin 6100 for data on herme
ly sealed and semi-

STEVENS manufacturing company, inc.
Mansfield, Ohio

AA -7285

Circle 8 on Inquiry Card
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Coming
Events in the electronic industry

A listing of meetings, conferences, shows, etc., occurring during the period

March -April fhaf are of special interest to electronic engineers

Mar. 1-2: Seminar-Optical Tooling
Methods in Manufacturing, ASTE;
Los Angeles, Calif.

Mar. 3-4: Seminar-Metal Forming
Methods for Tomorrow's Manufac-
turing, ASTE; Los Angeles, Calif.

Mar. 4-5: Meeting, The American
Physical Society; Houston, Texas.

Mar. 6-9: Gas Turbine Power Con-
ference and Exhibit, ASME; Rice
Hotel, Houston, Texas.

Mar. 8: Annual Meeting, Assoc. of
Electronic Parts & Equipment
Manufactures, Inc., Chicago, Ill.

Mar. 8-9: Seminar-Some Problems of
Machining Space Age Metals,
ASTE; San Francisco, Calif.

Mar. 8-11: Audio Engineering Society
Cony., Audio Engineering Society;
Alexandria Hotel, Los Angeles,
Calif.

Mar. 9-11: Temperature Measurement
Symp., ISA; Deshler Hilton Hotel,
Columbus, Ohio.

Mar. 9-11: 3rd Naval Science Sym-
posium, "Naval Problems in Elec-
tromagnetic Radiation," Office of
Naval Research; Naval Ordnance
Test Station, Pasadena, Calif.

Mar. 10-11: National Flight Propul-
sion Meeting (Classified), IAS;
Cleveland, Ohio.

Mar. 14-18: 32nd Institute on Indus-
trial Relations, National Assoc. of
Manufacturers, Hollywood Beach
Hotel, Hollywood, Florida.

Mar. 17-18: Synchro Design and Test-
ing Symp., U. S. Navy, Bureau of
Naval Weapons; Dept. of Commerce
Auditorium, Washington 25, D. C.

Mar. 21-24: IRE International Con-
vention, IRE (all PG's); Coliseum
& Waldorf - Astoria, Hotel, New
York, N. Y.

Mar. 21-24: Meeting, The American
Physical Society; Detroit, Mich.

Mar. 22: 9th Annual SSB Dinner &
Hamfest, SSB Amateur Radio As-
sociation; Hotel Statler-Hilton, New
York, N. Y.

Mar. 23-24: Seminar-Metal Forming
Methods for Tomorrow's Manufac-
turing, ASTE; Hartford, Conn.

Mar. 23-24: 10th Annual Iron & Steel
Conf., ISA (Metals & Ceramics
Div.); Pick -Roosevelt Hotel, Pitts-
burgh, Penna.

Mar. 23-26: Electrical Industry Show
and Lighting Exposition, Electrical
Maintenance Engineers Assoc. of
Calif.; Shrine Exposition Hall, Los
Angeles, Calif.

Mar. 24-25: 1st Annual Symp., Hu-
man Factors in Electronics, IRE

(PGHE); Bell Tel. Labs. Aud., 463
West St., New York, N. Y.

Mar. 28-29: Spring Meeting, The Ma-
terial Handling Institute, Inc.;
Pittsburgh -Hilton Hotel, Pittsburgh,
Penna.

Mar. 29-31: American Power Conf.,
Illinois Institute of Technology;
Hotel Sherman, Chicago, Ill.

Mar. 30 -April 3: Industry Show, Dan-
bury Chamber of Commerce; Berk-
shire Hall, Danbury State Teachers
College, Danbury, Conn.

Mar. 31 -April 1: ASME Textile En-
gineering Conf., ASME; North Car-
olina State College, Raleigh, N. C.

Apr. 3-7: Annual Convention, NAB;
Conrad Hilton Hotel, Chicago, Ill.

Correct Your El
Coming Events Calendar

The 1960 Western Electronic
Show and Convention (WES-
CON) will be held Aug. 23-26
at the Los Angeles Memorial
Sports Arena. (Not at the Pan
Pacific Auditorium, as previous-
ly reported.)

Apr. 3-8: 6th Nuclear Congress, EJC,
IRE (PGNS) (28 sponsors), N. Y.
Coliseum, New York City. Papers
deadline Sept. 1, 1959.

Apr. 4-6: Southwest District Meeting.
AIEE, Shamrock Hilton Hotel,
Houston, Texas.

Apr. 4-6: 43rd National Open Hearth
Steel Conf., Metallurgical Soc. of
AIME; Palmer House, Chicago, Ill.

Apr. 5: Automatic Recording Spectro-
polarimeter, Society for Applied
Spectroscopy; Stevens Institute,
Hoboken, N. J.

Apr. 5: Annual Dinner Meeting,
Broadcast Pioneers; Conrad Hilton
Hotel, Chicago, Ill.

Apr. 5-7: 3rd National Chemical &
Petroleum Instrumentation Symp.,
ISA; Rochester, N. Y.

Apr. 5-9: Electrical Engineers' Ex-
hibition, Electrical Engineers
(ASEE) Exhibition Ltd. (Brit.);
Museum House, London, England.

Apr. 6-8: National Meeting "Hyper-
Environments-Space Frontier," In-
stitute of Environmental Sciences;
Biltmore Hotel, Los Angeles, Calif.

Apr. 11-13: Spring Assembly Meeting,
Radio Technical Commission for
Marine Services; Washington, D. C.

Apr. 12-13: 14th Annual Spring Tech.
Conf. on Electronic Data Process-
ing, IRE (Cinn. Section), ARS;
Hotel Alms, Cincinnati, Ohio.

Apr. 12-14: 32nd Annual Meeting, Pe-
troleum Industry Electrical Assoc.,
Petroleum Electrical Supply Assoc.;
Municipal Auditorium, Kansas City,
Mo.

Apr. 13-14: ASME-AIEE Railroad
Conf., ASME, AIEE; Penn Shera-
ton Hotel, Pittsburgh, Penna.

Apr. 18-19: Conf. on Automatic Tech-
niques, AIEE, ASME, IRE (PGIE);
Sheraton Cleveland Hotel, Cleve-
land, Ohio.

Apr. 19: Joint Dinner Meeting, Asso-
ciation of Electronic Parts & Equip-
ment Manufacturers; Chicago, Ill.

Apr. 19-21: International Symp. on
Active Networks and Feedback Sys-
tems, Microwave Research Institute
of the Polytechnic Institute of
Brooklyn, IRE, AFOSR, U. S. Army
(Sig. Corps.), ONR; Engineering
Societies Bldg., 33 West 39th St.,
New York, N. Y.

Apr. 20: 16th Annual Quality Control
Conf., Rochester Society for Quality
Control; University of Rochester,
Rochester, N. Y.

Apr. 20-22: S. W. IRE Regional Conf.
and Electronics Show (SWIRCO),
also: National Medical Electronics
Conference, IRE (Region 6); Sham-
rock Hilton Hotel, Houston, Texas.

Apr. 20-22: 3rd Conf. on Biological
Waste Treatment, Manhattan Col-
lege, New York, N. Y.

Apr. 20-22: National Symp. on
Manned Space Stations, IAS,
NASA, RAND CORP.; Ambassador
Hotel, Los Angeles, Calif.

Apr. 21-22: Management Conference,
ASME, SAM; Statler-Hilton Hotel,
New York, N. Y.

Apr. 21-22: Seminar - Dimensional
Metrology, ASTE; Detroit, Mich.

Apr. 21-22: 7th Annual Cony., Society
of Technical Writers and Editors;
Drake Hotel, Chicago, Ill.

Apr. 21-28: Tool Show and Annual
Cony., ASTE; Detroit, Mich.

Apr. 25-26: Maintenance & Plant En-
gineering Show, ASME; Chase -Park
Plaza, St. Louis, Mo.

Apr. 25-27: MPI 16th Annual Meeting,
Metal Powder Association; Drake
Hotel, Chicago, Ill.

Apr. 25-28: Meeting, The American
Physical Society; Washington, D. C.

Apr. 25-29: Metals Engineering Meet-
ing, ASME; Hotel Biltmore, Los
Angeles, Calif.

Apr. 25-29: Annual Meeting & Weld-
ing Exposition, American Welding

(Continued on page 70)
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.44 ....WHERE TUBE RESEARCH BEGINS

GEC VIDICON Pickup Tube

GEC Scan Conversion Tube

Research at GEC has been playing an important role in the advancement
of pickup, transformation and visual display tubes. GEC is pioneering further
in development of pickup tubes sensitive to all parts of the spectrum, partic-
ularly near and far infrared. Continuing research in high resolution pickup,
conversion and display tubes is a major activity in GEC's development program.
General Electrodynamics Corporation has demonstrated its ability in successful
mass production of high sensitivity vidicons, and results of continuing research
in this field will soon be available to industry.

If your project is being held up by a tube that doesn't exist, contact
GEC . . . . where tube research begins.

.04 GENERAL ELECTRODYNAMICS CORPORATION
4430 FOREST LANE  GARLAND, TEXAS

16 Circle 9 on Inquiry Card Circle 112 on Inquiry Card.).
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PD -100 Series

in 1 emdiode
(Super miniaturized Silicon Diode)

1. HIGH POWER DISSIPATION -250 milliwatts.

2. HIGH CONDUCTANCE -up to 100 mA 1u 1 volt.

3. HIGH VOLTAGE -200v operating voltage.

4. FAST RECOVERY -200K g .3 microseconds.

5. HIGH TEMPERATURE -Operating range -65' C
to 150 C.

6. HIGH RELIABILITY.

PSI PD -100 Series
inic-mdiode

ACTUAL SIZE

Type
Number

Mln. Sat.
Voltage

0 100 PA
(T)

MM. Fwd.
Current
® +LEM

(mA)

Maximum Reverse
Current :vA)

Reverse Recovery
Cherecteristim

25C 1110°C
Reverse

Ree. (dime)
Max. Remy.

Time (A)

PD -101 50 5 1.0 (10r) 25 (10r) 100K 1.0

P0-102 50 20 .5 (100) 25 (10r) 100K 0.3

PD -103 50 100 .5 (IN) 25 (10r) 100K 0.3

P0-104 100 5 .5 (10v) 25 (10v) LOOK 0.3

P0-105 100 20 .5 (1001 25 (10v) 100K 0.3

PD -106 100 50 .5 (10v) 25 (10r) 100K 0.3

P0-107 100 100 .5 (10v) 25 (IN) 100K 0.3

PD -108 200 10 .5 (10r)
5.0 (100v)

25 (lOr) 200K 0.3

P0-109 200 10 .025 (10r)
1. (100r)

5 (10r) 20011 0.3

RATINGS
Maximum Power Dis Minion: 250 mw (a 25°C (d rate linearly to I50°C)
Maximum Storage & Operating
Temperature Range. -65°C to 150°C
Peak Pulse Current
1 user., 1% duty cycle: 2.0 amperes
Typical Inverse Capacitance g - 10V: 200f.
Handling Instruction.: Lead Bending - Do not bend closer than .030" from body.
Color Code: Color dot system reading from cathode or pointed lead end.
Soldering: Heat sink diode body during soldering.

60

50

40

30

20

10

0

PD.) 06

All
Other
Types

TEMPERATURE BERATING CURVE

PD -103
PD. 107

0 20 40 60 80 100 120 140

AMBIENT TEMPERATURE (DEGREES CENTIGRADE)

COLOR CODE DOT 035 DIA Max

PHYSICAL CHARACTERISTICS:
HERMETICALLY SEALED -Bonded Surface films.
TERMINALS -.004x.019 gold plated leads. Lead length 1/2
inch minimum.
MARKING -Cathode end designated by dot on the body
and also by pointed lead. Type number designated by
color of the body and color of dot on the cathode end.
ALL DIMENSIONS SHOWN IN INCHES.
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Zener Diodes
500 mW Power -Dissipation

ACTUAL SIZE

Zener Voltage Maximum Maximum Inverse
PSI @ 6 mA (a 25°C Dynamic Current At

Type Elect. Resistance Inverse
E, MM. E, Max. lb @ 25'C to er 100°CNumber Equiv. (ohms) Voltage

(v) (v) 1 (41) (µA) v)

PS6465 19455 2.0 3.2 60 75 100

PS6466 19466 3.0 3.9 55 50 100

PS6467 19467 3.7 4.5 45 5 100

PS6468 19468 4.3 5.4 35 5 100 .5

PS6469 19469 5.2 6.4 20 5 100 .5

PS6470 19470 6.2 8.0 10 5 50 .5

I. Measured at lOrnA DC Zener current with ImA RMS signal superpos d.

Also Available PS6313-6327 covering
7.5w to 145, Zener Voltages.

EIA
TYPES

Zener
(Breakdown)

Voltage @ 5 mA

Maximum Inverse
Cur ant Al

Inverse
Voltage

Maximum
Dynamic

Resistance

(ohme)Ez MM. Er Max. lb @ 25°C I) 1: 100°C
(,) (v) (mA) ,AA) (a) 1

19702 2.0 3.2 75 100 -1 60

19703 3.0 3.9 50 100 -1 55

19704 3.7 4.5 5 100 -I 45

19705 4.3 5.4 5 100 -1.5 35
19706 5.2 6.4 5 100 -1.5 20
19707 6.2 8.0 5 50 -3.5 10

1. Measured at 10 mA DC Zener current with I mA RMS signal superposed.

Also Available 1N708 -1N725 covering
5.6, to 30 Zener Voltages.

EIA

Typel

Zener
Voltage

Ez( Volts)2

Max. Inverse
Current

Es = -1V
AR

Max.
Dynamic

Resistance
lz = 20mA
lAc= 1 mA

Ohms)(Max.)

25°C 150°C

1N746 3.3 10 30 28
1N747 3.6 10 30 24
1N748 3.9 10 30 23
1N749 4.3 2 30 22

1N750 4.7 2 30 19

1N751 5.1 1 20 17

1N752 5.6 1 20 11

1N753 6.2 0.1 20 7

1N754 6.8 0.1 20

1N755 7.5 0.1 20 6

1N756 8.2 0.1 20 8

1N757 9.1 0.1 20 10

1N758 10.0 0.1 20 17

1N759 12.0 0.1 20 30

1. +10% Zener Voltage Tolerance

2. Ez measured at Test Current lz-----20mA

All of the above types can be supplied in ±5% Tolerance. Add "A" suffix to
indicate units with ± 5% Tolerance of center Zener Voltage Value.

*
VOLTAGE REFERENCE
DIODES 1/2 ACTUAL SIZE

EIA
Type

Number

REFERENCE VOLTAGE
(di .6 ..11. 4 25°C.

(yoke)
Mar Voltage

251r1leeerfroenrnce
Voltage ) woke

-55T to 1 100°C

Max. Dynamic/
Resistance

(ohms)
Min. Art. Max.

192765 6.46 6.80 744 ±0.050 20

192766 12.92 13.60 14.28 *0.100 40

192767 19.38 20.40 21.42 ±0.150 60

192768 25.84 27.20 28.56 ±0.200 80

192769 32.30 34.00 35.70 ±0.250 100

192770 33.76 40.80 42.94 *0.300 120

I. Measured with I mA AC superposed on 7.5 mA DC
Max. Operating Tem . (vi lz =7.5 mA) -65°C to +175°C.

Q714zj
ACTUAL SIZE

VARICAP
TYPE

,QualityCallacitanc*
@ 4VDC
50MC
(ifixf)

FactorFactor
(0C )

014V10 4VD
50MC

Max.
working
Voltage

(VDC)

Minimum
Saturation

Voltage
0 100 µAOC

(VDC)

Maximum
Inverse
Current
0 50VDC
(µADC)

PC.112-10 10 50 80 90 1.0
PC -113-22 22 50 80 90 1.0
PC -114-47 47 50 80 90 1.0

CAPACITANCE CHANGE From 2VDC to 80VDC, 4.0 to 1 MM.

VARICAP
TYPE

Capacitance'
81) 4VDC
50MC
WO

Quality
Fader

Min. 1411
0 4VDC

50MC

Mag.
Working
Voltage

(VDC)

Minimum
Saturation

Voltage
0 100uADC

(VOC)

Maximum
Inverse
Current
0 75VDC
(xADC)

PC -115-10 10 100 100 110 1.0
PC -116-22 22 100 100 110 1.0
PC -117-47 47 100 100 110 1.0

CAPACITANCE CHANGE From 2VDC to 10011)C, 5.2 to 1 MM.
'All capacitance values are ±20% All values at 25°C

.VARICAP" is the registered trade -mark of silicon voltage -variable capacitors
- manufactured by Pacific Semiconductors, Inc.

An entirely new approach to the design of electronic
tuning, automatic frequency control, harmonic genera-
tion and numerous other circuits is made possible by
the introduction of these new silicon voltage -variable
capacitors. The Q specifications of 50 and 100 at 4VDC
at 50 mc. for the first time combine wide tuning range
and high Q. Twenty-three other Varicap types ranging
from 7 to 100 AO also available. Details on request.

All High Q Varicap types are available on good
delivery schedules.

Fast Recovery Silicon
Diffusion Computer Diodes

ACTUAL SIZE

Type
Number

Minimum
Saturation.
Voltage 
M 100 Ks

(volts)

Minimum
Forward
Current
+ 1.0 volt
(mA)

Maximum Reverse
Current (Pa)

er, PC vie,
Characteristics

25°C 100°C
Reverse

Resistance
(ohms)

Maximum
Recovery
Time )ms

1N13431

1N682I

1/4183.

19789
19790

19791

19792

19793

16794

19795

19796
19797

19798

19799

114800

19801

19802

19803
19804

I 111659

100

100

30

30

30

30

60

60

60

60

120

120

120

120

150

150

200

200

111660 120

18661 240

19625 30

19626
19627

19628

1 N629

50

100

150

200

10

10

100

.025 (10V) 5 (10,4) 2001(
1 (100v) 15 (100v)

1 (10v)
20 (500)

20 (10v)
100 (50v)

5 (75v) 50 (75v)

er) tall /1 Mao -

MaximulErking inve

OTHER SPECIFICATIONS:

Peak Pulse Current, I µsec, 1% duty cycle: 3.0 Amps.
Storage and Operating Temperature Range: -65°C to 200° C.

10

10

so
100

10

10

50

100

10

10

50

100

10

so
10

so

6

6

4 @ 1.5r
4 (9 1.5n

4@ 1.5w
4@ 1.5w
4 (9 1.5w

1 (200) 30 (20v)
5 (20v)

5 (20v)
5 (20v)

I (50v)
5 (50v)
5 (50v)

5 (50v)
1 (100v)

5 (100v)
5 (100v)
5 (100v)

1 (125v)

5 (125v)
5 (175v)

10 (175r)

30 (2007

30 (200)

30 (29r)
30 (50v)
30 (50v)

30 (50v)
30 (50v)

30 (100v)

30 (100v)
30 (1000
30 (100v)

30 (125v)

50 (125v)

50 (135v)

100K

200K

2000

2000

2006

1006

2000

2000
20810

1001(

200K

2001(

2000
1006

2000
20011

2001(

50 (175o) 20016

5 (50w) 25 (50w)

5 (100w) 50 (1000

(70019 100 (200v)

1 (20w) 30 (200)

1(35v)
1 (75v)

1 (125r)

30 (35v)
30 (75v)

30 (125v)

0.3

0.5

0.5

0.5

0.25

0.5

0.5

0.5

0.25

0.5

0.5

0.5

0.25

0.5

0.5

0.5

0.5

0.5

0.5

4001( 0.3

40010 0.3

4006 0_3

4000
4001(

400K

40011

I (1750 30 (175w/ 4006

1 Avec

1 µsec

1 HNC

1 osee



Silicon Very High Voltage

Cartridge Rectifiers

%y ACTUAL SIZE

EIA
Type

Length
Inches

Absolute Max. Rtp.
H 'W Res. Load at

75°C Ambient

Peak
Inverse
Voltage
Volts

Max.
Rectified

DC Output
Current

MA
181139 454 3600 65

181140 214 3600 65

181141 455i 4800 60

181142 251 4800 50

181143 454 6000 50

1811430 4g. 6000 65

181144 6IAs 7200 50

181145 455a 7200 60

181146 8000 45

181147 69. 12000 45

181148 61/46 14000 50

181149 69' 16000 45

Electrical Characteristics
at 25°C Ambient

Forward
DC Volt Drop
at Rated DC

Current
Volts

Reverse
DC

Current at
Rated PIV

MA
.025

.025

.025

.025

.025

.025

.025

025
.025

.025

.025

.025

27.0

18.0

36.0

24.0

45.0

30.0

54.0

36.0

60.0

60.0

52.0

60.0

Storage and Operating Temp store Range -55°C to 150°C

Paci

CATHODE .arre MAXI

4E} 1=1

MS MAX.

Physical Characteristics
HERMETICALLY SEALED-Glass-to-metal fused and metal -to -
metal welded seals.
TERMINALS-Tinned copier leads .020 inches diameter.
Lead length 11/4 inch minimum.
MARKING-Wide color band indicates cathode end. (Wide
band indicates positive bias on Varicaps.) Type number
designated by color banCs reading from cathode.
ALL DIMENSIONS SHOWN IN INCHES-Patented under one or
more of the following United States Patents: No. 2815474,
No. 2827403. Other patents pending.

Semiconductors, Inc.
10451 West Jefferson Boulevard, Culver City, California
ORegon 8-9013, OSborne 9-4561 TWX: HAWTHORNE CAL 7414

EXPORT-Pacific Semiconductors, Inc., 431 Fifth Ave., New York 16, N.Y., U.S.A. CABLE: TELTECHNAL, NY

SALES OFFICES
NEW YORK -2079 Wantagh Ave., Wantagh, L.I., NY.

 SUnset 1-7470  TWX: WANTAGH NY 2320
Boston -471 Washington St., Wellesley 81  CEdar 5-0171
Glen Falls, N. Y.-19 Merritt Rd.
Ottawa -227 Laurier Ave. West  CE 2-8504

PENNSYLVANIA -320 Huntingdon Pike, Rockledge
Philadelphia, Pa. Pilgrim 2-8089

Baltimore, Md.-1811 North Rolling Rd.  Windsor 4-3622
Madeira Beach, Fla.-P. 0. Box 8215  Phone 7-6126

ILLINOIS -6957 W. North Avenue, Oak Park, Illinois
Village 8-9750 TWX: OKP 1547

Dallas -954 Magellan Circle  Riverside 7-1258
Detroit -29141 Mark, Royal Oak 4  Lincoln 8-4722

CALIFORNIA -8271 Melrose Ave., Los Angeles 46, Calif.
 OLive 3-7850

Palo Alto -701 Welch Road, Suite 305  DAvenport 1-2240

DISTRIBUTORS: ACK SEMICONDUCTORS, INC., 3101 4th Avenue, So., Birmingham, Alabama, FA 2-0588 - TWX: BH 341 ACK RADIO
SUPPLY OF GEORGIA, INC., 331 Luckie St. N.W., Atlanta, Georgia, JA 4-8477 - TWX: AT 875 ALLIED RADIO CORPORATION, 100
North Western Avenue, Chicago 80, Illinois, HAymarket 1-6800 ALMO RADIO COMPANY, 913 Arch Street, Philadelphia 7, Penn-
sylvania, WAlnut 2-5918 CRAMER ELECTRONICS, INC., 811 Boylston Street, Boston 16, Massachusetts, COpley 7-4700 DENVER
ELECTRONIC SUPPLY CO., 1254 Arapaho Street, Denver 4, Colorado, AMherst 6-1671 ELECTRO SONIC SUPPLY CO. LTD., 543
Yonge Street, Toronto 5, Ontario, Canada, WAInut 4-9301 ELECTRONIC SUPPLY, 909 Morningside Drive, Melbourne, Florida,
PArkway 3.1441 ELECTRONIC SUPPLY CORP., 2085 East Foothill Blvd., Pasadena, California, MUtual 1-5291 -TWX: PASA CAL 7406

ELECTRONIC WHOLESALERS, INC., 2345 Sherman Avenue, N.W., Washington 1, D.C., HUdson 3-5200 - TWX: WA 663 ELMAR
ELECTRONICS INC., 140 11th Street, Oakland, California, TEmplebar 4-3311 - TWX: 0A73 FERGUSON ELECTRONIC SUPPLY CO.,
2316 Puritan Avenue, Detroit 38, Michigan, UNiversity 1-6700 GENESEE RADIO & PARTS COMPANY, INC., 2550 Delaware Avenue,
Buffalo 16, New York GRAHAM ELECTRONICS SUPPLY, INC., 122 South Senate Avenue, Indianapolis 25, Indiana, MElrose 4-8487

KIERULFF ELECTRONICS, INC., 820 West Olympic Boulevard, Los Angeles, California, IRIchmond 7-0271 - TWX: LA46 LEW BONN
COMPANY, 1211 La Salle, Minneapolis, Minn. OIL CAPITOL ELECTRONICS, 708 So. Sheridan, Tulsa 16, Oklahoma, TE 6-2541
PEERLESS RADIO DISTRIBUTORS, INC., 92-32 Merrick Road, Jamaica 33, New York, JAmaica 3-3456 PIONEER ELECTRONIC
SUPPLY CO., 2115 Prospect Avenue, Cleveland 15, Ohio, SUperior 1-9411 RADIO SPECIALTIES COMPANY, INC., 209 Penn Avenue,
Alamogordo, New Mexico, HEmlock 7-0370 RADIO SPECIALTIES CORP., 917 North 7th Street, Phoenix, Arizona, ALpine 8-6121
RADIO SPECIALTIES INC., 6323 Acoma Road, Albuquerque, New Mexico ROCHESTER RADIO SUPPLY CO. INC., 600 E. Main Street,
Rochester 5, N.Y. SREPCO INC., 314 Leo Street, Dayton 4, Ohio STANDARD RADIO PARTS INC., 827 So. Park Avenue,
Tucson, Arizona STANDARD SUPPLY COMPANY, 225 East 6th South Street, Salt Lake City 10, Utah, ELgin 5-2971 STERLING
RADIO PRODUCT, INC., 1616 McKinney Avenue, Houston 1, Texas, CApitol 5-1321 - TWX: HO 878 SYRACUSE RADIO SUPPLY CO.,
621 South Salina Street, Syracuse, New York TERMINAL ELECTRONICS INC. 236 West 17th Street, New York 11, N.Y., CHelsea
3-5200 WHOLESALE ELECTRONIC SUPPLY, 2809 Ross Avenue, Dallas, Texas, TAylor 4-3001 WHOLESALE RADIO PARTS
COMPANY, 308 West Redwood Street, Baltimore, Maryland, MUlberry 5-2134.

1960, PACIFIC SEMICONDUCTORS, INC. LITHO IN U. S. A.



Silicon

General Purpose Diodes
ACTUAL SIZE

EIA
TYPE

NUMBER

Minimum
Saturation

Volume
0 103 ma

04 25°C
(volts)

Minimum
Forward

Current 0
t1.0 VDC

® 75°C
(mA)

Maximum In ern Current
at Maximum DC Operating

Voltage (ma 0 volts)

Maximum Average
Rectifie Current

(mA)

I® 25°C ® 150°C 0 25°C 0150°C
10456 30 40 .025 04 25 5 46 25 90
10456/1 30 100 .025 (M 25 5 (64 25 200 70

9 0457 70 20 .025 46 60 5 04 60 75
1N457A 70 100 .025 (M) 60 5 CM 60 200 70

90458 150 7 .025 04 125 5 (64 125 55
111458A 150 100 .025 5 125 5 46 125 200 70

911459 200 3 .025 0 175 5 0 175 40
10459A 200 100 .025 0 175 5 0 175 200 70

1 0461 30 15 .5 (01 25 30 ® 25 60
10461A 30 100 .5 0 25 30 0 25 200 70

111462 70 5 .5 0 60 30 CM 60 50
1N462A 70 100 .5 46 60 30 ® 60 200 70

1N463 200 1 .5 0 175 30 ® 175 30
10463A 200 100 .5 0 175 30 a 175 200 70

1N464 150 3 .5 0 125 30® 125 so
10464* 150 100 .5 0 125 30 0 125 200 70

900 Types

OTHER ABSOLUTE MAXIMUM RATINGS:
Power Dissipation 05 Watts 05 25°C. Power Dissipation 0.25 Watts@ I50°C. I Second Surge Cur-
rent 1.5 Amperes 25`C. Storage and Operating Temperature Range -80°C to 200°C.

Silicon
High Conductance Diodes

ACTUAL SIZE

t 'SI or
EIA

TYPE
'NUMBER

minin....,
Saturation
Voltage

0 100 pa
025°C
(volts)

Maximum Forward
Vol age

DC OP 25°C
(volts)

Maximum Inverse Current
at Maximum DC Operating

Voltage
(,,e Co. volts)

MaXIMLI t Average
Rectifie Current

(mA)

0
100 mA

(a
200 mA

@
25°C

0
150°C

@
25°C

@
150°C

10482 40 1.1 .250 04 - 300 30 125 50

1N482A 40 1.0 .025 0 - 300 15 200 70

1N482B 40 1.0 .025 0 - 300 5 200 70

P3603 40 1.0 .250 0 - 30v 30 200 100

PS604 40 1.0 .0251 - 30v 15 200 100

PS605 40 1.0 .025 (ii - 30v 5 200 - 100

10483 80 1.1 .250 0 - 60v 30 125 50

1114330 80 1.0 .025 Co - 60v 15 200 70

1048313 80 1.0 .0250 , 600 5 200 70

PS609 80 1.0 .250 0 - 60v 30 200 100

PS610 80 1.0 .025 0 - 60v 15 200 100

PS611 80 1.0 .025 0 - 60v 5 200 100

10484 150 1.1 .250 0 -1250 30 125 50

I 0484A 150 1.0 .025 @I -125v 15 200 70

1114840 150 1.0 .0250 -125v 5 200 70

PS615 150 1.0 .250 ig -125r 30 200 100

PS616 150 1.0 .025 0 -125v 15 200 100

PS617 150 1.0 .025 0 -.1250 5 200 100

10485 200 1.1 .250 0 --1750 30 125 50

104850 200 1.0 .025 0 -175v 15 200 70

104858 200 1.0 .025 0 -175v 5 200 70

PS621 200 1.0 .250 0 -175v 30 200 100

PS622 200 1.0 .025 or -175v 15 200 100

PS623 200 1.0 .025 0 -1750 5 200 100

10486 250 1.1 .250 0, -225v 50 125 50

10486A 250 1.0 .050 0 -225v 25 200 70

11448613 250 1.0 .050 Co -225v 10 200 70

-PS627 250 1.0 .250 0 -225v 50 200 100

PS628 250 1.0 .050 -2250(f! 25 200 100

P0529 250 1.0 .050 0 -225v 10 208 100

1 0487 330 1.1 .250 46 -3000 50 125 50

10487A 330 1.0 .1000 -300v 25 200 70

PS632 330 1.0 .250 en -300v 50 200 100

PS633 330 1.0 .100 0 -300v 25 200 100

10488 420 1.1 .250 (0 --3800 50 125 50

11,14880 420 1.0 100 0 -380v 25 200 70

PS636 420 1.0 .2505' -380v 50 200 100

PS637 420 1.0 .100 Co -380v 25 200 100

OTHER ABSOLUTE MAXIMUM RATINGS
Maximum Power Dissipation 0.5 Watts 0 25 C. Maximum Power Dissipation 0.25 Watt M I50°C.
Maximum I Second Surge Current 16 Amperes On 25`C. Storage and Operating Temperature
Range 80' to 200 C.

Please Note: All specifications and
information contained herein are current as of:

February 15, 1960.

* NEW!
Fast Recovery
Low Capacitance
Computer Diodes

ACTUAL SIZE

Type
Min Sat.
Voltage

IMln. Fwd.
Current

Maximum Reverse
Cuirent (pa)

Reverse Recovery
Characteristics

Reverse Max. Racer.Number 0 100 Ma
(r)

0 1.0v
(mA) 25°C 100°C Res. (ohms) hie. (Me)

19925 40 5 1.0 (5003 20 (10v) 206 0.15

111926 40 5 0.1 (10vo 10 (10v) 209 0.15

10927 65 10 0.1 (10e) 10 (100)
5.0 (500 25 (50v) 20K 0.15

10928 120 10 0.1 (10,;) 10 (100)
5.0 (506) 25 (50v) 20K 0.15

Inverse Capacitance: Maximum 4.0..1 ® 6 volts
Typical 1 1 Pmf O -;-0 volts

Standard Encapsulations

A variety of assemblies can be
furnished for matched pairs and
quads, ring modulators, full
wave and bridge rectifiers and
many other applications.

Numerous lead arrangements
are possible in these three basic
configurations. Up to four di-
odes or rectifiers can be encap-
sulated in the "S" or "T"
packages. Up to 12 units can be
contained in the "R" package.
The number of units contained
determines its maximum length.

Leads .020" diameter,
1" minimum length.
Spaced on .1" grid centers.

DIMENSIONS

"T" Package

35 ACTUAL SIZE

"R" Package "1" Package "T" Package

Length .375" to 1.75" .45" .50"
Width .25" .39"
Height .50" 40"
Diameter 375"

* Since preparation of these
pages, many new and exciting
devices and types have been
added to the PSI line and are
now available. Call your near-
est PSI sales office for latest
information! Standard Modulator
Quads . . . Bridge Rectifiers and Rings

. 10 to 20 KV High Voltage Car-
tridge Rectifiers . . . and many others!



Multipurpose Millimicrosecond

N -P -N Triple -Diffused mesa types

Switching Transistors

2N1409 2N1410
MILLIMICRO SWITCHING-Typical 70 mils. rise time.

EXTREMELY LOW COLLECTOR SATURATION
VOLTAGE-Typical .25 volts.

CONTROLLED DC BETA RANGE -15 to 45 2N1409;,
30 to 90 2N1410

SUPERIOR PERFORMANCE OVER A WIDE RANGE
OF COLLECTOR CURRENTS.

HIGH POWER DISSIPATION -2.8 watts g 25° C
case temperature.

JEDEC 30 (T0-16) PACKAGE.

Immediately Available !
Phone, wire or write for detailed specifica-
tions and curves.

VHF Silicon*11112
Power Transistors
N -P -N Triple -Diffused mesa types

2N1335 2N1336
2N1337
Power Amplifiers

2N1339 2N1340
2N1341
Power Oscillators
HIGH FREQUENCY 170 me Alpha Cut-off

HIGH VOLTAGE 160v Peak Collector-Base Voltage

HIGH POWER 2.8 watts @ 25`C case temperature

LOW OUTPUT CAPACITANCE 4/Lpf typical

Available in the JEDEC 30 (TO -16) package, these
units are particularly well suited for general VHF use.
Applications include power output stages, high level
video amplifiers, power oscillators, and many others
requiring the unique combination of high frequency,
high voltage and high power.



Silicon
Subminiature Rectifiers

ACTUAL SIZE

MEDIUM POWER TYPES

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS
EIA Peak Mac mum Minimum Maximum Max. Fwd.

TYPE Inc. Aug. Rectified Saturation Reveres Voltage
NUMBER Voltage

(v)
Current (mA), Voltage

40 100°C
Current

4 PIV (pa)
Drop ®la
.400 mA

1161 25°C tum4 25°C (if, 150°C
a 40

111615 225 400 150 215
O0°CTC 11

1.0

18646 300 400 150 360 0.2 15 10
19647 400 400 150 480 0.2 20 1.0

111648 500 400 150 600 0.2 20 1.0

16649 600 400 150 720 0.2 25 1 0

Ac All above types available
as Air Force Approved Units.

400 MILLIAMPERE PSI TYPES

PSI
TYPE

NUMBER

TYPE
PS 405

PS 410

PS 415

PS 420

PS 425

PS 430

PS 435

PS 440

PS 450

PS 460

Peak
Recur,
Inverse
Voltage
(volts)

50

100

150

200

250

300

350

400

500

600

MAXIMUM RATINGS

Maximum
RMS
Input

Voltage'
(volts)

35

70

105

140

175

210

245

280

350

420

400 mA 4 25T -150 mA 4 150°C

Maximum
Average
Rectified
Current'

(mA)

250 MILLIAMPERE PSI TYPES

150

150

150

150

150

150

150

150

125

125

ELECTRICAL
CHARACTERISTICS

DC Forward
Voltage
Specified
Current
4 25°C

(volt. (4 mA)
4 25°C

1.5 500

1.544500
1.5 4 500
1.5 4 500
1.5 4 500
1.5 4, 500
1.5 4 500
1.5 (g, 500

1.5 (xii 500

1.5 4 500

Maximum
Average
tri11".
Current'
M 100'C

(mai

M 150°C
500

500

500

500

500

500

500

500

500

500

250 mA 00 C-140 mA (u 100°C
PS 005 50 35 140 1 M 100 100

PS 010 100 70 140 140 100 100

PS 015 150 105 140 1 4 100 100

PS 020 200 140 140 1 4 100 100

PS 025 250 175 140 1 Cu 100 100

PS 030 300 210 140 1 40 100 100

PS 035 350 245 140 14 100 100

PS 040 400 280 140 1 4 100 100

PS 050 500 350 140 1 4 100 100

PS 060 600 420 140 1 4 100 100

I. Resistive or inductive load.
2. Averaged over one cycle f r hall wave resist ye or choke inp t circuit with rectifier operating

at lull rated current and maximum RMS input.
Storage and Operating Temperature Range -65°C to 200°C.

500 MA TYPES IN MINIATURE PACKAGE ALSO AVAILABLE.

New Types! Silicon
HighVoltage Rectifiers

35 ACTUAL SIZE

EIA
TYPE

NUMBER

Peak
Inverse
Voltage
(volts)

Average
Rea
Current

(mA)
4 25°C

Bled

® 100°C

MAX RMS
Input

Voltage
(volts)

MAX DC Fwd
Voltage Drop
4 100 mA DC

25°C

Dimension.
(Inches)

L. Dia.

181730 1000 200 100 700 5 .5 .375

181731 1500 200 100 1050 5 .5 .375

1711732 2000 200 100 1400 9 1.0 .375

161733 3000 150 75 2100 12 1.0 .375

1111734 5000 100 50 3500 18 1.0 .5

162382 4000 150 75 2800 18 1.0 .5

162383 6000 100 50 4200 27 1.5 .5

162384 8000 70 35 5600 27 1.5 .5

182385 10000 70 35 7000 39 2.0 .5

Maximum DC Reverse Current 40 Rated PIV IOTA @ 25°C, 1000A I00°C.
Maximum Surge Current (Brush.): 2.5 Amps.
Continuous DC Voltage same as PIV.
Operating temperature range -55°C to 150T.



Servo Components ?
MUIRHEAD!

The two are synonymous. And the reason? MUIRHEAD make a
speciality of manufacturing all types of synchros and servomotors
-and have done so for more than 20 years.
MUIRHEAD synchros and servomotors are precision built to meet the
exacting requirements of Bu. Ord., N.A.T.O. and British Military
specifications in sizes from 08 to 23.
Ask for the new broadsheet containing the full range. Data sheets for
specific models and prices sent on request.

MUIRHEAD
Precision Electrical Instruments

MUIRHEAD INSTRUMENTS INC.,
441 Lexington Avenue, New York 17, N.Y., U.S.A.

Telephone: Murray Hill 2-8131
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada

Telephones: 3717 & 3718
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England

Telephone: Beckenham 4888

Meet us at Booth 3230 I.R.E. SHOW March 21-24 1960

Our engineers will be pleased to discuss with you any matters relating to the

wide range of Muirhead servo components and electronic instruments.

A representative selection of our products will be on show, together with a
working demonstration of the new Automatic Recording Wave Analyser.
This instrument is designed to carry out automatic amplitude / frequency

analyses of steady signals and amplitude/ frequency /time analyses of

non -steady signals.

426/A

on request

MUIRHEAD 1

TECHNIQUE
A Journal of Instrument Engineering

for
Scientists, Engineers, Technicians.

Research Workers

MUIRHEAD & CO. LIMITED
BECKENHAM  KENT

ENGLAND

('Circle 112 on Inquiry Card Circle 10 on Inquiry Card 25



spoGUE

BLUE JACKET
VITREOUS ENAMEL -PROTECTED,

POWER WIREWOUND RESISTORS.
Send for Bulletins: 7410-A (Axial Lead), 7400-A (Tab Type)

KOOLOHM
CERAMIC INSULATED -SHELL,

POWER WIREWOUND RESISTORS.
Send for Engineering Bulletin: 7300-A

PERMASEAL
CAST EPDXY HOUSING,

PRECISION WIREWOUND RESISTORS.
Send for Engineering Bulletin: 7500

SPRAGUE RESISTORS

-SPRAGUE
_409.E

SPRAGUE
SPIR-AMEG
- TYPE70IE

FILMISTOR
PRECISION CARBON FILM RESISTORS.

end for Bulletins: 7000 (Molded shell), 7010-B (Ceramic shell)

MEG-0-MAX
GLASS -JACKETED HIGH VOLTAGE,

HIGH POWER RESISTORS.
Send for Engineering Bulletin: 7200-A

SPIRAMEG
HIGH -RESISTANCE SPIRAL ELEMENT

RESISTORS.

Send for Engineering Bulletin: 7100

SPRAGUE ELECTRIC COMPANY 233 Marshall Street North Adams, Mass.
SPRAGUE COMPONENTS: RESISTORS CAPACITORS MAGNETIC COMPONENTS TRANSISTORS
INTERFERENCE FILTERS PULSE NETWORKS HIGH TEMPERATURE MAGNET WIRE PRINTED CIRCUITS

26 Circle 11 on Inquiry Card ELECTRONIC INDUSTRIES March 1960



As We Go To Press . . .

Tubes or Transistors?
"Transistors have a long way

to go before they overcome their
growing pains," R. E. Moe, of the
General Electric Company, Owens-
boro, Ky., told a symposium on
new electron tube developments
during the Winter General Meet-
ing of the American Institute of
Electrical Engineers. His observa-
tions were made in a paper, "Tubes
or Transistors -A Realistic As-
sessment."

Mr. Moe said that there is no
doubt that transistors will take
over some of the application areas
previously served by tubes. How-
ever, the fact is there are many,
many fields where tubes are and
still continue to be superior. The
use of tubes or transistors will de-
pend on operating conditions and
circuit requirements, he said.

At the same meeting two West-
inghouse Electric Corp. engineers
delivered a paper, "Shall an Elec-
tron Tube or a Semiconductor De-
vice be Used?" The authors were
E. E. Scheneman and S. K. Wal-
dorf. They said the answer to this
question depends on the needs of
the electronic equipment designer.

TV THROUGH A PIPE

IT&T Corp. is sending live TV over half a
mile through this 3 in. pipe at Hertsfordshire
County, England. They are believed to be the
first transmitted by circular waveguide or by
pulse code modulation for such a distance.
Even greater distances are possible with re-
peaters. In commercial use, the pipe would
be buried.

(Continued)

Better Ferroelectric
Materials Reported

Charles F. Pulvari, Researcher
for the Air Force, in 1955 proved
the feasibility of ferroelectric in -
information storage devices. He
goes further in the development of
improved, practical ferroelectric
materials in a report just released.
The report is titled "Research on
Barium Titanate and Other Ferro -
electric Materials for Use as In-
formation Storage Media."

This report may be obtained
from the Office of Technical Ser-
vices, U. S. Department of Com-
merce, Washington, D. C., for
$3.50. Order PB 151835.

Another report by W. M. Becker,
R. W. Clark, and M. S. Hall, to the
Air Force describes a search for
a better notation scheme, improved
ferroelectric materials, and a faster
electro-optical switch for digital
computers. The report is titled
"Research on Automatic Computa-
tion Techniques and Components."
It is also available from OTS, U. S.
Department of Commerce, Wash-
ington 25, D. C. Cost is $3.00, or-
der PB 151834.

Contractors
Hold Seminar

The newly organized GCMA
(Government Contracts Manage-
ment Association of America) held
the first of a series of Seminars on
the negotiation and administration
of contracts in the defense indus-
try.

The first Seminar was on sub-
contracting for the Defense Pro-
gram. It covered such subjects as
selection of sources, preparation of
bid request, bid analysis and meth-
ods, and objectives of negotiation
and administration. The Seminar
was headed by Mr. F. E. Cassot,
Purchasing Agent, Air Armament
Division Hustler, Sperry Gyroscope
Company.

GCMA was founded last year to
act as an exchange center of ideas
and experience to augment the
skills of individuals in the defense
industry who are members. Accord-
ing to Mr. Stanley Fried, GCMA
President, "For people engaged in
defense programs, management and
administration of Government con-
tracts represents an extremely com-
plex problem."

RADIATION DETECTOR

"Solid State Ionization Chamber" is smaller
than the head of a pin. Developed by Hughes
Aircraft Co. Labs at Los Angeles and New-
port Beach, Calif., it measures the number and
energy of atomic particles. It uses "doped"
silicon which emits a measurable pulse when
struck with a charged nuclear particle.

Loran -C System
Tests Favorable

Tests have been completed on a
navigation system called Loran -C.
This radio navigation system will
permit ships to determine their
positions accurately at long ranges
(well over 1000 miles) from the
transmitters. Test results were
very favorable.

The system was under evalua-
tion by Jansky and Bailey, Inc.,
Washington, D. C. The evaluation
was sponsored by the Office of Na-
val Research under a contract ad-
ministered by the U. S. Coast
Guard.

The East Coast Loran -C system
was studied. Transmitting sta-
tions are located in Massachusetts,
North Carolina, and Florida. The
system is operated by the Coast
Guard.

The North Carolina station
sends out a series of radio pulses
which are picked up by the Massa-
chusetts and Florida stations, as
well as by the ships using the sys-
tem. After receipt of the master
pulses, the Florida and Massachu-
setts stations originate similar
pulses after a closely controlled
time interval. The ships, in turn,
measure the time differences be-
tween the receipt of pulses from
the North Carolina and Massachu-
setts stations and from the North
Carolina and Florida stations. This
information is used to develop a
geographical position.
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Electronic Industries' News Briefs
Capsule summaries of important happenings in affairs of equipment and component manufacturers

EAST
BENDIX AVIATION CORP. has received

orders for automatic flight control systems to
equip the first turbine -powered planes specifi-
cally designed for commercial air freight. Its
transistorized PB-20 flight control systems
will be incorporated in fleets of new Canadair
Forty -Four turbo -prop cargo carriers.

GENERAL PRECISION, INC., GPL Div.,
has won an award by the Aeronautical Sys-
tems Center of the Air Material Command,
Dayton, Ohio, for a contract of over $3.7 mil-
lion for airborne navigation systems.

ULTRASONIC INDUSTRIES, INC., 141 Al-
bertson Ave., Albertson, L. I., N. Y., is the
name of a new company formed by Paul M.
Platzman. The company is already in produc-
tion on their line of ultrasonic cleaning equip-
ment.

INTERNATIONAL TELEPHONE AND
TELEGRAPH CORP. has received additional
funding of more than $1.3 million for the
defensive electronic countermeasures "check-
out" system for Air Force B-58 bomber. This
award brings the grand total to $8.8 million.

GENERAL TRANSISTOR CORP., Jamaica,
N. Y., is bringing out tunnel diodes. They
have a pilot production line in operation for
engineering samples and have already begun
shipments of test quantities.

MONITOR SYSTEMS, INC., a div. of
EPSCO, Inc., has completed their new plant
in Ft. Washington Industrial Park, Ft. Wash-
ington, Pa.

ASSOCIATED TESTING LABORATORIES,
INC., environmental testing laboratory and
manufacturer of environmental test equip-
ment, will move into a new plant in Wayne,
N. J., early this year.

SYLVANIA ELECTRIC PRODUCTS, INC.,
has raised the temperature capabilities of its
full line of S- and X -band microwave diodes.
As a result of improved processing techniques,
standard microwave diode heat capabilities up
to 150°C. are now available to design en-
gineers at no increase in cost.

GENERAL ELECTRIC CO., Syracuse, N. Y.,
has received a $3.7 million Air Force contract
for continuing world-wide service for ground
electronic equipment. It was awarded to GE's
Heavy Military Electronics Dept.

ALLEN B. DU MONT LABS., INC., Clifton,
N. J. has received a sub -contract from Bendix
Products Div. -Missiles, for the production of
telemetry equipment and associated test equip-
ment for the Talos Guided Missile. Contract
amount is about $1.6 million.

SPRAGUE ELECTRIC CO., No. Adams,
Mass., has announced a price decrease ranging
from 5 to 10% in the price of its metal -clad
solid -electrolyte tantalum capacitors.

TRANSITRON ELECTRONIC CORP.,
Wakefield, Mass., has announced the purchase
of the former Maverick Mills plant in Boston
containing some 400,000 sq. ft. of space. Ex-
tensifive alterations and a modernization pro-
gram are already underway. The company
expects that between 2000 and 3500 persons
will be employed there.

ERIE RESISTOR CORP. has announced the
opening of Electron Research, Inc., a wholly
owned subsidiary, for the purpose of manufac-
turing semiconductor components and devices.
The new company is located at 530 W. 12th
St., Erie, Pa.

ATLAS E -E CORP. has officially changed
their name to ATLEE CORP.

EFCON, INC., manufacturers of electro-
static and solid tantalum electrolytic capaci-
tors, has moved into their new 20,000 sq. ft.
building located at Roosevelt Field, Garden
City, L. I., N. Y.

PERKIN - ELMER CORP., Electro-Optical
Div., has just received contracts totaling $2
million for the production of alignment the-
odolites for the USAF TM -76B MACE missile
program. The Baltimore Div. of The Martin
Co. is prime contractor for the MACE weapon
system.

CARLISLE CORP., Carlisle, Pa., has just
acquired the International Wire Products
Corp. of Midland Park, N. J. The company
will function as a wholly owned subsidiary of
Carlisle.

GENERAL TELEPHONE & ELECTRONICS
CORP. has announced the formation of Gen-
eral Telephone & Electronics Laboratories,
Inc., a wholly -owned subsidiary which will be
engaged in a wide range of scientific research
activities in the communications and elec-
tronics fields.

RAYTHEON CO. has been awarded a $4,-
835,000 contract by the Dayton Air Force
Depot for production of 7600 high powered
magnetrons to be used in SAGE height finding
radars.

AVION DIV., ACE INDUSTRIES, INC.,
has just received a "quick reaction" contract
to provide engineering, laboratory and model
shop work associated with printed circuit
electronics. It was issued by Goddard Space
Flight Center of the National Aeronautic and
Space Administration.

WESTON INSTRUMENTS, Div. of Day-
stron, Inc., has received a half -million dollar
order from the Air Force Material Command,
Wright -Patterson Air Force Base, for bearing
distance heading indicators.

MID -WEST

G. II. LELAND, INC., have taken an option
on 15 of the 70 acres of the proposed Scholz
Industrial Park in Vandalia, Ohio. Construc-
tion plans call for building in stages, with
the first unit estimated at 50,000 sq. ft. and
ultimately comprising 150,000 sq. ft.

VICTOREEN INSTRUMENT CO., Cleve-
land, Ohio, will build a complete radioactivity
detection and control system for the Atomic
Energy's nuclear plant near Hallam, Nebr.
The contract was received from Atomics In-
ternational, a division of North American
Aviation, Inc.

MONSANTO CHEMICAL CO., says they
have begun operation of the first computer -
controlled chemical plant in the U. S. The
plant is located in Luling, La.

FANSTEEL METALLURGICAL CORP., No.
Chicago, Ill., now has tantalum powder avail-
able for $30.00 per lb. They have started a
program to provide immediate shipment of
tantalum products from stock.

COLLINS RADIO CO. has received a con-
tract totalling about $1 million from the U. S.
Army Signal Corps for a microwave and
tropospheric scatter communication system to
be installed in the Washington, D. C. area.

WEST
TALLY REGISTER CORP., maker of

punched paper tape data processing, storage,
acquisition equipment, has occupied a new
plant. The new offices and manufacturing
area are located at 1310 Mercer in Seattle's
Westlake district.

RADIO CORP. OF AMERICA has dedicated
a new Surface Communications Systems Lab-
oratory in Tucson, Ariz. The new facility
will provide a modern scientific quarters for
the type of work RCA has been doing during
the past four years for the Signal Corps at
near -by Ft. Huachuca.

TEXAS INSTRUMENTS, INCORPORATED,
has been awarded a contract for the produc-
tion of 37 telemetry systems for the Bomarc
C-2 missile by the Boeing Airplane Co., Seat-
tle, Wash.

SERVOMECHANISMS, INC., has formed a
separate research division. Headquarters for
the research division will be at the company's
Santa Barbara facility.

AMERICAN AVIONICS, INC., Los Angeles
electronics manufacturer, has completed the
first in a planned series of acquisitions by
purchasing a dominant stock interest in Lance
Industries, Inc., California manufacturer's
representative concern.

LITTON INDUSTRIES, Beverly Hills,
Calif., has acquired Electronic Systems Div.
of General Controls Co. The Electronic Sys-
tems Div. specializes in design and production
of air data computers and navigation and
flight control subsystems.

TELECOMPUTING CORP., of Los Angeles,
has offered to acquire all of the outstanding
stock of Narmco Industries, Inc., San Diego,
manufacturer of resins, coatings, adhesives,
metal bondings, and plastic sporting goods.
The acquisition is subject to the approval by
Narmco shareholders.

CANNON ELECTRIC CO., Los Angeles.
Calif., has opened a new manufacturing divi-
sion in Phoenix, Ariz. Called the Special
Products Div., the new factory combines all
engineering, manufacturing, and testing fa-
cilities for production of Cannon plug/harness
systems, missile/umbilical plugs and "Can -
seal" hermetically sealed plugs.

SIERRA ELECTRONIC CORP. has an-
nounced plans for a major expansion of its
plant in Menlo Park, Calif. The company will
add 50,000 sq. ft. to its engineering and
manufacturing facilities in the Bohannon In-
dustrial Park section of Menlo Park, Calif.

IRON FIREMAN MANUFACTURING CO.,
Electronics Div., Portland, Ore., has received
contracts calling for delivery of approximately
$1 million worth of drone gyroscopes from
Radioplane, a Div. of Northrop Corp. in Van
Nuys, Calif.

AEROLAB DEVELOPMENT CO., Pasadena,
Calif., specialists in aerophysics research, has
been acquired by Ryan Aeronautical Co., San
Diego, Calif. Aerolab will continue operations
at Pasadena as a wholly owned Ryan sub-
sidiary.

TASKER INSTRUMENTS CORP., Holly-
wood, Calif., has broken ground for modern
electronics facilities in Van Nuys. The new
building will consolidate the corporation's ad-
ministrative, engineering and production de-
partments, which are now located in Holly-
wood and Burbank.
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THE ADAMS & WESTLAKE COMPANY,
ORIGINAL AND LARGEST MANUFAC-
TURER OF MERCURY PLUNGER -TYPE
RELAYS, ANNOUNCES A LINE OF...

mercur
wn

contact
relays`

Rated / for these applications

computing systems

>signaling devices
>tabulating machines

high speed switching

WRITE for bulletin "MW," The Adams & Westlake
Company, Department 41-AW Elkhart, Indiana.

SPEEDS: Up to 100 opera-
tions per second.

CONTACT RATING: 250
volt-amperes, 500 volts maxi-
mum. 5 amperes maximum
(with suitable contact protec-
tion).

LIFE: Billions of operations.

MAINTENANCE: None. All
ADLAKE relays are mainte-
nance -free.

Manufactured
under license
agreement
with Western
Electric
Company, Inc.
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ood electronic design

you limit compromise by

PROOF: G -E 7077

over a wide spectrum of

LOCKHEED

WIDE -BAND TAPE RECORDER.

For Lockheed, California Division, 28 General Electric
7077's serve as pre -amplifiers in a 14 -channel 500-kc
60" -per -second tape recorder that stores wide -band
information from an air defense exercise five times as
rapidly as before. Extreme requirements of frequency,
timing accuracy, and reproducibility are met by the
7077's low noise, high impedance, and high Gm. Also,
the tube's small size matches the miniaturization needs
of the Lockheed tape -recorder equipment.

LOCAL PULSE

INPUT

RE
WITCH

7077

MOTOROLA
VARIABLE
ATTER .

077

VARIABLE

ATTER.

7077

PULSED AGC

VARIABLE

ATTER.

7077

0.

TIMER

IF STRIP

CALIBRATED

DELAY LOOP

ACC

GROUND -SURVEYING RADAR.

Motorola's Western Military Electronics Center in
Phoenix uses four General Electric ceramic 7077's for
high-speed RF switching and pulse attenuation in a
440-mc distance measuring circuit where timing to
one billionth of a second is needed for pulse delay meas-
urement. Minimum plate -to -cathode capacitance, high
gain, low noise, and a configuration that makes the
tube ideal for grounded -grid service, were reasons
back of Motorola's choice of the G -E 7077.



involves trade-offs ...but

using ceramic tubes.

meets designers' targets

frequency and function.

PARSONS

MISS -DISTANCE INDICATOR.
Ralph M. Parsons Company uses seven General Electric
ceramic 7077's in tuned stages as high -gain, low-noise
RF amplifiers in its PARAMI system for determining
air -intercept missile accuracy. A 324-mc circuit, the
Parsons PARAMI system has a gain -bandwidth prod-
uct approaching the limit of the state of the art.

Phone your nearest General Electric
New York: Wisconsin 7-4065, 6, 7, 8 Chicago:

Circle 13 on Inquiry Card

TEM CO

UHF
DISTRIBUTED
AMPLIFIER.
Many receivers-one antenna, with Temco Electronics'
broadband distributed amplifier. Arranged in six five -

stage units, 30 G -E 7077's are used as RF amplifiers,
operating over a 750 me bandwidth, between 250 and
1000-mc. Fills the frequency gap between TWT's and
existing distributed amplifiers.

Receiving Tube Department Office:
SPring 7-1600 Los Angeles: GRanite 9-7765

Progress /s Our Most important Product

GENERAL ELECTRIC



1.111LCO ANNOUNCES

THE FASTEST HIGH -CURRENT
swamp TRANSISTORS!

INPUT
PULSE

+6V

I 2V

600

INPUT

06 100

-24V

100 TYPICAL OUTPUT
PULSE

OUTPUT

2N1495

TYPICAL 240 ma SWITCHING CIRCUIT
WITH TURN ON CURRENT OF 20 ma
AND TURN OFF CURRENT OF 10 ma

22
n sec.

501 35
fl sec. II sec.

TYPICAL CHARACTERISTICS

PT VBE(SAT) VBE hFE fT
TYPE CASE @,25'amb. VcEs lc = -200ma VBE= -1V VBE = -10V

(Max) (Max) Is= -10ma 1c= -200ma 1E= 25ma
2N1495 10-9 250mw -30v 0.35v 0.60v 60 320mc
2N1496 T0-31 *0.5W -30v 0.35v 0.60v 60 320mc
2N1204 T0-9 250mw -20v 0.35v 0.60v 60 320mc
2N1494 T0-31 *0.5w -20v 0.35v 0.60v 60 320mc

case temp.

IMMEDIATELY AVAILABLE

In Design Quantities through
your Philco Industrial
Semiconductor Distributor

40

        

saitt.".

MADT*
2N1495  2N1496
2N1204  2N1494

These Diffused -base

Transistors are
capable of utilizing
the full speed of
new magnetic film
memory planes

These new Philco MADTs are the result of a revolu-
tionary new development of the Precision -Etch process,
which gives high switching speed at high currents. They
are capable of switching 400 milliamperes of current at a
10 mc clock -rate . . . and are the only transistors available
today that permit full utilization of high-speed magnetic
film memory planes. The typical fT of 120 mc at 100 ma
makes these units particularly suitable for video drivers,
pulse line drivers and other high -current switching cir-cuits. The ultra high -frequency response at the levels
normally encountered in current -switching logic cir-
cuits, coupled with high dissipation capabilities, makes
these units desirable for this class of circuit application.

Both the 2N1495 and 2N1204 are available in studded
versions for higher power applications. Typical char-
acteristics are shown in the accompanying table. For
complete application data, write Dept. EI-360.
"Reg. U. S. Pat. Off.

PH I LCO,
LANSDALE DIVISION  LANSDALE, PENNSYLVANIA

SEE US AT IRE...BOOTHS 1302-1308
Circle 14 on Inquiry Card



Facts and Figures Round-Up
March 1960

ELECTRONIC
INDUSTRIES TOTALS
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GOVERNMENT ELECTRONIC
CONTRACT AWARDS

Handset -headsets
Headsets -microphone
Indicators, voltage

183,182
50,681
44,797

Tower, antenna
Transducers, pressure
Transformers, variable

42,606
40,600
47,862

This list classifies and gives the value of electronic Insulators 130,193 Transistors, silicon 50,103

equipment selected from contracts awarded by Jacks, telephone 28,670 Translators 33,450

government agencies in January, 1960. Lugs, terminal 39,273 Transmitters/receivers, FM 209,595

Meters, frequency 35,335 Transmitters 87,719

Amplifiers 268,430
Amplifiers, TWT 116,578

Analyzers, atmospheric 248,130
Analyzers, sound 132,843

Antenna, LORAN 61,781
Antennas, radio df 69,044

Modules, servo
Oscilloscopes
Power supplies
Radar sets
Ranging equipment, electronic
Radio sets

27,588
25,000

251,814
11,649,538

79,850
2,275,148

Transmitters, rate gyro
Transmitters, synchro
Tubes, electron
Tubes, klystron
Tubes, magnetron
Turntables, gyro test

44,208
38,476

2,949,254
230,820

1,148,815
I 03,845

Antennas 179,600 Receivers, infrared 40,800

Assemblies, gyro 26,613 Receivers, radar 199,386

Assemblies, waveguide 32,855 Receivers, radio 62,981 ENGINEERING DEGREES -1959

Batteries 1,950,346 Receivers, telemetry 50,553 Official 1959 figures are expected to be pub-

Bridges, impedance 73,162 Receiver/transmitters, radio 625,455 lished by the U. S. Office of Education in the near

Cable 30,167
Cable assemblies 145,777

Cable, r -f 46,381
Cable, telephone 213,838
Chargers, 101,482

Recorders, radiation pattern
Recorders, radiosonde
Recorders/reproducers magnetic

tape

256,925
176,633

174,051

131,875

future. The following are for bachelor degrees,
from colleges with ECPD accredited curricula.

1959 1960
Estimated Projected

Coils 54,891 Regulators, voltage 70,087 AERONAUTICAL 1300 1285

Compass sets, gyro -magnetic 267,747 Resistors 34,040 AGRICULTURAL 360 350

Computers, analog 2,522,100
Computers, digital 1,450,000
Computer -indicators, radiac 57,503

Resistors, variable
Resolvers
Repeaters, telephone

46,941
86,507

148,518

CHEMICAL
CIVIL
ELECTRICAL

3025
5050
9500

2975
4975
9400

Connectors 50,604
Couplers, antenna 67,590
Crystal units 49,471

Detectors, SONAR 126,868
Discriminators 42,642

Relays, armature
Relays, solenoid
Servos
Splices, electronic
Switches, pressure

286,109
49,946

261,672
32,396
43,754

GENERAL
INDUSTRIAL
MECHANICAL
METALLU RGICAL
MINING

710
1875
8425

680
205

685
1825

8350
670
190

Equipment, computer 70,126
Equipment, data reduction 64,000

Switches, rotary
Switches, thermostatic

56,850
30,256

PETROLEUM
ALL OTHERS

685
1800

660
1750

Equipment, telemetry 42,166
Equipment, X-ray 134,450

Switches, toggle
Synthesizers, frequency

25,607
71,566

TOTAL 33615 33115

Filters, band -Doss 27,600 Systems, microwave 296,617 From other Colleges 4350 4300

Generators, signal 33,325 Tape, magnetic 31,800
GRAND TOTAL

Ground stations, communica- Teletypewriters 4,107,338 37965 37415

tions 200,000 Terminals, telephone 2,616,305 --Engineer's Joint Council

Gyroscopes 107,702 Timing and recording equipment 56,250

Research and Development
EXPENDITURES $ Billions

Outer Space Activities
(Other Than Military Missiles )

NEW OBLIGATIONAL AUTHORITY - $MILLIONS

$189
52-
137

1958
Fiscal Years

$118

440

$1030

454

338 576

1959

$1256

Defense

407

National
Aeronautics and
Space Administration
and

Atomic Energy
Commission

849

1960 1961
Estimate

- Executive Office of the President Bureau of the Budget
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OPEN WIDE PLEASE!
Piasecki Aircraft Coip.'s "Aerial jeep" dis-
appears into the cargo department of an
Air Force C-130. No folding was required
and entire operatioi took four minutes.

SPACE FENCE

Electronic screens can spot objects as high as 1,000 mi. Shown here is an-
tenna test range of Technical Appliance Corp., Sherburne, N.Y. Transmit-
ter across the valley transmits controlled signals to the receiver location.

COMPUTER DESIGNS COMPUTER
Circuit designs for the IBM 7080 data proc-
essing system were prepared by its prede-
cessor, the IBM 705 III, at Poughkeepsie,
N. Y. Console of the 7080 is shown at left.

TV SPECIAL EFFECTS
"Inter -Sync" device developed by Ampex
Corp., Redwood City, Calif., for its Video-
tape recorder synchronizes playback outputs
of two VTRs for feed to a third monitor.

CRYSTAL
GROWING
FURNACE
Semiautomatic crystal
growing furnace de-
veloped by Hoffman
Electronics Corp., Los
Angeles, Calif., grows
monocrystalline ma-
terial three times
faster than conven-
tional furnaces.

34

Snapshots . . .

of the
ATOMIC ENERGY MEASURES FUEL
Atomic energy gage developed by Atomics International Div.,North American Aviation, Inc., Canoga Park, Calif., measures theamount of fuel in airplanes and missiles during all flight attitudes.



Electronic Industries

KEEPS MAN -IN -SPACE COOL

"Thermo -lag," from Emerson Electric, St.

Louis, Mo., dissipates heat by sublimation.
Material can be sprayed or brushed onto sur-
face.

ATOMIC MOTION MODEL
David Turnbull (r) and Robert Cormia of GE's

Research Lab in Schenectady, N. Y., demon-
strate apparatus which shows how atoms

neve in liquids. "Atoms" are glass beads
jostling each other on a vibrating platform.

ROTARY ASSEMBLY LINE
Rotary wheel replaces standard assembly line work bench in assem-

bling small missile electronic components at The Martin Co.'s

Baltimore Div. Wheel has 24 positions and automatically rotates.
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=International News
EUROPE

France Gets Cobalt 60
Paris-The Commissariat a l'Energie
Atomique-the French Atomic Energy
Commission-has bought 10,000 curies
of cobalt 60 from the Budd Company,
Phila. The isotopes will be used for
studies at CEA's Nuclear Research
Center at Seeley, near Paris.

Budd bought the isotopes from the
AEC's Oak Ridge National Labora-
tory and encapsulated them in ten
stainless steel "pencils." The pencils,
supplied by the French, are 7 in. long
and approx. 1/3 in. in dia. Each pen-
cil has 50 wafers of cobalt 60. The
pencils were capped by an AEC -ap-
proved technique to assure a com-
pletely hermetic seal.

AUTOMATED DIODE PLANT

Ferranti Ltd., Hollinwood, Lancs., England is
turning out their ZS30 series, 500 ma. double -
ended diffusion diodes in this new plant in
Oldham, Lanc. (England). It can produce 43,-
000 diodes a week or 21/2 million a year.

Global VHF System
Shannon Airport, Ireland - Pan
American World Airways has in-
stalled the first unit of a VHF radio
communications net at Ballybunion
(about 38 miles from Shannon Air-
port). The net will eventually extend
around the world.

The Ballybunion station makes
possible radio contact by VHF up to
500 miles over the Atlantic. Other
stations are planned for Gander, New-
foundland, and in Greenland and Ice-

land. These stations will cover the
entire North Atlantic air route.

A second link, expected to be com-
pleted with the commissioning of an
extended range VHF station in Beirut,
Lebanon, will cover the Mediterra-
nean routes. The Company is conduct-
ing tests on an extended range VHF
station in San Francisco which will
service the San Francisco-Honolulu
route.

German Process Acquired
Oberkochen, West Germany - North
American rights to an electron beam
process developed by the Carl Zeiss
Foundation for machining or welding
hard materials has been acquired by
Hamilton Standard Div. of United
Aircraft Corp.

The process can cut holes finer
than a human hair, surface -treat,
melt or weld virtually every material
known to man, including tungsten.
The technique uses a controlled high
density stream of electrons to change
matter physically or chemically. There
are six elements: an electron gun for
developing the beam, a vacuum cham-
ber within which the work is done,
a high -vacuum pump capable of pump-
ing down to about four -millionths of
an inch of mercury, an electronic
control system for manipulating the
electronic deflectors and lenses, and
a high -voltage power supply.

Form New Subsidiary
Munich - The Kollsman Instrument
Corp., a subsidiary of Standard Coil
Products Co., Inc., Elmhurst and
Syosset, N. Y., has formed a new
subsidiary in West Germany. The
new company, Kollsman Luftfahrte
Instrument G. m. b. H., has produc-
tion and engineering space at the
Munich Airport in Germany.

New PC Licensee
Florence, Italy-Rogers Corp., Rogers,
Conn., has licensed Fratelli Marchi
of Florence, Italy, to produce printed
circuits by the Rogers molding proc-

ess. The Italian firm will service
customers in Italy, France, Luxem-
bourg, Belgium, West Germany, and
the Netherlands.

U.S.S.R.

Exchange Trade Fairs
Moscow-The British and Russians
have agreed to hold reciprocal trade
and industry fairs in London and
Moscow in 1961. The Soviet exhibi-
tion will be held in Earls Court, Lon-
don from July 7 to 29. The British
exhibition will be held in Sokolniki
Park, Moscow from May 19 to June
4. The Soviet exhibit will include
both capital and consumer goods and
will feature Soviet achievements in
industry, science and technology. The
British will use the Glass and Dome
pavilions erected for the American
Exhibition held last summer in Mos-
cow.

UNITED KINGDOM

British TV for China
Hayes, Middlesex-E.M.I. Electronics,
Ltd. has delivered the first British
color TV camera to China. With the
camera went control equipment and
a Rank-Cintel, large screen, color -
projector, which together form a com-
plete CCTV installation.

The camera, designed for indus-
trial, medical, and scientific applica-
tions, uses three vidicon tubes and a
new optical system to give good qual-
ity under difficult lighting conditions.
It can produce broadcast quality sim-
ultaneous color TV signals on either
405,525 or 625 line standards.

Propose Stereo System
London-G. D. Browne, of Mullard
Research Labs., has proposed a time -
multiplex system for stereophonic
transmissions of sound broadcasts.
The European Broadcasting Union is
evaluating the system.

The system is claimed to have the
advantage of enabling stereophonic
receivers to be produced which need

(Continued on page 86)

NEW TROPOSPHERIC
SCATTER SYSTEM

36

Dish -like antennas at
"over - the - horizon"
site at Florida City,
Fla., are aimed at
Nassau in the Ba-
hamas. New system
will carry 24 simul-
taneous telephone
conversations. N e w
link is joint undertak-
ing of Long Lines
Dept. of American
Telephone and Tele-
graph Co., and the
Telecom m u ni c ations
Dept. of the Ba-
hamas Government.



The DiSONtegrator System Forty ULTRASONIC CLEANER is attractively
styled, ruggedly -built, and work -tested to give a lifetime of trouble -free

service.

The DISONtegrator Features:
Simplified one knob control for easy operation. High Frequency sound

waves disintegrate harmful soils and contaminants in seconds.
Saves time and labor, boosts production rate, improves product. You

can replace hazardous chemicals with safe solvents and even water.

The DISONtegrator works FAST
In SECONDS you can disintegrate soils on: radioactive lab apparatus;

glassware; medical instruments; test tubes, syringes, hypodermic

needles; dental instruments, drills, burrs, false teeth, bridges;

fossils and fossil foraminifera; electronic components, semi -conductors,

crystals, switches, precision potentiometers; optical parts, lenses,

plastic contact lenses, eyeglasses; timing mechanisms; small gear trains;
miniature printed circuit boards; and hundreds of other items.

In seconds you can remove:
rust, oxides, shop dirt, dust, lint, preservatives, finger prints, machining chips

extrusion lubricants, paraffin, wax, paint, varnish, lacquer, plastic residue, resists,

silicones, greases, cooked food residue, blood, plaster of Paris, lapping compounds,

carbon, radioactive particles, polishing compounds, shale, diatomite, volcanic

tuffs, clay and sand, graphite, starches, cutting oils, heat treat scale, color stains,

foundry sand, abrasives, quenching oil, salts, pitch, asphalt, tar, inks, adhesives,

jewelers rouge, tripoli, resin flux, acid flux, many others.

The DiSONtegrator is VERSATILE
In addition to super speed, surgical precision cleaning it can be used to:

brighten, quench, degrease, impregnate, decontaminate, pickle, etch,

dip coat, emulsify, degas liquids, anodize, dye, mix, accelerate reactions.

Ultrasonic cleaners are widely used
in production lines, maintenance departments and laboratories. You

should have at least one DiSONtegrator if your field is Electronic,

Optical, Glass, Clinical, Biological, Textile, Oil, Food, Paper, Dental,

Plastic, Drug, Rubber, Wood, Chemical, Isotope, Geological, Agronomi-

cal, Metallurgical, Anthropological, Paleontological, Petrochemical,

Ceramics, Dairy, Brewery, Beverage, Confectionery, Laboratories, Photo-

graphic, Paint, Bottling, Cosmetic, Pharmaceutical, Metal Working, Metal
Finishing, Die -Casting, Foundry, Plating, Metal Treating, Automotive, Air-

craft, Horological, Jewelry, Medical, Marine, Mining, Utilities, Power

Plants, Instrumentation.

141 ALBERTSON AVENUE  ALBERTSON, L. I., N.Y.

Pioneer 1-4333

My name is Paul M. Platzman,
I pioneered the ultrasonic industry. Two well known ultra-
sonic companies were founded by me. Now, I have created

a new organization, Ultrasonic Industries, Inc., based on
a revolutionary approach to mass producing and selling
ultrasonic equipment. No middleman's profit in this fac-
tory - direct -to -you deal.

'Tremendous savings are passed on to you the customer bringing form-
erly high-priced ultrasonic cleaners within the range of everybody's

budget. My products stand out because of their distinctive appearance,

unbelievably low money -back -guaranteed prices-free five year serv-

ice contract, and consistent trouble free performance under the most

gruelling conditions. This is possible because my DiSONtegrator
generators and transducers incorporate the latest advances in ultra-

sonic technology.

'SON TEGRATOR®
SYSTEM FORTY

ULTRASONIC CLEANER
The lowest priced ultrasonic cleaner ever sold! Buy ONE or 100 and Save !

INTRODUCTORY OFFER
Money Refunded (less shipping charges) if not completely satisfied.

I
I
I

I
I

I
I
I
I
I

I

95
Including tank, con-
necting cable and
Instruction manual
(exrt model: 220V
- 5po0

cycles $7.50
extra)

Unit(s) $99.95 ea.: 0 Ivory 0 Wheat yellow 0 Turquoise
0 Desert sand 0 Pale green 0 Soft gray

to:

I understand that my money will be refunded if not completely
satisfied after 5 day trial.

check enclosed (freight prepaid)  C.O.D.
[I bill me (rated firms only)  Please put us on your mailing list

Imo ma ono um - - imm

5-DAY TRIAL
We will pay all shipping charges
to any point within the con-
tinental limits of the United
States (not including Alaska and
Hawaii), if you enclose check
with order.

UNPRECEDENTED FREE 5 YEAR SERVICE CONTRACT

The DiSONtegrator - System
mediate delivery in unlimited

Forty is available from stock for im-
quantities.

SPECIFICATIONS
GENERATOR INPUT: 117 V, 60 cycle-GENERATOR OUTPUT: 40 W, 90 KC
DIMENSIONS: GENERATOR: 10" L x 7" W x 53/4" H

Tank (overall): 61/4" L x 1" W x 61/2" H
Tank (inside): VA" L x 53/4" W x 4" D
Tank (capacity): 0.5 gal.

FOR THE FIRST TIME - you have a choice of 6 beautiful decorator
colors to harmonize with your office or laboratory decor: Ivory,

Wheat yellow, Turquoise, Desert sand, Pale green and Soft gray.
Please specify color when ordering.

ORDER NOW
TO: Ultrasonic Industries, Inc., Dept. 1-EI-3

141 Albertson Avenue, Albertson, L. I., N. Y. I
Gentlemen: Please ship DiSONtegrator® System Forty II

I
I
I

I
I
I
I
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solid stale, vacuum & magnetic devices

IN MULTIPOSITION SWITCHING,
COUNTING AND DISTRIBUTING

The BEAM -X. eliminates

Multicomponent sizeTHE

BEAM -X. Multicomponent weight

IS AN
vapsiaz

Multicomponent power

Multicomponent cost
ALL -ELECTRONIC

and

MULTIPOSITION
Multicomponent unreliability

SWITCH NIXIE

Circle 16 on Inquiry Card

See us at I.R.E. Booth
1211-1213-1215

A technological breakthrough in the
design of Beam Switching Tubes
eliminating external magnets
and shields has resulted in a
low cost revolutionary device.
BEAM -X* outperforms all existing solid
state, magnetic and vacuum components
for electronic switching applications.
In aircraft, missile, commercial
instrumentation, control systems
and other industrial applications,
BEAM -X  offers far superior
design flexibility and reliability
than existing conventional
components.
BEAM -X* type BX-1000 is the
first of a new family of multiposition
electronic switches.

01
WRITE TODAY FOR TECHNICAL
BROCHURE DESCRIBING THE
OPERATION AND COMPLETE
MECHANICAL AND ELECTRICAL
APPLICATION DATA OF THIS
NEW BURROUGHS
BEAM -X * SWITCH.

ANOTHER ELECTRONIC CONTRIBUTION

Burroughs Corporation
ELECTRONIC TUBE DIVISION

Plainfield Jr.rft

COUNTING  CODING DISTRIBUTING  CONVERTING  GATING  MULTIPLEXING  SWITCHING

TIMING  SAMPLING MEMORY  MATRIXING PRESETTING  DECODING DIVIDING

*TRADEMARK OF BURROUGHS CORPORATION



OFF THE SHELF
DELIVERY

delivered
in 24 hours

ULTRA MINIATURE
TRANSISTOR

Open -frame (-F)' Wt..08 oz. size 3/4" 3/4-k 11/32 -
Molded (41)* Wt. .14 oz. size " dia.

Nylon Bobbin, Nickel -All

Number
pir &a 1m edance

Part condary

UM 21* 1,000
UM 22* 1,000
UM 23* 0,000 2001 C.T.,

UM 24* tput 1,000 50
UM 25* Output 400 50
UM 26* Output 400 11
UM 27* Output 400 C.T. 11
UM 28* Choke 10 Hy. (0 dc) 8 Hy (.5 ma) 650

'Add either -F or M to designate construction. See catalog.

SILICON RECTIFIER
Power Supply

Circuitry Primary 105/115/ 125 Volts'''.
Hermetic sealed to MIL -T -27A
See Catalog for additional information.

Part
Number

M8018'
M8019'
M8020'
M8021'
M8022t
M8023t
M8024t

Secondary
A.C.

Volts

18.5 C.T.
18.5 C.T.
35 C.T.

70 C.T.

18.5 C.T.
35 C.T.

70 C.T.

Rectifier Circuit
R.M.S. C.T." F.W.**

Amperes Full Wave Bridge
1 7V. 14V.
3 7 14
3 14.5 29
1 30 60
3 7 14
3 14.5 29
1 30 60

'380-1600 Cy. "DC output volts stated are for resistive or
+50-60 Cy. inductive loads. Capacitor imput may be

used if RMS AMPS is not exceeded.

LOW LEVEL CHOPPER
Efficiently transfers 30 to 500 cps. Trans-
ducer or Thermocouple signals to instru-
ment amplifiers. Signal level range from
.50. to .5 volts. Resin impregnated to
minimize mechanical vibration noise sig-
nal. Low hum pick up assured by 3 mu -
metal and 2 copper shields.

Part
Number
M8025
M8026 1:3.2

Turns Ratio
Full Pri. 1/2 Pri.

To Full Sec. To Full Sec.
1:7.7 1:15.4

Ind. of
Full Pri.
@ .5V

60 Cycles
17.5

1: 6.4 60 H

loved. of
Full Pri.
@ .5V

60 Cycles
6,600

22 500

Part
Number
M8025 365
M8026 455

D.C. Resistance
Full
Pri. Sec.

4140

Mag.
Shield.

90 DB
3500 90 DB

light.
125/32

Wt.
OZ.

13/0D 4.5
125/32 13/0D 4.5

Dia.

MINIATURE
TRANSISTOR

Available in 8 case types.
Hermetic( -H) I sA 1," x 13/4" , Wt. 13/4 oz.
Molded (-M) 7/8" x%/4" x 1 I s/32", Wt. 13/4 oz.
Open Frame( -F) 3/4" x 1" x 13/16", Wt. 1 oz.

Part
Number

MT I* Line to Emit.
MT7* Coll. to P.P. Emit.
MT8` P.P. Coll. to P.P. Emit.
MT9* Line to P.P. Emit.
MT11* P.P. Coll. to P.P. Emit.
MTI3' P.P. Coll. to Speaker
MT14* Coll. to Speaker 2N179
MT15* P.P. Servo Output 2N57
MT18* P.P. Coll. to P.P. Emit.
MT23* P.P. Coll. to Servo

Sec.
Im .

600

1,200 C.T.
1,200 C.T.
1,200 C.T.

600 C.T.
3.4

10

210
1,200 C.T.
1,000

Add either -AG, 41, -FB, .FPB, -A, or .P to Part Number to
designate construction. See catalog for detailed information.

Application
Pri.
Imp.

600
25,000
25,000

600 C.T.
4,000 C.T.
4,000 C.T.

400
500 C.T.

25,000 C.T.
250 C.T.

p

DC -DC CONVERTER
All Items Designed for 13.6V. Except 8034 which is for

28V Input.

TYPICAL DC -DC CONVERTER

CIRCUIT

Part Total V.A. D.C. Output
Number Output F. W. Bridge I C.T. Full Wave

Volts Ma. Volts Ma.

M8034 125 500 250 250 420
M8035 125 500 250 250 420
M8036 40 450 90 225 155

, M8037 22.5 250 90 125 155

MICRO MINIATURE
TRANSISTOR

Available in 4 case types
Hermetic (-H) 15/16" x I yu,", wt. 3/4 oz.
Open Frame (-F) 7/16" X I9/32" X 3/4",
wgt..4 oz.

Part
Number Application

Pri.
Imp.

Sec.
Imp.

MMT 5' Coll. to Speaker
MMT 7' Coll. to P.P. Emit.
MMT 9' Line to P.P. Emit.

50,000 6
25,000 1,200 C.T.

600 C.T. 1,200 C.T.
MMT 10' Coll. to Emit. 25,000 600
MMT 11' P.P. Coll. to Emit or Line 4,000 C.T. 600 C.T.
MMT 12' Coll. to Speaker 2,000 3.4
MMT 16' Coll. to P.P. Emit. 10,000 1,500 C.T.
MMT 17' P.P. Coll. to P.P. Emit. 10,000 C.T. 200 C.T.
MMT 18' P.P. Coll. to P.P. Emit. 25,000 C.T. 1,200 C.T.
MMT 19* f oll. to P.P. Emit. 2,500 2,500 C.T.
'Add either .M or -H to part number to designate construction.
See catalog for detailed information

1111CHTlifill
Write TODAY lo, catalog and price list of the complete M/CROTRAN hne

company, inc.
145 E. MINEOLA AVE., VALLEY STREAM, N. V.

Tele-Tips
DRUG STORE TUBE CHECKERS
are taking a painful bite out of
the income of the radio-tv servic-
ing industry. The latest survey
shows that only 54% of set owners
are now turning to local service
shops when they have trouble.
More than 35% use drug store
tube checkers. And more than
60% of those who use store check-
ers claim they are satisfed with
the results.

SPEAKING OF "OBSOLES-
CENCE", Fermi's 200 -ton atom
smasher, originally installed at
Chicago U., is for sale. It's only
10 years old.

MORE ENGINEERS come from
the lower economic classes than
any other group of college gradu-
ates-except education majors.
Over 50% of the engineering stu-
dents who won awards in the Na-
tional Merit Scholarship Program
have fathers in the manual and
lower -middle class occupations.

MOON FLIGHTS should concen-
trate on putting a man on the
moon, and getting him back, says
Dr. Pickering of Caltech's Jet
Propulsion Lab. This step would
be most effective, he says, in the
"cold war" for men's minds. And
the "cold war" is the most impor-
tant factor in all this effort at
space travel.

ELECTRONIC POOL table was
set up by GE to demonstrate basic
analog computer techniques. The
equipment demonstrated to the
Association of the U. S. Army
how electronic equipment is used
in solving intercept problems for
the military. A portable pool ta-
ble was redesigned so that a ball
was fired down the length of the
table in variable angles. Two
photo cells relayed the time re-
quired for the ball to pass be-
tween them to the computer. The
computer then calculated the ve-
locity and position of the target
ball and determined the proper
time to automatically release and
intercept the ball. The idea was
to show how a computer can be
used in missile defense or aircraft
interception.

(Continued on page 46)
40 Circle 17 on Inquiry Card Circle 18 on Inquiry Card --)11.



Electron Tube News
...from SYLVANIA

TV PICTURE IS

"UP FRONT"

...SALES ARE,T00
...when you design around

Sylvania 23" and 19" "Bonded

Shield" TV picture tubes!
SYLVANIA pioneered the techniques that make possible
the quantity production of the new "Bonded Shield" pic-
ture tubes for TV sets. SYLVANIA led the way by making
"Bonded Shield" picture tubes available to TV set manu-
facturers in commercial quantities. SYLVANIA was first
to demonstrate how "Bonded Shield" eliminates the "pic-
ture -in -a -tunnel" effects; first to demonstrate the possi-
bilities of "broad -angle viewing" dramatically offered by

this new design.
An annealed -glass scratch -resistant cap is laminated to the
face of the tube. It completely eliminates the need for a
front -of -the -cabinet safety glass. This reduces reflections
that interfere with the brilliance and clarity of
picture. Further, it reduces basic requirements for
front -to -back dimensions of the TV cabinet, cre-
ating new possibilities for cabinet styling and
sales appeal. The laminated safety cap eliminates
the dust trap between tube face and safety glass.
Corners are squared to give larger picture areas.
Integral safety -glass and mounting lugs add up
to potential savings in costs of cabinetry. Now,
"Bonded Shield" picture tubes are also available
with non -glare coating. They offer freedom from
undesirable reflections and glare.
For technical data and further information, contact
the Sylvania Field Office nearest you.

the TV

 Reduces Dangers of

Implosion

 Minimizes Production -
Line Rejects

 Simplifies Mounting

 Reduces Reflection
up to 50%

 Squared -Corner Screen

 Offers New Cabinet
Design Flexibility

SYLVANIA 23's
-282 sq. in.
viewing area!

P.

SYLVANIA 19's
-178 sq. in.
viewing area!

"CLOVERLEAF"
Ceramic Cathode
Assembly in every
"BONDED SHIELD"
Picture Tube!

...assures fast warm-
up time throughout
tube life. Sylvania de-
veloped this unique
structure to reduce
heat conduction losses
and to give increased
durability to the cath-
ode assembly, resulting
in improvements in
tube life expectancy.
For full details on the
SYLVANIA "CLOVER-
LEAF" and its beneits,
contact the Sylvania
Field Office nearest you.



N :W -PICTURE TUBES WITH
ELECTRONIC SCAN -MAGNIFICATION!
SYLVANIA ST -2836A - now in the developmental stages-incorporates a
mesh -like diverging -lens assembly positioned in the neck of the tube.
Its function is to provide deflection of the electron beam in addition to
that accomplished by the magnetic field of the yoke assembly. The linear
magnification of scan is in the order of two times for an anode -to -mesh
voltage ratio of 2 to 1. The primary benefit of such
a technique is in the reduction of horizontal -deflec-
tion power requirements. It is anticipated that this
power requirement may be reduced in practice to
as much as 60% of that required for conventional
110° picture tubes. Engineering samples with low -
power heaters (1.5 -volts @ 140 ma., or 12.6 -volts
@ 150 ma.) and/or low Egg characteristics for a
complete low -power picture tube are also available.
For technical data and further information on
SYLVANIA experimental -design SCAN -MAGNI-
FIED PICTURE TUBES, contact the Sylvania
Field Office nearest you.

NEW -HIGH -VISIBILITY 'SCOPE TUBE
FOR AIRBORNE WEATHER RADAR!
SYLVANIA SC -2854 provides improved image brilliance under wide
ambient light conditions encountered in cockpits of commercial air-
liners. The color of the phosphor of this new tube gives exceptional
image visibility to dark -adapted as well as to light -adapted
eyes. Resolution, too, is exceptionally high. Sylvania SC -
2854 makes possible simplified equipment designs, improved
volumetric efficiency and increased life-expectancy of the
indicator tube, resulting in reduced costs of installation and
maintenance of airborne weather -radar equipment. For de-
tails on price and delivery, contact your Sylvania Field Office.

NEW-C.R.T.'S FOR HIGH -ALTITUDE
OPERATION TO 70,000 FEET!
Sylvania now makes available a group of direct -view cathode-ray tubes
designed specifically for applications in airborne ECM, Radar, and Loran
equipment intended for operation at high altitudes. All types feature
high quality, nearly flat pressed -glass faceplates. This pro-
vides exceptionally clear display and excellent bulb strength.
Connections to internal elements are made through insulated
leads, encapsulated at points of entry to the bulb. This tech-
nique significantly reduces the possibility of corona and
arc -over at high altitudes. See data below.

SYLVANIA 5CVP1, SCVP7, SCVP19 ... feature 23/4" x 43/4" direct -
view faces, magnetic deflection, electrostatic focus.

CONVENTIONAL TUBE
BEAM DEFLECTED WITHOUT LENS ACTION

SCAN
MAGNIFIER

TUBE

IMAM DEFLECTED

THE SAME

AMOUNT BY THE

YOKE, BUT ADDED

DEFLECTION DUE

TO LENS FIELD

SYLVANIA 3BEP1, 3BEP-*... feature 11/2" x 3" direct -view faces,
electrostatic focus and electrostatic deflection. (-° can be sup-
plied with several other screen phosphors.)

MAXIMUM RATINGS (Absolute Maximum Values) MAXIMUM RATINGS (Absolute Maximum Values)

Anode Voltage 4500 Volts dc
Anode Input 6 Watts
Grid No. 4 Voltage (Focusing Electrode) -500 to +1100 Volts dc
Grid No. 2 Voltage 550 Volts dc
Grid No. 1 Voltage

Negative Bias Value 165 Volts dc
Positive Bias Value 0 Volts dc
Positive Peak Value 2 Volts

Peak Heater -Cathode Voltage
Heater Negative with Respect to Cathode 180 Volts
Heater Positive with Respect to Cathode 180 Volts

Altitude 70,000 Feet
Operating Temperature Range -65 to +85°C

Anode No. 2 Voltage 3000 Volts dc
Anode No. 1 Voltage (Focusing Electrode) 1200 Volts dc
Grid No. 1 Voltage

Negative Bias Value 140 Volts dc
Positive Bias Value 0 Volts dc
Positive Peak Value 2 Volts

Peak Heater -Cathode Voltage
Heater Negative with Respect to Cathode 140 Volts
Heater Positive with Respect to Cathode 140 Volts

Altitude 70,000 Feet
Operating Temperature Range -65 to +85°C



SYLVANIA ANNOUNCES

3 NEW TUBE TYPES

WITH 9-T9 OUTLINE!
New 17HC8, 6HC8 and 7695 offer important
advantages inherent in the Sylvania unique 9-T9
design. Utilizing the straight -sided, 9-T9 bantam
outline with its miniature 9 -pin circle, these three
types afford significant opportunities for compact-
ness. The 9-T9 outline eliminates the octal base of
the T9 and makes possible the use of tube struc-
tures capable of high plate dissipation in printed -
circuit boards. This is accomplished with conven-
tional 9 -pin sockets widely used in printed circuits.
9-T9 increases volumetric efficiency of the chassis
by eliminating the octal base of the T9 outline.

9-T9 enables the use of large tube -assemblies in
those stages where higher power -dissipation capa-
bilities of the tube are a design necessity to enhance
reliability.
9-T9 maintains compactness of the equipment for-
merly afforded by tubes fitted with T6-11 header.
Sylvania 17HC8 is a triode -pentode designed for
use as a vertical deflection oscillator and vertical
deflection amplifier in 110° deflection circuits of TV
receivers. Controlled for heater warm-up time, it
is especially useful in 450mA series string opera-
tion. The pentode section has a plate dissipation
of 11 watts. Structure of the 17HC8 includes an
internal shield to reduce interaction of the ele-

ments. The 6HC8 is identical to the 17HC8 except
for heater power requirements. In addition to nor-
mal 100% tests for shorts, continuity, plate current,
gas, pentode screen current, heater cathode leak-
age, gm and triode cutoff, both types are tested
100% for peak plate and screen current, ratio of
peak plate current to screen current, and micro -

phonics.
Sylvania 7 6 9 5, beam power pentode, features
remarkably high power sensitivity as an audio fre-
quency amplifier. In Class Al operation, it can
deliver 4.5 watts of power with a B+ voltage of
only 130 volts. As a result, the 7695 makes possible
economies in power supply requirements.

SYLVANIA 7695-Characteristics and Typical Operation

Class Al Amplifier Fixed Bias Self Bias

Plate Voltage 130 Volts 140 Volts
Grid No. 2 Voltage 130 Volts 140 Volts
Grid No. 1 Voltage -11 Volts _
Cathode Resistor - 100 Ohms
Peak AF Grid No. 1 Voltage (RMS) 11 Volts 8 Volts
Zero Signal Plate Current 95 mA 100 mA

Max. Signal Plate Current 100 mA 100 mA
Zero Signal Grid No. 2 Current 5 mA 5 mA
Max. Signal Grid No. 2 Current 13 mA 14 mA

Transconductance 11,000 /mhos 11,400 µmhos
Plate Resistance (approx.) 6,900 Ohms 6,800 Ohms

Load Resistance 1,100 Ohms 1,100 Ohms
Max. Signal Power Output 4.5 4.5
Total Harmonic Distortion (approx.) 11 Percent 11 Percent



NEW HI-FI TYPE

SYLVANIA 7687
CONTROLLED FOR LOW HUM

The new 7687 is a 9 -pin miniature triode -pentode con-
trolled for hum, noise and microphonics. It's a hard
worker in tone -control amplifiers, phase splitter and
high -gain voltage amplifier circuits, yet it does its job
without even "breathing audibly." Sylvania 7687 struc-
ture is rigidly mounted to reduce noise and microphonic
effects. It features a cooler -operating cathode to assure
low hum. Further assurance of low hum is provided by
the use of a coil heater made of specially developed
materials. The triode section has an equivalent hum and
noise level of 7.5 microvolts, the pentode only 10.5 micro-
volts. Investigate the possibilities of a cooler -operating
tube with unusually low hum and long life expectancy
for your compact high-fidelity design. The Sylvania
7687 merits your interest.

SYLVANIA "GLEAM"

PROJECT COMBATS

TUBE CONTAMINANTS,

INCREASES TUBE

RELIABILITY

Project "Gleam" further increases
Sylvania tube reliability by eliminating
lint and dust particles in factory opera-
tions. Fifteen years ago, Sylvania took
its first air -purification measures to
reduce contaminants that can result in
early -hour tube failure. "Gleam" has
gained impetus until it now includes the
use of air conditioning in factories, lint -
free clothing, individual hooded work-
tables, enclosed cloakrooms, methanol
welding to eliminate splash particles,
lint -free parts -containers, and specially
processed getter material which resists
flaking and spattering. Like many tech-
nological advancements, the "Gleam"
Project will never be wholly complete.
It is constantly undergoing change and
improvement to maintain the Sylvania
name for unsurpassed quality.

Electronic Tubes
Division. Sylvania

Electric Products Inc.,
1740 Broadway. New York 19,

New York.

SYLVANIA
Subsidiary of GENERAL TELEPHONE &ELECTRONICSIa;"



NEW'... FROM CONTINENTAL CONNECTOR

INSULATING
COMPOUND

INSULATING
VINYL SLEEVE

.,
APO.

OM.

REINFORCING
\STAINLESS STEEL CHANNELS

ACTUAL SIZE

152 CONTACT
CENTER SCREWLOCK CONNECTOR

CLOSED

ENTRY CONTACTS

MINIATURE POWER CONNECTORS FOR HEAVY DUTY
APPLICATIONS-Again Continental Connector meets the
challenge for reliability and high precision in critical elec-
tronic equipment with these new center screwlock plug and
socket connectors. They are designed for heavy duty ap-
plications requiring high dielectric and mechanical strength,
partially achieved by the use of a body material molded
from glass filled Diallyl Phthalate (MIL -M-19833, Type
GDI-30). The double lead thread action center screwlock
and stainless steel channels are extra features that con-
tribute to the rugged construction and performance -proven
reliability.

Positive polarization is assured with reversed male and
female guide pins and guide sockets. In addition to the
wire wrap termination illustrated, solderless taper pin or
solder cup terminals can also be supplied. Note: these
connectors are also available in sizes of 104, 78 or 34
contacts.

WITH PROVEN RELIABILITY

ILLUSTRATION SHOWS WIRE WRAP TERMINALS

WITH ONE, TWO AND THREE WIRE CONNECTIONS

ENLARGED VIEW

CLOSED ENTRY CONTACT

CLOSED ENTRY CONTACTS provide increased reliability
and maintain a loNiv millivolt drop under constant and
uniform insertion pressure.

For complete specifications on Continental Connector's
new Series 1900, write to the Electronic Sales Division,
DeJUR-AMSCO CORPORATION, 45-01 NORTHERN
BOULEVARD, Long Island City 1, N. Y. (Exclusive
Sales Agents)

,"!11114101111%

C ON 'FT NE 144 1.4

C °NNE C74DR'S

141111,401041110

MANUFACTURED BY CONTINENTAL CONNECTOR CORPORATION, AMERICA'S FASTEST GROWING LINE OF PRECISION CONNECTORS
"Wire-Wrap"-registered trademark of Gardner -Denver Company

SEE US AT THE IRE SHOW BOOTHS 2307-2309
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NEW

Upgraded Ground Equipment Connectors.

AMPHENOL'S new family of Q connectors are designed
for ground equipment use under extreme environ-
mental conditions of rain, mud, ice and snow. In such
features as submersion -proofing, temperature cycling
(-55°C to +85°C) and resistance to moisture, corro-
sion, shock and vibration AMPHENOL Q's represent the
optimum connector for field use, including missile
ground support equipment.

Q connectors are available as straight and right angle
plugs, panel receptacles (with "0" ring seal) and cable
receptacles in 8 insert arrangements in 6 sizes. Efficient,
low -force requirenient knife blade contacts are silver
plated, shells are O.D. finished aluminum. Sandwich -
type sealed inserts are Orlon -filled diallyl phthalate.

The new Q connectors join AMFHENOL'S complete line
of ground equipment connectors -89 series "GSE" and
164 series Signal Corps power and audio types. Com-
plete catalog information on Q, 89 and
nectars is available for your -(,'

AMPHENOL CONNECTOR DIVISION
1830 S. 54TH AVE., CHICAGO: 50.50. 1LLINOI '

Amphenot-Borg Electronics Corporatio

Tele-Tips
(Continued from page 40)

JAPANESE ENGINEERS indig-
nantly denied reports that their
new 1,091 -ft. TV tower was lean-
ing toward the south. But a num-
ber of cameramen who snapped
the 10 -month old structure just as
adamantly claimed that their pic-
tures show it definitely leaning tc
one side. The chief engineer on
the tower insists that it is an opti-
cal illusion, but promised to drop
a plumb just to make sure.

A UNIQUE SCALE was demon-
strated at the international indus-
trial exposition in Brno, Czecho-
slovakia. It weighs minute por-
tions of substances, reportedly
with an accuracy of 1 and 10-6
gms.

"JUKE BOXES" are being de-
signed at Univ. of Michigan that
will help students learn French,
Spanish and other modern lan-
guages. By simply dialing a tele-
phone -like device the student will
pick out any one of a wide variety
of foreign language recordings.
A first year French course, for
instance, contains more than 800
different short lessons. Any one
can be dialed by the student at
any time.

NEW STANDARDS have been es-
tablished by NBS for measuring
the candlepower of electric lamps.
They consist of 100-, 300-, and
500 -watt lamps with inside -frosted
T-20 bulbs, C-13 monoplane fila-
ments and medium-bipost bases.

A RADIO TELESCOPE with an
antenna from 1,000 to 2,000 ft. in
diameter is something that as-
tronomers must have in the next
few years, says Prof. Harold Wea-
ver, of the Univ. of California at
Berkely.

PROJECT VANGUARD is getting
some belated recognition. Three
Vanguard satellites are now out
in space. Vanguard I is expected
to remain in orbit about 2,000
years. Vanguard II's predicted
life span is 200 years, while Van-
guard III should be in orbit at
least three decades.
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NOW! 3-D PROGRAMED CIRCUITS!
with "Put 'N Take" servicing of individual functions
Here's a major new concept in interconnecting circuitry that offers the most advanced approach
to reliability and maintainability-the AMP MECA (Maintainable Electronic Component
Assembly). With MECA, you simply encapsulate your components in replaceable AMP -CELLS
which are then plugged into AMP's 3-D Circuit Boards. Result: Instant servicing by substitution
and throwaway.

The AMP -CELLS can grow or shrink in 3 dimensions on the 0.1 or 0.2 grid system. Hand, semi,
or completely automatic tape programming produces these simple 3-D circuits. The AMP-CELL
contacts do not protrude, cannot be damaged by abusive handling. All AMP -CELLS are wholly
contained within the 3-D Circuits-totally secured to resist vibration and physical damage.

Visit us at the IRE Show

March 21-24, 1960

Booths 2527-2531

For a complete description of this important new product, send for our MECA brochure.

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

ELECTRONIC INDUSTRIES March 1960 Circle 22 on Inquiry Card 47



Micropot Potentiometers

ake full advantage of the in -line digital
presentation available with Borg Direct -Reading Microdials. Indexed
accuracy is one part in a thousand. Microdials are designed to minimize
human reading errors under forced fast reading conditions. Extremely
rugged, Microdials meet military specifications. Large numerals are in
direct contrast to their backgrounds. Curved, one-piece windows permit
wide-angle viewing. Compact size requires minimum
space. Available in three, four and five digit models.
Finger-tip brake optional. Contact your nearest
Borg distributor or technical representative,
or write us for full information.

ASK FOR DATA SHEETS BED -A135 & BED -A/36

BORG EQUIPMENT DIVISION
Amphenol-Borg Electronics Corporation

Janesville, Wisconsin

Turns-Ccunting Microdials Sub -Fractional Horsepower Motors Frequency and Time Standards
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BENDIX CAPACITORS COVER A FULL TEMPERATURE SPECTRUM

ALL FEATURE THESE IMPORTANT ADVANTAGES:

Environmental resistance Wide voltage range
No voltage derating Solid impregnants

Under 125°C.- Specials
 Size and weight reductions at high
voltages  Drift -.25% capacitance
change typical from -55°C. to
+125°C. High I. R.-1500
megohm X microfarads typical at
125°C. Solid impregnants-no
liquid leakage.

125°C. to 200°C.-Available soon
 .001 to 6.0 mfd., 200 V to 3 KV,
specials to 10 KV.  Molded and
metal housed; tubular and rectangu-

High I. R. Radiation resistant
Wound mica papers Exceptional stability

lar  Size and weight reduction-
over plastic film and stacked mica
types, particularly at high voltages

Drift -1% capacitance change
typical from -55°C. to +200°C.
 High I. R.-50 megohm X micro -
farads typical at 200°C. Proved
in 4 years' usage.

200°C. to 315°C.-In production
 .05 to 4.0 uf, 600 V and up  Drift -
3% capacitance change typical from

For full details, write:

Scintilla Division
Sidney, New York

-55'C. to +315°C.  High I. R.-
10 megohm X microfarads typical
at 315°C. Nothing smaller at
315°C.

315°C. to 400°C.-In development
 .001 to 6.0 uf, 150 V and 600 V
 Drift -5% capacitance change
typical from -55°C. to +426°C.
 High I. R.-1 megohm X micro -
farad typical at 400°C.  Prototype
availability  Only inorganic
materials used.

AVIATION CORPORATION
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HE X-RAYS
WOOD...
to help make

telephone poles

last longer

Chemist Jack Wright developed the use of this X-ray fluorescence
machine for testing the concentration of preservatives in wood. Here
he bombards a boring from a test telephone pole with X-rays.

This Bell Labs chemist is using a fast, new technique
for measuring the concentration of fungus -killing preserva-
tive in telephone

A boring from a test pole is bombarded with X-rays.
The preservative -pentachlorophenol-converts some of
the incoming X-rays to new ones of different and charac-
teristic wave length. These new rays are isolated and sent
into a radiation counter which registers their intensity. The
intensity in turn reveals the concentration of preservative.

Bell Laboratories chemists must test thousands of wood
specimens annually in their research to make telephone
poles last longer. Seeking a faster test, they explored the
possibility of X-ray fluorescence-a technique developed
originally for metallurgy. For the first time, this technique
was applied to wood. Result: A wood specimen check in
just two minutes-at least 15 times faster than before possi-
ble with the conventional microchemical analysis.

Bell Labs scientists must remain alert to all ways of
improving telephone service. They must create radically
new technology or improve what already exists. Here, they
devised a way to speed research in one of telephony's oldest
and most important arts-that of wood preservation.

Nature still grows the best telephone poles. There are over 21 million
wooden poles in the Bell System. They require no painting, scraping or
cleaning; can be nailed, drilled, cut, sawed and climbed like no other
material. Scientific wood preservation cuts telephone costs, conserves
valuable timber acres.

BELL TELEPHONE LABORATORIES
Worid Center of Communications Research and Development
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temperatures go down
and down

Here's how the pit m is met by

KEYSTONE THERM ISTORS

Just as surely as missiles are going higher and higher, the
demand is for Thermistors to operate Et lower and lower
temperatures. Sooner or later, such demands are being
met by the research people at Keystone.

Ten years ago the low temperature range for Thermistors
was approximately -50°C. Then a new area of interest was
born-still lower temperature operation. By 1955 we had
developed units that were useful down to -183°C. Today
we are delivering units for applications operating at -260°C
(below liquid hydrogen) for use in space as liquid level
indicators or as flow control mechanisms. Our Thermistors
are also working in gas liquefaction apparatus with
fluorine, argon, oxygen, etc. and in the petrochemical
industry with methane. New missiles, new products, and
the whole new field of Cryotronics challenge us to even
lower temperature response. Degree by degree we make
progress toward lower temperatures and maximum
reliability within the precision tolerances and wide selection
of temperature coefficients in which we work.

There may be a low temperature indication or control
problem in your present product, or, more likely, in a
product you're thinking about for the future. Here at
Keystone we're working on both today's and tomorrow's
problems and we would like to hear about yours.
Glad to have you call us, anytime.

Centigrade

-50

- 188

-196

Keystone tors,

Liquid Methan:

Liquid Oxygen
Keystone ThermisIors, 1955

L quid Ft ,it. ine

Lquid
Keystone 1956

-253 Liquid Hydrocen
Keystone The-mistors, 1958

-260 Keystone Thcrmistors, 1959

-269 Liquid Helium

CARBON COMPANY
Thermistor Division St. Marys, Pa.
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Type 3173
7/8" dia. rotary

Type 2064
dual -element
rectangular
rectilinear

Type 3033
1V,6" dia. rotary

When the ultimate in quality and reliability is required ... when
there is no time for standby or interruptions . .. no room for com-
ponent value variations . . . no tolerance of failure-then it's high
time to specify MARKITE precision potentiometers. Here are only
a few reasons why they provide performance beyond the expected:

 Linear stability for more than 50 million cycles  Substantially infiniteresolution  Independent linearity to 0.05% in 15/(i dia. units and 0.01%
in 5- dia. units  Operation in ambient temperatures up to 200° C
 Shock and acceleration resistance in excess of 100g  Rotational
speeds up to 1,000 rpm  Meet Military Specifications

Write for Design Data and Catalog for Rotary
and Rectilinear Potentiometers.

MAR rM°1E
CORPORATION

155 Waverly Place New York 14, N. Y.

Letters
to the Editor

"Strain Calibrator"
Editor, ELECTRONIC INDUSTRIES:

We have noted with considerable
interest an article entitled "A Dy-
namic Strain Calibrator" in the issue
for December, 1959.

We would like to point out that th-
Instruments Division of The Budd
Company has been marketing TP tn a 11
MetalFilm strain gages for about two
years. These bonded resistance g-o-s,
manufactured from extremely thin
special alloy foils, have received wide
acceptance in the most critical appli-
cations. We are enclosing a recent
catalog which describes about 125
gage types in one particular series.
At the present time, our complete
gage line consists of almost 300 types.

The foil strain gage is described in
the article as a recent British devel-
opment. While the British were
among the first to experiment with
this form of resistance gage, the
United States is responsible for its
present advanced state of develop-
ment. The MetalFilm gage is now
being distributed in Europe as well as
the U. S., and will shortly be avail-
able in England.

J. E. Starr
Product Manager

Instruments Division of the Budd Co.
P. 0. Box 245,
Phoenixville, Pa.

"Thanks . . ."
Editor, ELECTRONIC INDUSTRIES:

Enclosed is a U.S. Postal Money
Order for $1.00 for a copy of "THE
ELECTROMAGNETIC SPECTRUM
-1960" which is desired for this of-
fice.

Also request that this office be fur-
nished with the following copies of
articles from back issues of ELEC-
TRONIC INDUSTRIES.

(Writer lists 35 articles.)
Any consideration that you may

show me in this matter will be ex-
tremely appreciated. It is only
through your magazine that we are
able to obtain writings of such high
value to us which enables up to keep
up to date within the electronics field
in practical usage.

Gerald P. Germaine,
Technical Advisor,
Chief, Munich Office

U. S. Army Technical Information
Office

Munich Field Office,
A.P.O. 407, New York

(More "Letters" on page 54)
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Beckman
Bole*

FREJUENCY METER

Measure 10cps to 110Mc with one compact meter

Comprehensive range for only $1895. Never before has so
broad a range been offered for so low a price -a combination made

possible by closely integrating a simple heterodyne converter with a

top - notch 10Mc counter. Frequencies up to 10Mc are measured by

direct counting. To measure frequencies above 10Mc, the operator

simply rotates reference frequency selector until panel meter shows

strong deflection, then reads counter indication. Measurements take

less than a minute to make. Accuracy far exceeds FCC requirements

over communications range. Possible error is .00004% or less from

1Mc to 110Mc.

Write for technical bulletin on Model 7175.

.s:kury

YEARS 4?

<9,15-196'

Beckman

Frequency measuring range
10cps to 110Mc
Sensitivity
100mv rms into 1M ohms

up to 10Mc
100mv rms into 100 ohms

up to 110Mc
Accuracy
Oscillator accuracy ± lcps
Oscillator stability
3 parts in 107 per week
Recording facility
Rear jack carries code signals

to actuate Beckman printer
Dimensions:
83/4" x 19" panel, 17" deep
Weight
Ready for rack: approx. 47 lbs.
In cabinet: approx. 60 lbs.
Price $1895

Berkeley Division
Richmond, Calif ornia
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CABLE-bility!

TEFLON

largest selection, standards & specials
AMPHENOL pioneered Teflon extrusion; we re-
searched, developed and perfected a technique
of fabrication resulting -in the finest Teflon di-
electric cables available, cables capable of meet-
ing the most exacting requirements of industry
and the military.

Today, AMPHENOL Cable & Wire Division's
Cable-bilities provide you with the largest selec-
tion of RG-/U and special Teflon cables any-
where. Whatever your Teflon requirement,
AMPHENOL is your best source for (1) availabil-
ity, (2) fastest delivery and (3) reliability, based
upon pioneering and experience.

AMPHENOL Cable & Wire Division's leader-
ship in Teflon cables is another example of
Cable-bility at work!

WHEW
CABLE & WIRE DIVISION

SHED. TM DUPONT

S. HARLEM AVE. AT 63RD ST., CHICAGO 38
Am phenol -Borg Electronics Corporation

Letters
to the Editor

"DC Restoration"
January 20, 1960

Editor, ELECTRONIC INDUSTRIES:

The article "The Case for D. C.
Restoration" in the January issue is
an excellent presentation of a little
understood problem in TV transmis-
sion.

There is one slight error in the
diagram: Figure 3 should be Figure
9 and vice versa.

Richard W. Crane,
Quality Control Operations
Engineer

CBS Television Network,
485 Madison Ave.,
New York 22, N. Y.
Ed: Thanks for the bouquet, and forpointing out the error. And thanks, too,
to the many, many other readers who also
wrote in to point out the mistake.

"Pinpoint" Trademark
Editor, ELECTRONIC INDUSTRIES:

We note in your December, 1959
issue, page 5 of ELECTRONIC INDUS-
TRIES, a reference to a device "Pin-
point Pathfinder."

Please be advised that the term
"PINPOINT" is a registered trade-
mark of Goodyear Aircraft Corpora-
tion (registration No. 688,274), for
"Automatic Guiding Systems for
Aerial Vehicles and Parts Thereof."

We would appreciate the exercise
of care on your part in not misusing
our trademark.

J. G. Pere,
Patent Attorney

Goodyear Aircraft Corp.,
Akron 15, Ohio
Ed : Our sincere apologies !

"Coming Events Calendar"
Editor, ELECTRONIC INDUSTRIES:

The "1960 Coming Events Calen-
dar" on pages 149-164 of the Decem-
ber issue of ELECTRONIC INDUSTRIES
is an extremely handy and useful
compilation. Various persons at
ITTL will find it useful for planning
our company's participation in these
events.

On page 163 you make an offer to
supply reprints. Could we have some
-perhaps as many as one or two
dozen? We would gladly pay any
cost involved.

Robert I. Colin,
Administrative Assistant to
the Vice -President

ITT Laboratories,
500 Washington Ave.,
Nutley 10, N. J.
Ed: We are happy to supply reprints of
the "1960 Coming Events Calendar" in
limited amounts.

54 Circle 29 on Inquiry Card ELECTRONIC INDUSTRIES March 1960



WORKING
PARTNERS
RCA 501 SOUNDCRAFT INSTRUMENTATION TAPES

Big business depends more and
more upon electronic data processing. For
many corporations, the heart of their data reduction and stor-
age operation will be the new RCA 501 Computer System.
The crucial testing period of this new computer called for
the most reliable of instrumentation tapes . . . Soundcraft.
And, Soundcraft Tape proved to be the perfect working
partner-not only in the testing, but afterward, in continu-
ous working use.
In short, experience has proven that Soundcraft works best
on leading computer systems, like the RCA 501. Let preci-
sion -made, trouble -free, error -free Soundcraft Instrumenta-
tion Tapes go to work for you. Complete literature on request.

REEVES SOUNDCRAFTcon
ELECTRONIC INDUSTRIES March 1960

Great Pasture Rd., Danbury, Conn.  Chicago: 28 E. Jackson Blvd.

Los Angeles: 342 N. LaBrea  Toronto: 700 Weston Rd.

Circle 30 on Inquiry Card 55



Waters
new
pots

conquer
space

Two new I/2" Waters pots conquer a space problem for many a
harassed space age engineer. Both require up to 25% less space
behind the panel than pots having identical specifications. Available
with terminals (shown), wire leads or printed circuit pins. Case lengths
are only N". The new APS I/2 is designed for bushing -type mounting.
The WPS 1/2, designed for servo mounting, is the smallest potentiometer
available for general use in rugged servo applications. Both are capable
of dissipating 2 watts continuously! Reliability test reports available.
Write for Bulletin APS-160.

POTENTIOMETERS SLOG TUNED COIL FORMS OF COILS CHOKES POT HOOK ® PANEL MOUNTS TORQUE WATCH* GAUGES C'TROL METER/CONTROLLER INSTRUMENTS
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From ruby rings
to rocket parts , 
CIRCO ultrasonic cleaning units
achieve precision cleaning

I I I in seconds!
Whenever absolute product cleanliness
is a critical factor . . . whenever clean-
ing is a production bottleneck . . .

CIRCO ultrasonics offer you the widest
range of precision engineered ultrasonic
cleaning units available anywhere.
CIRCO ultrasonics blast dirt loose, yet
never harm your products . . . ideal
for removing solder flux, fingerprints,
lint, waxes, polishing compounds and

other contaminants. Ultrasonic cleaning
reduces solution consumption and elim-
inates laborious hand operations.

Whether you need a bench model or a
huge custom -designed conveyerized sys-
tem, CIRCO engineers can recommend
the specific CIRCOSONIC unit to solve
your problem. Write for your free copy
of "Tips on Ultrasonic Cleaning".

CiRCO Specialists in Ultrasonic Energy

e3g sp o Ndc CORPORATION
51 Terminal Ave., Clark, New Jersey  FUlton 8-8600
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CLEVITE ligp®O@T
News and Technical Data on Piezoelectric and Magnetic Components

TRANSFILTERSt AID SELECTIVITY

IN HEATHKIT "MOHICAN"

Heathkit's new "Mohican" portable
communications receiver uses Clevite
"Transfilters" to improve i.f. selectivity.
The radio covers 550KC to 30 mc-
quite a range for an all -transistor unit.

Two "Transfilter" interstage couplers
(T0 -01A) pass 455KC and couple the
1st and 2nd and 2nd and 3rd i.f. stages.
Two emitter bypass "Transfilters"
(TF-01A) are used instead of conven-
tional capacitors. The TO-TF combi-
nations help give the "Mohican"
excellent selectivity among remote sta-
tions broadcasting over the wide band
covered.

"Mohican" Printed Circuit Chassis

Heathkit') "Mohican"

Clevite "Transfilters" have pared up
to 50 cents in parts cost from transistor
receivers. They are small, rugged units
with real performance advantages over
conventional LC components. Clevite's
factory or field sales engineers can fill
you in on specifications and circuit
application data. The TF-01A and TO -
01A are standard items, and sell for 30
and 35 cents in 10,000 lots. Samples are
one dollar. You can buy a "Mohican"
Kit from Heath Co. for $99.95 or from
its distributors at a slightly higher price.

Transducer Element is
In ultrasonics or sonar nothing helps
like starting with the right transducer
element. Should it be crystal or ceramic?
Do you require a high ac drive element
(like "PZT-4") or a highly sensitive
pickup device (such as ADP)? Do you
want a disc or tube? Will special elec-
trodes simplify your device?

Start asking yourself these questions

Critical in Ultrasonics
while your transducer design is on
paper. Then ask Clevite to supply you
some experimental transducer elements
and engineering data. Our engineers
may not have all the answers, but some
that they have you can't get anywhere
else. Send today for the bible of the
ultrasonic industry-"Piezotronic Tech-
nical Data" and our new bulletin
"Modern Ceramic Shapes".

VISIT BOOTH 2622, IRE, MARCH 21-24, N. Y. C.

Clevite Products Include Magnetic Heads  Ceramic Filters  "Transfilters"
Piezoelectric Tranducer Elements  Accelerometers

2WATATICCA

CLEVITE ELECTRONIC COMPONENTS
division of

3405 Perkins Avenue - Cleveland 14, Ohio

East Orange, N. J.  Chicago, Ill.  Inglewood, Calif. CLEVITE

Books
Progress in Dielectrics, Vol. I.
Edited by J. B. Birks and J. R. Schulman. Pub-lished 1959 by John Wiley & Sons, Inc., 440Fourth Ave., New York 16. 312 pages. Price

$11.00.

The aim of this series is to provide
a common meeting point for all in-
terested in dielectrics, to coordinate
our current knowledge in dielectric
phenomena, materials, and techniques,
and to review recent progress in dif-
ferent aspects of this subject.

In the first four articles in this
volume, the emphasis is on dielectric
breakdown on the insulating prop-
erties of solid, liquid, and gaseous di-
electrics. A comprehensive review of
several mechanisms of dielectric
breakdown in solid insulation is in-
cluded, and the important practical
question of insulation testing pro-
cedures is discussed. The intriguing
and complex directional breakdown
effects that occur in single crystals
are described.

The book also considers the electric
strength, breakdown time-lag, and
high -field conductivity of dielectric
liquids, with emphasis on recent sys-
tematic studies on pure hydrocarbons.
The practical aspects of the use of
gaseous insulation, with particular
reference to the electronegative gases,
are also reviewed.

Ferroelectricity is a type of dielec-
tric behavior of particular scientific
interest. The ferroelectric properties
of barium-titanate crystals are classi-
fied, and the substantial progress that
has been made towards a unified
thermodynamic theory is described.

Introduction to Matrix Analysis
By Richard Bellman. Published 1960 by McGraw-

Hill Book Co., Inc., 330 W. 42nd St., New York36. 331 pages. Price $10.00.

Three basic fields in the analysis
of matrices are clearly covered in
this book-symmetric matrices and
quadratic forms, matrices and dif-
ferential equations, and positive
matrices and their use in probability
theory and mathematical economics.
Also presented is part of the theoreti-
cal treatment of the use of matrices
in the computational solution of ordi-nary and partial differential equa-
tions by means of digital computers.

Each section includes discussions
of the mathematical, physical, and
economic backgrounds of the matrix
theory introduced. Important chap-
ters are included on dynamic pro-
gramming and stochastic matrices. A
large number of references to original
papers containing further results are
also given.

Emphasizing the parts of matrix
theory that occur in analysis applica-
tion, the contents of this book are
specifically slanted toward the needs
of analysts, statisticians, mathema-
ticians, mathematical physicists, en-
gineers, and mathematical economists.
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Originality in design concepts ...
your job ... and (en WYS

Economical
Versatile
Reliable...

Y.5932

MODEL 5
RADIOHM°

1/4 WATT
MULTIPLE MINIATURE
VARIABLE RESISTOR
(Component Density: 16.2 per cu. in.)

The Model 5 is a new proven design concept, not merely
an improvement of an existing component. This is typical

of CENTRALAB'S approach to product design. It is avail-
able with up to 4 variable and 9 fixed resistors on a single
steatite plate measuring 2k" x x 1)2", including

knobs . . . proportionally smaller when fewer variable
resistors are required. This remarkable increase in com-
ponent density is another CENTRALAB "first," setting the
example for the electronics industry.

A WIDE RANGE OF MOUNTING STYLES AND TYPES

Model 5 Radiohms® are available with horizontal or
vertical mounting brackets, plug-in terminals for printed
circuit boards or wire leads for metal chassis.

SPECIFICATIONS

Resistance Range: 1000 ohms to 5 megohms, linear taper

Wattage Rating: 14 watt at 70°C. ambient

Breakdown Voltage: 1250 volts RMS, between adjacent
sections and to bracket

End Resistance: Less than 1% of total

Initial Torque: 2 inch ounces average

Complete specifications and design data are given in
CENTRALAB Bulletin EP -539; write for your copy today.

* Cubic inch, rather than cubic foot, is used
to provide a more realistic and more readily
visualized standard of comparision.

. Electronics Division of Globe -Union Inc.

938C EAST KEEFE AVE.  MILWAUKEE 1, WIS.

In Canada: Ajax, Ontario

VARIABLE RESISTORS  ELECTRONIC SWITCHES  PACKAGED ELECTRONIC CIRCUITS  CERAMIC CAPACITORS  ENGINEERED CERAMICS
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FREQUENCY STANDARDS

*31/2" high
400 - 1000 cy.

PRECISION FORK UNIT
TYPE 50

Size 1" dia. x 33/4" H.* Wght., 4 oz.
Frequencies: 240 to 1000 cycles
Accuracies:-

Type 50 (±.02% at -65° to 85°C)
Type R50 (±.002% at 15° to 35°C)

Double triode and 5 pigtail parts required
Input, Tube heater voltage and B voltage
Output, approx. 5V into 200,000 ohms

*3 1/2-" high
400 to 500 cy.

optional

PRECISION FORK UNIT
TYPE 2003

Size 11/2" dia. x 41/2" H.* Wght. 8 oz.
Frequencies: 200 to 4000 cycles
Accuracies:-

Type 2003 (±.02% at -65° to 85°C)
Type R2003 (±.002% at 15° to 35°C)
Type W2003 (±.005% at -65° to 85°C)

Double triode and 5 pigtail parts required
Input and output same as Type 50, above

FREQUENCY STANDARD
TYPE 2007-6

TRANSISTORIZED, Silicon Tyl-i'd\
Size 11/2" dia. x 314" H. Wght. 7 ozs.

Frequencies: 400-500 or 1000 cycles
Accuracies:

2007-6 (± .02% at -50° to +85°C)
R2007-6 (±.002% at +15° to +35°C)

W2007-6 (±.005% at -65° to +125°C)
Input: 10 to 30 Volts, D. C., at 6 ma.
Output: Multitap, 75 to 100,000 ohms

FREQUENCY STANDARD
TYPE' 2001-2

Size 33/4" x 4%" x 6" H., Wght. 26 oz.,

Frequencies: 200 to 3000 cycles
Accuracy: ±.001% at 20° to 30°C

Output: 5V. at 250,000 ohms
Input: Heater voltage, 6.3 - 12 - 28

B voltage, 100 to 300 V., at 5 to 10 ma.

ACCESSORY UNITS
for TYPE 2001-2

L -For low frequencies
multi -vibrator type, 40-200 cy.

D-For low frequencies
counter type, 40-200 cy.

H-For high freqs, up to 20 KC.
M-Power Amplifier, 2W output.
P -Power supply.

FREQUENCY STANDARD
TYPE 50L

Size 33/4" x 4'/2" x 51/2" High
Weight, 2 lbs.

Frequencies: 50, 60, 75 or 100 cycles
Accuracies:-

Type 50L (±.02% at -65° to 85°C)
Type R5OL (±.002% at 15° to 35°C)

Output, 3V into 200,000 ohms
Input, 150 to 300V, B (6V at .6 amps.)

FREQUENCY STANDARD
TYPE 2005

Size, 8" x 8" x 714" High
Weight, 14 lbs.

Frequencies: 50 to 400 cycles
(Specify)

Accuracy: ±.001% from 20° to 30°C
Output, 10 Watts at 115 Volts
Input, 115V. (50 to 400 cycles)

FREQUENCY
STANDARD
TYPE 2121A

Size
83/4"x 19" panel
Weight, 25 lbs.

Output: 115V
60 cycles, 10 Watt
Accuracy:
±.001% from 20° to 30°C
Input, 115V (50 to 400 cycles)

FREQUENCY
STANDARD
TYPE 2111C

Size, with cover
10" x 17" x 9" H.
Panel model

10" x 19" x 83/4" H.
Weight, 25 lbs.

Frequencies: 50 to 1000 cycles
Accuracy: (±.002% at 15° to 35°C)
Output: 115V, 75W. Input: 115V, 50 to 75 cycles.

This organization makes frequency standards\,,
within a range of 30 to 30,000 cycles. They are
used extensively by aviation, industry, govern.
ment departments, armed forces-where maxi.
mum accuracy and durability are required.

WHEN REQUESTING INFORMATION
PLEASE SPECIFY TYPE NUMBER

American Time Products, inc,
Telephone: Maze 7.1430

112Litc14
Master

Timing Systems 580 FIfth Ave., New York 36, N. Y.
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A most important development in the instrumentation recorder/reproducer field will be unveiled

by Mincom at the IRE Show in New York. It's an all -new system, the Mincom Model CM -100.

Be there to see it. Wrapped up in one compact rack, CM -100 is a highly versatile all-purpose work-

horse, capable of handling practically every instrumentation job (For example: 500 kc at 60 ips,

24 minutes playing time). Built to Mincom's high reliability standards, it's the year's biggest

news in magnetic tape recorder/reproducers. See it at Booth 3923.

4,-

. WHERE RESEARCH IS THE KEY TO TOMORROW

NIINCOM DIVISION MINNESOTA MINING AND MANUFACTURING COMPANY

2049 SOUTH BARRINGTON AVENUE  LOS ANGELES 25, CALIFORNIA
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Books

Millimicrosecond Pulse Techniques,
2nd Rev. Ed.
By I. A. D. Lewis and F. H. Wells. Published

1959 by Pergamon Press, Inc., 122 E. 55th St.,
New York 22. 417 pages. Price $8.50.

This work describes developments
in the theory and design of electronic
circuits and devices for operation in
the range of time intervals which lie
between the province of microsecond
pulse circuits and the realm of micro-
wave devices.

A brief theoretical introduction is
included for the benefit of the non-
electronic physicists and to clarify
terminology. The bulk of the work is
devoted to a consideration of basic
circuit elements and pieces of equip-
ment of universal application. Details
of specific applications-mostly in the
field of nuclear physics instrumenta-
tion-fill the last two chapters. A
short bibliography and a comprehen-
sive list of references complete the
volume.

This book will be of use to the
physicist who, with perhaps little ex-
perience in the electronic art, wishes
to call the new techniques to his aid.
For the electronic engineer, the vol-
ume aims at the collation of relevant
material taken from known fields of
electronic engineering, together with
an account of special developments in
the millimicrosecond range.

Industrial Electronics and Control,
2nd Ed.
By R. G. Kloeffler. Published 1960 by John Wiley

& Sors, Inc., 440 Fourth Ave., New York 16.
540 pages. Price $10.00.

This book represents a modern ap-
proach to industrial electronics. Re-
vised to include the latest informa-
tion, it will be of interest not only
to the electrical engineer, but to the
mechanical and chemical engineer as
well. In fact, anyone concerned with
electronics and its commercial appli-
cations will find this book practical,
thorough, and understandable, even if
his technical background includes only
physics.

This 2nd edition differs from its
predecessor and from all previous
texts in that it approaches the elec-
tronic theory of rectification, amplifi-
cation, and oscillation through solid-
state theory rather than by way of
the vacuum and gaseous tubes. In
addition, the author examines such
recent developments as solid-state
thyratrons, cryotrons, and cold cath-
ode vacuum tubes.

Two new chapters on semiconduc-
tors have been included at the out-
set. The material on servomech-
anisms has been completely rewritten
and information has been added on
magnetic amplifiers, computers, and
electronic measurement.
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Specifications on
all standard seals -

E-1 Short Form
Catalogs

Bulletin SCT-59
on Single Lead
Terminals
Bulletin TCT59
on Tubular
Terminals

- in commercial equipment and vital military programs

For proven reliability in severe environments, select your seals
from the E -I standard line of application tested hermetic ter-
minals. E -I offers designers the complete flexibility and econ-

omy of standardized production on all types of seals ... from
single lead terminals to sub -miniature closures. Proof of their
reliability is the fact that leading manufacturers specify E -I
for every type of seal application. Request catalog on standard
types, or send drawings on seals for special requirements.

Visit Our Display at the Radio Engineering Show, Booths 2526-2528

SINGLE LEAD
TERMINALS

PLUG-IN
CONNECTORS

CUSTOM TRANSISTOR
SEALING CLOSURES

THREADED
SEALS

END
SEALS

ELECTRICAL
INDUSTRIES

A Division of
Philips Electronics
tE Pharmaceutical
Industries Corp.

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

MINIATURE
CLOSURES

MULTIPLE
HEADERS
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TYPE 555 Two electron beams, each with its own X
and Y deflection systems, help make possible
a highly versatile dual -beam oscilloscope.

Either of the two time -base generators in the Type 555 can deflect
either beam for dual and single displays, and either can deflect both
beams for a dual display on the same time base. Time -base units
are the plug-in type to facilitate instrument maintenance.

With one time -base generator functioning as a delay generator, the
start of any sweep generated by the other can be held off for a selected
time interval with a high degree ofaccuracy. Both the original display
and the delayed display can be observed at the same time. The "trig-
gered" feature can be used to obtain a jitter -free delayed display of
signals with inherent jitter.

Signal -handling versatility is provided by nine available types of
plug-in preamplifiers, any combination of which can be used in the
two fast -rise vertical channels. In addition to the many application
areas opened with Tektronix plug-in preamplifiers, a three -channel
or four -channel display is available through use of the time-sharing
characteristics of Type C -A Dual -Trace Units in one or both channels.

Characteristics
INDEPENDENT ELECTRON BEAMS

Separate vertical and horizontal deflection of both beams.
FAST -RISE MAIN VERTICAL AMPLIFIERS

Passbands-dc-to-30 me with Type K Units.
Risetimes-12 mttsec with Type K Units.
All Tektronix Plug -In Preamplifiers can be used in both vertical channels

for signal -handling versatility.
WIDE -RANGE TIME -BASE GENERATORS

Either time -base generator can be used to deflect either or both beams.
Sweep ranges -0.1 µsec/cm to 12 sec/cm. 5 x magnifiers increase

calibrated sweep rates to 0.02 µsec/cm.
SWEEP DELAY-Two modes of operation.

Triggered-Delayed sweep started after the delay period by the
signal under observation.

Conventional-Delayed sweep started at the end of the delay period
by the delayed trigger.

Delay range -0.5 µsec to 50 sec in 24 calibrated steps, with continuous
calibrated adjustment between steps.

MMENEMMEME
mosammum

MEMMEMMEMM=MUM
SWEEP DELAY

Same signal displayed simultaneously
on slow sweep (upper beam) and fast
sweep (lower beam) shows both coarse
and fine structure of waveform.

HIGH WRITING RATE
10-KV Accelerating potential provides bright traces at low repetition

rates and in one-shot application.
REGULATED POWER SUPPLY

All dc voltages electronically regulated.
Heater voltages also regulated.

PRICE, Type 555 without plug-in preamplifiers $2600
Includes Indicator Unit, Power Supply Unit, 2 Time -Base Units,

4 Probes, Time -Base Extension.
Type 500A Scope -Mobile (as shown with Type 555) .. $100
Type 500/53 Scope -Mobile

(with supporting cradles for plug-in preamplifiers) $110
Prices f.o.b. factory.

Tektronix, Inc.
P. 0. Box 831 Portland 7, Oregon

Phone CYpress 2.2611 TWX-PD 311 Cable: TEKTRONIX
TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex.  Atlanta, Go.  Baltimore (Tokepn, Md.l  Boston(LexIngton, Mass.)  Buffalo, N.Y. Chicago(Pork Ridge, Ill.)  Cleveland, Ohio  Dallas, Texas  Dayton,DeYr Detroit (Lathrop VOloge, Mich.)  Endicott (End...ell, N.Y.)  Greensboro, N.C. Houston, Texas  Kansas City (Mission, Kan.)  East Los Angeles, Cold.  West Los Angeles, Calif. Min-,  Ne, York City Area (Albertson, L.I., N.Y.  Stamford, Conn.  Union, NJ.I

 Orlando, Fla. Philadelphia, Pa.  Phoenix, (Scottsdale, Ar.,) San Diego, Calif.  Son Fronosco (Polo Alto, Calif.)  St.c ik's.use, N Y  Toro::ro lwdlowdole, Ont.) Canada  Washington, D.C. (Annondole,Ya.)
TEKTRONIX ENGINEERING REPRESENTATIVES: Howthoroi Electionirs Poi florid Diego',  Seattle. Worhiiigtoo Tektronix s represented coontrl,k by qualified erlyineeorly orgot,robonsSEE THE NEW TEKTRONIX KMC OSCILLOSCOPE AT THE IRE SHOW-BOOTHS 3027-3030
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OR ui X XXP-36
laminated Plastic

missile circuitry must be dependable and economical, too!

Formica® XXXP-36
. now better than ever!

12# average bond strength

500°F solder heat resistance

1 million megohms IR

Cold punch 1A6"

Dimensional stability

Low moisture absorption

Circuitry in the Bomarc-and many other missiles, too-is made

of Formica XXXP-36. It's recognized everywhere as one of the best paper
base copper clad laminates ever made, and yet it's definitely not a premium

price sheet. Therefore, the valuable properties shown at left (normally
found only in premium sheets) cost circuit manufacturers nothing extra.

For complete information on XXXP-36 and the other outstanding

grades in the Formica copper clad line, get your copy of the new Copper
Clad Technical Data Book, form 830. Phone your district Formica repre-

sentative, or write Formica Corporation, a subsidiary of American Cyanamid,

4536 Spring Grove Ave., Cincinnati 32, Ohio.

a product of c C. 1' L IV AMMCP
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ADVERTISEMENT

Higher-Temperature Capacitors:
New Dielectric Materials Help Break the Heat Barrier

By Marc F. Warmuth, Staff Engineer, Airborne Accessories

Special Mylat.', Teflon; and mica
constructions permit continuous
operation up to 600-F

Three new types of special high -tempera-
ture motor -starting capacitors, utilizing
Mylar, Teflon and mica dielectric respec-
tively, have been developed recently by
Airborne. The Mylar and Teflon types
are wound of very thin metallized film
for greatest possible miniaturization.
The mica type is wound of a sandwich
of aluminum foil and thin, pure mica
ribbon, metallized mica not being pro-
curable. All are encapsulated with
thermoplastic polyamide or thermo-
setting epoxy resins (depending on
temperature range) in sealed, cold -
drawn steel cans with fused glass termi-
nals. This construction provides low
inductance units of exceptional mechani-
cal sturdiness and environmental re-
sistance.
As an alternate construction for less
demanding applications, encapsulation
in epoxy sleeves, with leads brought out
through potted ends, is also available.
Mica for highest temperatures
The great advantage of mica as a die-
lectric is its ability to maintain its phys-
ical and electrical characteristics at tem-
peratures up to 1000°F. All dielectric
materials undergo severe reductions in

insulation resistance at high tempera-
tures, but with mica the critical value
is reached around 600°F. Full voltage
ratings up to this point are thus permit-
ted. And with the right epoxy resin
impregnant, mica capacitors are well
able to withstand overtemperatures
without damage . . . if not simultane-
ously subjected to full rated voltages.

Mica capacitors are three to four times
larger than Mylar or Teflon units of
comparable capacitance and voltage
rating. This is because a greater thick-
ness of dielectric must be used, as well
as a separate layer of aluminum foil.
Mylar and Teflon for intermediate
high temperatures and small size
Mylar can be worked continuously up
to 300°F (derated to 250°F for a-c
applications) and Teflon up to 400°F.
For applications below these limits, but
above the normal 185°F limit of more
conventional insulating materials, metal-
lized Mylar and Teflon offer high dielec-
tric strength. They make possible
wound capacitors of very small size
with good voltage ratings and excellent
capacitance -to -volume ratios.

A further advantage of metallized
Mylar and Teflon capacitors is their
self -healing characteristic. The short
occurring when the dielectric is ruptured

Corporation

instantly burns the thin metallic coating
back from the edges of the rupture,
making further flashover impossible.
Yet the amount of metallic coating
burned away is so minute that hundreds
of such self-healings have little effect
on capacitance. Resistance to over -
voltages can thus be considered ex-
cellent. Resistance to overtemperatures,
on the other hand, is not an outstanding
characteristic of Mylar or Teflon-a
design factor to keep in mind.
Summary

MYLAR: For intermediate high tempera-
tures, high voltage and smallest size. Con-
tinuous operation at 300°F with ratings up
to 1000 WVDC. Capacitance variation with
temperature good, but not as good as that
of Teflon or mica types.

For intermediate high tempera-
tures and small size. 600 WVDC up to
400°F without derating.

MICA: For highest temperatures. Con-
tinuous operation, 600 WVDC without
derating up to 600°F. Higher temperatures
possible with derating. Larger in size than
equivalent Mylar or Teflon capacitors.

For further information, request Prod-
uct Bulletin PS -6A from AIRBORNE
ACCESSORIES CORPORATION,
Marketing Dept., HILLSIDE 5, N.J.
*DuPont's tm for its polyester film
DuPont's tm for its tetrafluoroethylene resin

CAPACITANCE VARIATION WITH TEMP.
TABULATED CHARACTERISTICS-AIRBORNE SPECIAL HIGH -TEMPERATURE CAPACITORS
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TYPE MYLAR

Wound, Metallized
Mylar Film

TEFLON

Wound, Metallized
Teflon Film

MICA

Wound Alum. Foil
with Mica Ribbon

Working temp. range -65 to + 300°F
(-55 to + 150°C)

-65 to + 400°F
(-55 to + 205°C)

-65 to + 600°F
(-55 to + 315°C)

Voltage ratings 200-1000 WVDC 200-600 WVDC 200-600 WVDC

TEFLON

MICA

WORKING

_

WORKING

TEMP. RANGE

TEMP.

- -
RANGE

Capacitance range .01 mfd up .01 mfd up .01 mfd up
Capacitance variation

with temp.
Very good to 150°F
Good 150-300°F

Excellent to 250°F
Very good 250-400°F

Excellent to 350°F
Very good 350-600°F

Insulation resistance 50,000 meg x mid at 78°F
10 meg x mfd at 257°F

500,000 meg x mfd at 78°F
75 meg x mfd at 300°F

10,000 meg x mfd at 78°F
4 meg x mfd at 600°F

Dielectric strength 4000 v/mil 1500 v/mil 1000 v/mil

Size
a. I.- L-.1
D ICED-r

i_ 1.---.41.1111.7x L
tlito1.7xDCED-4-

_L3to4XL
3114xD-r

WORKING

-85 0 100 200

TEMP.

300

TEMP. -- DEGREES

RANGE

400

E

500 600

Capacitance change vs time
at max. working temp.

-5% or less
after 250 hr

-5% or less
after 250 hr

-5% or less
after 250 hr

Overvoltage resistance Excellent
(Self -healing)

Excellent
(Self -healing)

Nonself-healing

Short -time exposure
to overtemperature

Poor Poor Very good
with derating
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Books
Encyclopedic Dictionary of
Electronics and Nuclear Engineering
By Robert I. Sarbacher. Published 1959 by Pren-

tice -Hall, Inc., 70 Fifth Ave., New York 11. 1417

pages. Price $35.00.

This massive new reference work
covers all the modern terms and de-
finitions, equipments, elements, com-
ponents, and systems in the elec-
tronics and nuclear engineering fields,
in alphabetical order.

Authorized armed forces definitions
and abbreviations, and designations
of all military establishments con-
cerned with electronics and nuclear
engineering, are included.

For fields related to electronics and
nuclear engineering, additional defini-
tions are provided wherever the terms
are commonly associated with devices
in these fields. Acoustical, chemical,
electrical, physical and mathematical -
physical terms and equipments, de-
vices and systems, are given wherever
application is made in the volume.

Sound in the Theatre
By Harold Burris -Meyer and Vincent Mallory. Pub-

lished 1959 by Radio Magazines Inc., P. 0. Box
629, Mineola, N. Y. 95 pages. Price $10.00.

By electronic control of sound, the
speaker can be (though often he is
not) heard in his own voice by the
largest audience. The s m a 11 or-
chestra in the great hall can have

and balance.
This book is the first to set forth

in authoritative detail what one can
do with sound by electronic control
and how to do it whenever the
source and the audience are present
together.

It develops the requirements for
electronic sound control from the
necessities of the performance, the
characteristics of the audience, and
the way sound is modified by en-
vironment, hall, and scenery. Sound
sources are considered for there sus-
ceptibility of control and need for it,
and the many techniques for apply-
ing electronic sound control are
described and illustrated in 32 specific
problems.

Magnetic and Electrical Funda-
mentals (Franklinian Approach)
By Di. Alexander Efron. Published 1959 by John

F. Rider, Publisher, Inc., 116 W. 14th St.,
New York 11.132 pages, paper back. Price $2.50.

This book contains a complete ver-
sion of all of the technical papers pre-
sented at the EIA Conference on
Value Engineering held at the Uni-
versity of Pennsylvania, Oct. 6-7,
1959.

Books Received
RCA Semiconductor Products
Published 1959 by Semiconductor and Materiels

Div., Radio Corp. of America, Somerville, N. J.
40 pages, paper bound. Price $.30.

(Continued on page 68)

IN ONE

ITT I
BAR -GRAPH

OSCILLOSCOPE
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00000000

Ify)ica ron app 'cations:

W sd tuniels

let :ngine t2.nricraturei,

control

1.415.0e chece-wt swstems

40
CHANNEL

READ-OUT

This single, ultra -sensitive dis-
play system does the work of 40
separate meters ... provides
quick -look convenience and
accuracy for innumerable moni-
toring applications. Any 40
variables-related or unrelated
-that can be converted into
electrical signals can be studied,
measured, and compared at once
on the 17 -inch scope of the
Model 40BG.
Output of each of the channels
is scanned ten times per second
by means of a synchronous
motor driven switch. Ultra -
stable circuits provide maxi-
mum accuracy ...line voltage
variations cannot affect per-
formance.

For complete information con-
tact your ITT Instruments
representative, or write us for
Data File EI-1022-1.

ITT
s-atic pcwcr

Industrial Products Division
Interna:i3nal Telephone and Telegraph Corporation
15191 B edsoe Street  San Fernando, Calif.  EMpire 7-6161

conversion nstruments closed circuit television
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Ballantine's Model 302C

BAi (ERY-POWERED
AC Electronic Voltmeter
measures rms of a sine wave

100 pv to 1000 v
at frequencies

7 cps to 150 kc
USE it for measurements

on ungrounded or
symmetrical circuits.

NO HUM, with gain to
60 db. No flutter.

INPUT IMPEDANCE
2 megohms shunted by
10 or 25 pf.

ACCURACY OVER
ENTIRE SCALE better
than 3%, except below
5 cps and above 100 kc.

ACCESSORIES avail-
able to extend voltage
range from 20 /./v to
10,000 v and to measure
AC currents from 0.1
ta to 10 a.

Price: $255.

13 years of production experience has resulted in making
this one of the most useful and reliable VTVM's in the
Ballantine line.

Write for brochure giving many more details

- since 1932 _

BALLANTINE LABORATORIES INC.
Boonton, New Jersey

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

Books
Master Receiving-Picture Tube
Substitution Guide Book
By H. A. Middleton. Published 1959 by JohnF. Rider, Publisher, Inc., 116 W. 14th St., NewYork 11. 352 pages, paper back. Price $7.45.

Defense R & D Contracts Guide
Published 1959 by Vincent F Callahan, Publisher,

Evans Building, Washington 5, D. C. 150 pages.Price $25.00 a copy.

Zener Handbook
Published 1959 by Motorola, Inc., Semiconductor

Products Div., 5005 E. McDowell Rd., Phoenix,Ariz. 130 popes, Spiro hound. Price $1.00.

EIA Membership List and Trade
Directory (1959-60)
Published 1959 by EIA, 1721 DeSales St., N.W.,Washington 6, D. C. 160 pages, paper bound.

Price $2.50.

Fractional Horsepower Motor
Handbook
Published 1959 by Bodine Electric Co., 2500 W.

Bradley Place, Chicago 18, Ill. 66 pages, spiralhound. Price $1.00

R -F Amplifiers
Edited by A. Schure, PhD. Published 1959 by

John F. Rider, Publisher, Inc., 116 W. 14th St.,New York 11. 104 pages, paper bound. Price$2.40.

Short Wave Propagation
By Stanley Leinwoll. Published 1959 by John F.Rider, Publisher, Inc., 116 W. 14th St., NewYork 11. 160 pages, paper bound. Price $3.90.

Pin -Point in
12 Minutes
By Louis E. Garner, Jr. Published 1959 by Edu-

cational Book Publishing Div., Coyne Electrical
School, 1501 W. Congress Highway, Chicago 7,W. 478 pages, spiral bound. Price $4.94.

Hi-Fi Made Easy
By Norman H. Crowhurst. Published 1959 byGernsback Library, Inc., 154 W. 14th St., New

York 11. 224 pages, paper bound. Price $2.90.

Doppler Shift Calculator
Published 1959 by Sylvania Electric Products, Inc.,1100 Main St., Buffalo 9, N. Y. 12 pages, paper

bound. Price 50t. Price covers instruction book-let and circular calculator.

Proceedings of the General Session
on Powder Metallurgy.
Published 1959 by Metal Powder Industries Federa-tion, 60 E. 42nd St., New York 17. Price $4.00.

Proceedings of the Special Session
on Ceramic Permanent Magnets
Published 1959 by Metal Powder Industries Federa-tion, 60 E. 42nd St., New York 17. Price $2.50.

Handbook of Preferred Circuits,
Navy Aeronautical Electronic
Equipment, NAY AER, 16-1-519,
Supplement No. 2.
Published 1959 by U. S. Dept. of Commerce. 54pages. Price 30f. Copies may be obtained

from Government Printing Office, Washington25, D. C.

Understanding Transistors
By Milton S. Kiver. Published 1959 by Allied RadioCorp., 100 N. Western Ave., Chicago 80, III.64 -page, paper bound. Price $.50.
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In just two years the Electronic Components Division

of ESC has become the nation's leading supplier of
quality custom-built and stock Video Transformers.

ESC Video Transformers are designed and manufac-

tured to meet the requirements of simultaneous trans-
mission of both low and high frequencies commonly
encountered in television, computers, scatter transmis-

sion, atomic instrumentations, etc.

atutittzeg AJAR
PRINME

11'0M

Additional applications include interstage coupling,

phase inversion, isolation and pulse applications requir-
ing extremely wide range in pulse width of good wave
form.-Bandwidths from audio to above 10 mc.-avail-
able cased and uncased, in stock designs or to your
rigid specifications.

Write today for complete technical data.

FloA
electronic components ,1 risreo

ES CORPORA TIOAI

glE0 4111i
LAY

ESC was the first company devoted exclusively to
the design and manufacture of custom-built and
stock Delay Lines ... for military and industrial
applications. Whatever the requirement, ESC can

design and build precisely the Delay Line you
need-easily, efficiently and exactly as specified.
Write today for complete technical data.

See You At The IRE Show-Booth #2915

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

C 0 R PO RAT I 0 N 534 Bergen Boulevard, Palisades Park, New Jersey

Distributed constant delay lines  Lumped -constant delay lines Variable delay networks Continuously variable delay lines Puslibutton decade delay lines Shift

registers Pulse transformers - Medium and low power transformers Filters of all types Pulse -forming networks Miniature plug-in encapsulated circuit assemblies

ELECTRONIC INDUSTRIES March 1960 Circle 44 on Inquiry Card 69



°

25 mm

25 mm

12.5 mm

12.5 mm

15.8 mm

50 mm

75 mm

75 mm

f/1.4
f/11.9

fl1.4
f/I.9
0.4
f/1.4
f/1.4
f/1.9

Write for details & prices to

/4/7/sd -
MICROWAVE

FREQUENCY

MULTIPLIER

-measures 100 to 30,000mc

generates 500 to 30,000mc

with high accuracy and stability

This phase -locked oscillator transfers the accuracy and stability of
a VHF driver into the microwave region, giving continuous coverage.
You can drive the unit with Gertsch frequency meters FM -3, FM -6,or FM -7. Fundamental frequency range is 500 to 1000 Mcs, with
harmonic output to at least 30,000 Mcs.

Ideal for calibration of cavity wavemeters ... for precise measure-
ments, or as an ultra -stable frequency source. Unitized construction.
Adaptable for rack mounting.

artsd Complete data
in Bulletin FM -4A.

GERTSCH PRODUCTS, Inc.
3211 South La Cienega Boulevard, Los Angeles 16, California UPton 02761 - VErmont 9 2201

Visit our exhibit at I.R.E. show, booths 3701 and 3703
Circle 45 on Inquiry Card

RIGHT NOW
is the

RIGHT Time to
WRITE and ORDER

for
ICHIZUKA TV LENSES

NEW series of ITV lenses from
wide Angle to Telephoto specially
designed for use on 1 -inch Vidicon
TV Camera

Now Available
...by well known 8 m 7m and
16 m 'm movie lens manufacturer
...the only firm presenting wide...eve All available in C -mount range of vidicon camera lenses
in Japan

ICHIZUKA OPTICAL INDUSTRIAL CO LTD.
568, 2-CHOME, SHIMOOCHIAI, SHINJUKU-KU, TOKYO, JAPAN

CABLE ADDRESS "MOVIEKINO" TOKYO

Coming Events

(Continued from page 15)

Society; Hotel Biltmore, Los An-
geles, Calif.

Apr. 26-28: Meeting, Fibre Box As-
soc.; Edgewater Beach Hotel, Chi-
cago, Ill.

Apr. 27-29: Great Lakes District
Meeting, AIEE; Milwaukee, Wis.

Apr. 28-29: Seminar, Aids in Design
Room Management, Univ. of Illi-
nois; Urbana, Ill.

SOME HIGHLIGHTS OF 1960 .

March 21-24: IRE International Con-
vention, IRE (All Professional
Groups), Coliseum and Waldorf-
Astoria Hotel, New York, N. Y.
E. K. Gannett, IRE Hdqts., 1 East
79th St., New York 21, N. Y.; Gor-
don K. Teal, Chrmn., Tech. Prog.
Comm., IRE Hdqts., 1 East 79th
St., New York 21, N. Y.

April 3-7: Annual Convention, Na-
tional Assoc. of Broadcasters; Con-
rad Hilton Hotel, Chicago, Ill.

May 3-5: Western Joint Computer
Conf., IRE, AIEE, ACM; Jack Tar
Hotel, San Francisco, Calif.

May 10-12: Electronic Components
Conf., IRE, AIEE, EIA, WEMA;
Hotel Washington, Washington,
D. C.

Aug. 23-26: WESCON, IRE, WCEMA;
Ambassador Hotel & Memorial
Sports Arena, Los Angeles, Calif.

Oct. 10-12: National Electronics Con-
ference, AIEE, IRE, Ill. Inst. of
Tech., EIA, SMPTE; Hotel Sher-
man, Chicago, Ill. Arthur H.
Streich, National Electronics Conf.,
184 E. Randolf St., Chicago, Ill.

Nov. 14-16: Mid -America Electronic
Convention (MAECON), IRE, Kan-
sas City, Mo.

Nov. 15-17: Northeast Res & Eng.
Meeting (NEREM), IRE, Boston,
Mass.

Dec. 11-14: Eastern Joint Computer
Conf., IRE, AIEE, ACM; Hotel
New Yorker, New York, N. Y.

Apr. 20-22: South West IRE Regional
Conf. and Electronics Show
(SWIRCO), and National Medical
Electronics Conference, IRE (Re-
gion 6); Shamrock Hilton Hotel,
Houston, Texas.

Abbreviations
ACM: Assoc. for Computing Ma-

chinery
AIEE: American Institute of Elec-

trical Engineers
AIME: American Institute of Metal-

lurgical Engineers
ARS: American Rocket Society
ASME: American Society of Mechani-

cal Engineers
ASTE: American Society of Tool En-

gineers
EIA: Electronic Industries Associa-

tion
EJC: Engineers Joint Council
IAS: Institute of the Aeronautical

Sciences
IRE: Institute of Radio Engineers
ISA: Instrument Society of America
NAB: National Association of Broad-

casters
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Shielded Power Supply
Cables

Plastic Microphone Cables

Shielded Interconnecting
Cables

Strain Gauge Cables

Studio & Closed Circuit
Camera Cables

Broadcast Audio Cables

Sound System
Cables

Ty Eye Camera
Cable

75.Ohm Video Cable

Portable Cordage

Low Impedance
Lines

Call System Cables

PA System Cables

Mita

Sound & Alarm
System Cables

Audio Cables

Cathode Ray Tube Lead

Phono Pick -Up
Arm Wires

Stereo Wires

Grid Wires

Hi-Fi Connecting
Coble

Control
Cables

Antenna Roto Cables

Industrial
Intercom Cables

Test Prod Wires

Juke Box
Control Cables

Unpaired
Intercom Cables

rrosoirP000ry

PERMOHM® Lead-in

CELLULINE® Lead-in Cable

300 -Ohm Lead-in

Ham Antenna Lead-ins

Here is just part of the
WORLD'S MOST COMPLETE LINE
of Electronic Wire and Cable!

"i4

Special Sound C les

RG/U Transmission
Line Cables

Community TV
Antenna Cables

Multiple Pair
Cables

Community TV Antenna
Cable

Control Cables

Magnet Wire

Juke Box Control Cable

Individually
Shielded Intercom
Cables

Rubber Microphone Cables

Hook -Up Wires

Duplex Priming Wires

1

Lamp Cordage

.21M=M!=11111-1,..

MIL -SPEC WIRES

TEFLON Wires

 DuPont trademark

Belden
WIREMAKER FOR INDUSTRY

SINCE 1902
CHICAGO

magnet wire lead wire  power
automotive replacement wire and

Available from Stock
One Wire Source for Everything
Electronic and Electrical

supply cords cord sets portable cordage electronic wire

cable aircraft wire electrical household replacement cords
8.3-9
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A GOOD RUN FOR YOUR MONEY-
New "SCOTCH" BRAND Heavy Duty Tapes

offer exceptional life, low rub -off, good resolution

HAVE PROBLEMS OF TAPE -LIFE, rub -off and resolu-
tion? To cure your headaches in applications that
subject magnetic tape to high speeds, pressures,
temperatures and low humidity, "ScoTcH" BRAND
now prescribes two new tapes-Heavy Duty Tapes
198 and 199. They offer plus -performance in a wide
variety of temperature and humidity conditions.

Take the matter of wear, for instance. Field tests
show that "SCOTCH" BRAND Heavy Duty Tapes wear
five times longer than standard tapes-yet they
maintain good resolution and freedom from drop-
outs over this long haul. Two factors are decisive in
this performance-resistance'to rub -off and resist-
ance to high temperatures.

Ordinary tapes age fast if the temperature climbs
or the relative humidity drops sharply. The binder
softens, allowing the oxides to rub off on those cost-
ly and sensitive heads.. Further, as an electrostatic
charge builds with each pass, stray contaminants
are attracted to the tape-and the tape starts to
cling to the equipment. In each case-your drop-
out count mounts.

Not so with "SCOTCH" BRAND Heavy Duty Tapes.
They boast an extra tough binder system similar to
that used in "SCOTCH" BRAND Video Tape, which
after two years is still the only video tape in com-
mercial use. The heavy duty binder system anchors
the oxides firmly to the polyester base in a way that
resists very high temperatures-minimizing rub-off.
Moreover, Heavy Duty Tapes have a conductivity
nearly 1000 times greater than conventional tapes,
allowing static charge to drain off. Result? Clean,
smooth runs with good resolution-a good run for
your money.

Performance of this kind is easy to promise-
much harder to deliver. And only experienced
"SCOTCH" BRAND technology has such a record of
delivering the right tape for every application in
data acquisition, reduction or control programming.

Check all the tapes in the "SCOTCH" BRAND line.
High Resolution Tapes 158 and 159 pack more bits
per inch, offer extra play time. High Output Tape
128 gives top output in low frequencies, even in
temperature extremes. Sandwich Tapes 188 and 189
drastically cut head -wear, eliminate oxide rub -off,
and wear 10 times longer than ordinary tapes.
Standard Tapes 108 and 109 remain the standard
of instrumentation.

Your 3M Representative is close at hand in all
major cities-a convenient source of supply and
information. For details consult him or write Mag-
netic Products Div., 3M Co., St. Paul 6, Minn.

© 1960 3M Company

"SCOTCH" is a registered trademark of 3M Company, St. Paul 6, Minnesota.
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario.

SCOTCH BRAND MAGNETIC TAPE
FOR INSTRUMENTATION

MINNESOTA MINING AND MANUFACTURING COMPANY eiellib
...WHERE RESEARCH IS THE KEY TO TOMORROW
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YOU CAN USE A TUBE LIKE THIS!

SPECIFICATIONS

FOR 3" CATHODE-RAY
TUBE

FOR MODERN
INSTRUMENTS

31-22 CONTACT
POST

ACCELERATOR

BASEle.12-431

IA 1110
1111111C
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Deflection
factors:

DADT.
to -15 volts DC/in.

'12. volts DC/in.

OA: 9 to

Focusing voltage..
25 to 12.5 V.

rator voltage:
post accele

1500

Du Mont, the pioneer in space -saving and transistor -powered
cathode-ray tubes for radar, now makes possible the same inherent features in a

fine instrument read-out tube. The. Du Mont electrostatically deflected K1951 provides full

scan with deflection voltages of 9-15 volts DC/in.

If your cathode-ray tube applications call fOr even greater compactness and power savings-consult the CRT

Engineering Specialists at Du Mont. Daily advances in the state-of-the-art are being recorded for your benefit.

A tube to fit your exacting requirements can be designed, developed and produced at Du Mont.

Whatever your CRT requirements, check with Du Mont first.

DU MONT®

WRITE for complete details

precision electronics is our business

ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT

See us at the I.R.E.
Show-Booths 3903, 3905 ALLEN B. OU MONT LABORATORIES, INC., CLIFTON, N. J., U. S. A.

INTERNATIONAL DIVISION  515 MADISON AVENUE, NEW YORK 22, N. Y. CABLES: ALBEEDU, NEW YORK
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4 BIG FLOORS...

41,
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SYSTEMS & INSTRUMENTS
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I111
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14 BIG DAYS..

see all there
is to see...
from TOP
to BOTTOM

at the IRE NATIONAL CONVENTION
and RADIO -ENGINEERING SHOW!

It doesn't matter how you manage it - by starting at the
fourth floor with Production Items, on to the third floor for
Systems and Instruments, then down to Two and One for
Components - or the reverse - what does matter is that you
see ALL there is to see at the IRE National Convention and
Radio -Engineering Show at the New York Coliseum, March
21-24. You could even take in one floor a day! Remember,
there are 4 BIG FLOORS ... and 4 BIG DAYS ... so, plan
your trips to the Coliseum so that you don't miss anything.

T

The opportunity to see SO MUCH that's
NEW in the radio -engineering field comes
but once a year with this giant IRE National
Convention and Radio -Engineering Show.
Be UP on your field with a thorough knowl-
edge of the displays and exhibits that will be
shown as NEW IDEAS in RADIO -ELEC-
TRONICS, from the top fourth floor to the
bottom first floor, at the New York Coliseum!

MARCH 21, 22, 23, 24
The IRE NATIONAL CONVENTION I The RADIO ENGINEERING SHOW

Waldorf-Astoria Hotel Coliseum, New York City

The Institute of Radio Engineers 1 East 79th St., New York 21, N. Y.
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Appointment:
Countermeasures

SANTA BARBARA is Raytheon's California operation, and is devoted

to the Engineffing, Marketing, and Production of active and passive ECM
and ECCM equipment for aircraft, missiles, and satellites; infrared systems
and devices; guidance, mapping, and fire control components,

Countermeasures appointments range from junior to department manager
Levels. Technical areas are: advanced systems design, microwave components
design and application, circuit theory applying backward wave oscillators and
traveling wave tubes. Infrared appointments open in reconnaissance and com-
munications systems, circuitry and filter theory, components and servo systems.

Location is excellent. The city of Santa Barbara is a quiet community of
56,000. It has no smog, no million -car traffic. Nearby mountains and offshore
islands keep mean temperature 57° - 70° all year. A Spanish setting plays host

to theatres, museums, universities and a growing electronics center.

For information on programs coincident with their professional
interests, engineers and scientists may write: Mr. Donald H: Sweet,
Manager, Management & Professional Recruiting, Raytheon Com-
pany, 624 C Worcester Road, Framingham, Massachusetts.

SANTA BARBARA OPERATION
EQUIPMENT DIVISION

EXCELLENCE
IN ELECTRONICS



ARNOLD:

YOUR H.Q.

FOR MAGNETIC MATERIALS
AT THE IRE SHOW

1955

411*416'

"1i Flu
If

orsESCala

ARNOLD
ENGINEERINGSpecialists

in Magnetic
Materici

Is

* PERMANENT MAGNETS
Cast Alnico Sintered Alnico

Arnox Vicalloy Cunife

* MAGNETIC CORES
Tape Wound Cores of Deltamax,

Supermalloy, Permalloy,
Supermendur, etc.

Type "C," "E" and "0" Cores of
Silectron Bobbin Cores

Mo-Permalloy Powder Cores
 Iron Powder Cores  Sendust Cores

* SPECIAL MATERIALS
Barium Titanates

Permendur Vibralloy

AT THE ARNOLD EXHIBIT:

Booths 2509-11-13 and 15

ARNOLD
SPECIALISTS In MAGNETIC MATERIALS

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL.
BRA4CH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
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Semiconductor News
from SYLVANIA Quality -by intention!

Sylvania

NPN and PNP Transistors

controlled specifically for

switching service

Rigid adherence to high standards of per-
formance and electrical uniformity is
assured through the exercise of stringent
quality controls. High reliability under
severe environmental conditions is assured
by thorough final -test procedures. Sylvania
switching transistors are in TO -5 cases with
welded hermetic seal. Shown here are a num-
ber of switching circuits designed around
Sylvania transistors and diodes.

Transistor "NOR"



SYLVANIA NPN AND PNP SWITCHING TRANSISTORS
Reliable performers in military and computer applications

ELECTRICAL CHARACTERISTICS

NPN
Type

COLLECTOR TO
BASE VOLTS (Min.)

EMITTER TO

BASE VOLTS (Min.)

POWER DISS.
AT 25°C (Max.)

FREQ. CUTOFF, FAB

V,,,=-6v.1c=1ma (Min.)

2N312 15V 15V 100mW 3.0Mc

2N356 20V 20V 100mW 3.0Mc

2N357 20V 20V 100mW 6.0Mc

2N358 20V 20V 100mW -
2N377 25V 15V 150mW 2.5Mc

2N377A 40V 15V 200mW 2.5Mc

2N385 25V 15V 150mW 4.0Mc

2N385A 40V 15V 200mW 4.0Mc

2N388 25V 15V 150mW 5.0Mc

2N388A 40V 15V 200mW 5.0Mc

2N438 30V 25V 100mW 2.5Mc

2N438A 30V 25V 150mW 2.5Mc

2N439 30V 25V 100mW 5.0Mc

2N439A 30V 25V 150mW 5.0Mc

2N440 30V 25V 100mW 10.0Mc

2N440A 30V 25V 150mW 10.0Mc

2N556 25V 10V 100mW -
2N557 20V lOy 100mW -
2N558 15V 5V 100mW -
2N576 20V 15V 200mW 5.0Mc

2N576A 40V 15V 200mW 5.0Mc

2N585 25V 20V 120mW 3.0Mc

2N587 40V 40V 150mW -
2N679 25V 15V 150mW 2.0Mc

2N1302 25V 25V 150mW 3.0Mc

2N1304 25V 25V 150mW 5.0Mc

2N1306 25V 25V 150mW 10.0Mc

2N1308 25V 25V 150mW 15.0Mc

2N1114 25V 15V 150mW 7.0Mc

2N1299 40V 15V 150mW 4.0Mc

PNP COLLECTOR TO EMITTER TO POWER DISS. FREQ. CUTOFF, FAB

Type BASE VOLTS (Min.) BASE VOLTS (Max.) AT 25°C (Max.) V0e3=5 1e,1mA (Min.)

2N123 -20V -10y 150mW 5.0Mc
4.0Mc

2N404 -25V -12V 150mW
5.0Mc

2N414 -30V -12V 150mW
2.5Mc

2N425 -30V -20V 150mW
3.0Mc

2N426 -30V -20V 150mW
5.0Mc

2N427

410
2N428
2N519

-30V
-30V
-25V

-20V
-20V
-15V

150mW
150mW
150mW

10.0Mc
0.5Mc

14.0Mc
2N582 -25V -12V 150mW

0.5Mc
2N1009 -10y 120mW

0.5Mc
2N1381 -25V -15V 150mW

SYLVANIA 2N624 "DRIFT" TRANSISTOR FOR
TUNED -AMPLIFIER SERVICE TO 12.5 MC

.370
MAX.

.260

.200

Sylvania 2N624 is a hermetically sealed PNP diffused -base tran-
sistor. The package has JEDEC TO-12 dimensions and lead spac-
ings. A fourth lead provides a connection to the metal case for
improved shielding. Characteristic testing includes many environ-
mental parameters to assure reliable operation under conditions
which may be expected in military applications. Sylvania 2N624
conforms to the requirements for military electronics equipment.

4 .335
.275

1.50 U\-4 LEADS
MIN.

A .017
+.002
-.001 DIA.

±.010
.200 DIA.

C

450 5

±.003



SYLVANIA DIODES-Sylvania manufactures all types of diodes for

service as gates, clippers, clampers, detectors; diodes for applications

in communications equipment, switching circuits in electron': com-
puters operating at high speeds in the order of millimicruseconis, and
special-purpose e ectroric devices.

SYLVANIA facilities for life and environmental
fi"wil811testing include salt spray, moisture, high altitude,

vibration, shock, high and low :emperatures.

POINT -CONTACT DIODES
feature low cost, low capac-
itance, and exceptionally
fast recovery time. Avail-
able in all -glass "min" pack-
age with power dissipation
capabilities to 80mW. Avail-
able in solder -seal package
for wire -in or clip -in use
with power dissipation
capabilities to 225mW.

SYLVANIA manufacturing and testing facilities

are highly automated and mechanized tc assure

extraordinary electrical uniformity Many

SYLVANIA diodes are available with specifica-

tions conforming to military requirements.

tii A did A fto
'psy

GOLDGOLD BOND DIODES
feature high forward -con-
duction and good recovery -
time in units that are rela-
tively low in cost. Available
in all -glass "min" package
with power dissipation capa-
bilities averaging 80mW.

VLI (very low impedance) DIODES

I

4 1 IP , 1 4.

iP 4- 'f 1

I
I

1 I

feature very high conduc-
tion and relatively high
voltage -breakdown. Avail-
able in all -glass "min" pack-
age with power dissipation
capabilities averaging
80mW. Available in solder -
seal package for wire -in or
clip -in use with increased
power dissipation capabili-
ties to 225mW.

16

ill 4 it

SILICON -JUNCTION DIODES
feature high conduction,
good recovery time plus the
environmental capabilities
of silicon-the ability to
withstand wide variations
in ambient temperature.
Available in all -glass "min"
package with power dissipa-
tion capabilities to 200mW.

/ SYLVANIA D-1820 HIGH-SPEED SWITCHING DIODE

/ 4 millimicroseconds guaranteed maximum recovery :ime

a

ELECTRICAL CHARACTERISTICS -
SYLVANIA D-1820

Fwd. Curr.
1.3 V t Fwd. Volt 0.9 V
50 mA Fwd. Curr.

Operating Conditions"
TypicalAbsolute

TYP

Maximum Ratings*

Fwd. Volt
2.0 I.LA

Back Volt 20 V Rev. Recovery 2.5 mlis

Pwr. Diss. 80 mW

SYLVANIA D-1820-now available in commercial quanti-
ties-is designed, produced and controlled specifically for

logic circuitry. The cost of this SYLVANIA diode is low
ernugh to make it especially attractive -or use ii quantity -
produced electronic computers. SYLVANIA D-1820 and
ircuits designed around it feature: high-speec operation

long -life performance high reliab lity exceptional

uniformity  economy simplicity compactness.



  SYLVANIA 2N105 and 214110

(GERMAIll MtSA COMPUTER TRANSISTORS

)4/7 EPENDABLE! AVAILABLE!

SIZE

ACTUAL

411111/11

if/

Experienced designers of electronic computers have
learned they can depend on the performance of
high-speed switching circuits designed around
Sylvania transistors. An exceptionally high degree
of dependability is built into SYLVANIA Mesa
transistors. There are 31 in -line quality control
check -points for SYLVANIA 2N705 and 2N710
Mesa transistors. Another important reason for
designing around SYLVANIA 2N705 and 2N710 :
they are available now.

A COMPREHENSIVE LINE OF SILICON RECTIFIERS
The latest in production equipment plus the most
modern test procedures are devoted to the manufac-
ture of SYLVANIA silicon rectifiers. Clinically con-
trolled atmospheres on the production line minimize
contaminants, result in units that feature low leak-
age and promise long -life operation.

SYLVANIA silicon rectifiers are quality -controlled
for applications in industrial power supplies and
magnetic amplifiers. SYLVANIA silicon rectifiers
are available with peak -inverse -voltage ratings to
1000 -Volts, and forward -current ratings to 750-mA.

TOP HAT
EPDXY

PACKAGE

STUD
MOUNTING

SYLVANIA-RELIABLE SEMICONDUCTORS TO THE TELEPHONE INDUSTRY!
SYLVANIA semiconductor devices are available from your local franchised SYLVANIA SEMICONDJCTOR
DISTRIBUTOR or through the FIELD OFFICE nearest you. For technical data, write:
SYLVANIA SEMICONDUCTOR DIVISION, WOBURN, MASSACHUSETTS.

Subsidiary of GENERAL TELEPHONE sELECTRONICSGRiY



Insulation "Paints
Out" Electric Arcs

A new insulation "paint" has
been developed by Westinghouse
engineers. The insulation can be
painted or sprayed on. Paint is
well suited for electrical equipment
that is subjected to high -voltage
discharges. These discharges cause
the rapid breakdown of conven-
tional insulating materials.

The new insulation dries to form
a smooth and attractive painted
surface and, at the same time,
gives standard insulating materials
as much as 300 times more resis-
tance to breakdown by electrical
arcing or "tracking."

SPACE EXPERIMENTS

General Electric missile re-entry vehicle is

equipped with instruments for measuring
meteor sizes and electrical energy in space.
J. Frissora of Geo-Sciences, Inc., Alamagordo,
N.M., points to his self -designed membrane
detector. It measures size of meteors by

escaping gas. Extended ears are for measur-
ing ion densities and potential of vehicle.

NBS Obtains Radio
Signal Strength Data

The effects of v a r y in g the
heights of transmitting and receiv-
ing antennas on the strength of
radio signals received beyond the
radio horizon have been determined
by National Bureau of Standards'
physicists.

The data, said to be valuable in
designing long-distance VHF -UHF
communication systems and de-
veloping and testing theories of
tropospheric scatter propagation,
are contained in one of a series of
NBS Technical Notes being
published by the Office of Technical
Services, U. S. Department of
Commerce.

The report sets forth an analysis
of measurements of transmission
loss (signal strength) at 418 Mc
over a 134 -mile path. Continuous
simultaneous recordings of signal
level were made at receiving an-
tenna heights ranging from 30 to
665 ft.

DO YOU NEED AtieOrng6bn
FOR FINISHING WIRE LEADS

WITH TERMINALS ATTACHED?

or

SOME EXAMPLES OF TERMINALS ATTACHED BY ARTOS MACHINE

NEW ARTOS
TA -20-S

Performs
4 Operations

Automatically!
L.

Artos TA -20-S
with guard raised

1. Measures and cuts solid or stranded wire 2" to 250" in length.

2. Strips one or both ends of wire from Ye" to 1".

3. Attaches any prefabricated terminal in strip form to one end of wire.
(Artos Model CS -AT attaches terminals to BOTH ENDS OF
WIRE simultaneously.)

4. Marks finished wire leads with code numbers and letters. (Available
as optional attachment.)

PRODUCTION SPEEDS up to 3,000 finished pieces per hour.
Can be operated by unskilled labor. Easily set up and adjusted
to different lengths of wire and stripping-die units for different
types of terminals simply and quickly changed.

ENGINEERING CONSULTATION ... recommendations without ob-
ligation. Special adaptations made to fit requirements of your
product. Machines for all types of wire lead finishing.
VISIT US AT

BOOTH 4205-
I.R.E. SHOW

WRITE for FREE Bulletin No. 655 on Artos TA -20-S

World Leaders in
Automatic Machines for Finishing Wire Leads

AVIECIENCINEEIRING CC.
2753 South 28th Street Milwaukee 46, Wisconsin
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Buss and Fusetron Fuses
. . . help you safeguard your product's

reputation for Quality and Reliability!

Undoubtedly, you take pride in the
products your company manufacturers
. . . and try to avoid using any com-
ponents that could result in customer
dissatisfaction . . . which in turn can
affect your company's sales curve.

That's why it doesn't pay to gamble
with fuses that could be faulty and
create trouble for your customers -
either by failing to protect and caus-
ing useless damage to equipment, or
by blowing needlessly and causing
unnecessary shutdowns.

With BUSS and FUSETRON fuses
safe, dependable electrical protection
is assured. Before one of these fuses
ever leaves our plant, it is electronically
tested to make sure it is right in every
way . . . to make sure it will protect,
not blow needlessly.

When you specify BUSS or FUSE-
TRON fuses, you are safeguarding
against customer complaints for you
have equipped your product with the
finest electrical protection possible.
You are also helping to maintain the
reputation of your product for service
and reliability.

To meet all fuse requirements,
there's a complete line of BUSS and
FUSETRON fuses in all sizes and
types . . . plus a companion line of fuse
clips, blocks and holders.

For more information on BUSS and
FUSETRON Small Dimension fuses
and fuseholders, write for BUSS bul-
letin SFB.

BUSSMANN MFG. DIVISION,
McGraw -Edison Co.

University at Jefferson, St. Louis 7, Mo.

360

BUSS fuses are made to protect - not to blow, needlessly.
BUSS makes a complete line of fuses for home, farm, commercial,

electronic, electrical, automotive and industrial use.

411SETRON

'ANS

NRAW.
2:ff;z2:" -

See us at the IRE show-Booth #2737
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Creative Microwave Technology If
Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 9

NEW RAYTHEON MAGNETRONS FOR A WIDE RANGE OF APPLICATIONS

Designed for C -band systems
requiring tunability, the
RK-7156 magnetron has a min-
imum peak power output rat-
ing of 250 kilowatts over a
frequency range of 5,450 to
5,825 megacycles. Applica-
tions include a flight -
tested, revolutionary air-
borne weather radar system.
The RK-7156 is in quantity
production.

CIRCLE 56
Reader Service Card

* * *

X -band magnetron for air-
borne search radar provides
one megawatt minimum peak
power and 875 watts average

power within a frequency
range of 9,310 to 9,440 Mc.
Designated QK-624, this
pulsed -type tube is liquid
cooled and should give at
least 1,000 hours of reli-
able service.

CIRCLE 57
Reader Service Card

* * *

For ground -based and air-
borne radar systems, the RK-
7529 magnetron provides a
2.0 microsecond pulse of 3.5
megawatts minimum peak power
over 2,700 to 2,850 Mc. This
liquid -cooled tube is in-
terchangeable with other
fixed -frequency S -band
tubes operating at similar
power levels.

CIRCLE 58

Reader Service Card

* * *

A one kilowatt beacon magne-
tron, the RK-7578 weighs
only 14 ozS., yet will with-
stand vibrations of 15 G's
at 20 to 2,000 cycles and
shock up to 100 G's. It is

A Leader in Creative Microwave Technology

mechanically tunable and
covers the 5,400 to 5,900
Mc range.

CIRCLE 59
Reader Service Card

* * *

Developed to withstand ex-
treme environmental condi-
tions, the RK-7449 magne-
tron is a lightweight, com-
pact tube with a minimum peak
power output of 45 kilowatts
at the operating frequency
of 24 kmc. The RK-7449 is
required to withstand re-

peated shocks of 50G. Stable
operation is guaranteed at
vibration frequencies up tc
2,000 c.p.s. with 30G ap-
plied.

CIRCLE 60
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Handy & Harman Silver Powder and Flake for Electronic Applications

Among the many forms of silver
and s5Iver alloys manufac-
tured by Handy & Harman are:

Fine silver (wire, strip and foil) 
Silver anodes and grain for plating 
Silver contact alloys  Silver powders 
Silver flake, paints and paste  Silver
brazing alloys Silver electronic
solders Silver sintered metals 
Solder -flushed silver alloys Silver
chloride and oxide  Coin silver (wire
and strip)  Silver hi -metals

The increased acceptance of silver powder and flake in electronic circuitry
and components has created a demand for a source that can supply these
materials at a consistently high level of quality.

Handy & Harman manufactures silver powder and flake in all typesand forms, for use in formulations on printed circuitry and wiring, re-
sistors, condensers, thermistors, printed terminal strips on glass, ceramics
or plastic laminates, etc.

If .you are working on conductive or resistive coatings where you
require excellent electrical conductivity, Handy & Harman will welcome
the opportunity to assist you in the choice - or discussion of any silver
product that may interest you. Write for Technical Bulletin A-4 on Silver
Conductive Coatings and Bulletin A-5 on Silver Powder and Flake.

Our technical service and field application experience are at your dis-
posal ...we welcome inquiries on products and product problems involvingany form of saver.

Your NO. Source of Supply and Authority on Silver Alloys PLANTS

HANDY & HARMAN HANDY & HARMAN
a

MOSE POST, COSH.
PRCVICIESCS. R. I.
CHICAGO. ILL.
CLEVELAND. OHIO
OFTSOIT. NICK.
LOS ANSI LIS. CALMI Offlutt: 82 Fulton St., New York 38. N. Y. OARLAH0. CAW.
TORONTO. CANADA

DISTRIBUTORS IN PRINCIPAL CITIES
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Experience-the added alloy in A -L Electrical Steels

Higher permeability values now guaranteed

for Allegheny Ludlum's Moly Permalloy

Means new, consistent and predictable

magnetic core performance

Molybdenum Permalloy nickel -iron strip is now available
from Allegheny Ludlum, with higher guaranteed perme-
ability values than former typical values. For the buyer,
this new high quality means greater uniformity . . . more

consistent and predictable magnetic core performance.
This higher permeability is the result of Allegheny

Ludlum's intensive research on nickel -bearing electrical
alloys. A similar improvement has been made in AL -4750
strip steel. A -L continues its research on silicon steels,

WOW 7490

including Silectron, well-known grain -oriented silicon

steel, and other magnetic alloys.
Complete facilities for the fabrication and heat treat-

ment of laminations are available from Allegheny Ludlum.
In addition, you can be assured of close gage tolerance,
uniformity of gage throughout the coil, and minimum
spread of gage across the coil -width.

If you have a problem relating to electrical steels,

laminations or magnetic materials, call A -L. Prompt tech-

nical assistance will be yours. And write for more in-
formation on Moly Permalloy. Allegheny Ludlum Steel
Corporation, Oliver Building, Pittsburgh 22, Pa.

Address Dept. EI-27

ALLEGHENY LUDLUM
STEELMAKERS TO THE ELECTRICAL INDUSTRY

Export distribution, Electrical Materials: AIRCO IN1ERNANONAL INC., NYC 17

Export distribution, laminations: AD. AURIEMA, NYC 4
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Stronger...
than the cable itself!

N EW

SUB -MINIATURE

R.F. CONNECTORS
A connector so superior in concept and performance most majoY manu-
facturers are specifying it.

Mechanically, the ConheX provides a connection stronger than the cable
itself. Captivated contacts assure proper engagement of mating parts.
Completely field repairable for true practicability.
Extremely stable and reliable under operational conditions. ConheX offers
more than any existing connectors of corresponding types, yet they are
completely interchangeable.

Available in 50, 75 and 93 ohm sizes in a complete range of types. Write
for complete details on these vastly superior rf subminiature connectors...

The inside story of
ConheX superiority.
Positive clamping
action distributes
holding action on
jacket, shield and
conductor of coax-
ial cable-different,
and far better.

INNER CONDUCTOR PI PAM COLE NSULATI011

CLAMPING PARTS. Clamp not. mashers. LI ere and male coated

ea,e,e. CORPORATION
139 HOYT STREET MAMARONECK, N. Y.

PA
TEFLON TERMINALS RF CONNECTORS

VISIT SEALECTRO BOOTH 2922 AT I.R.E. SHOW

Circle 63 on Inquiry Card

British Branch: Seolectro Corporot.on,

Hershom Factory Estate, Lyon Road,
Walton -on -Thames,

Surrey, England.

International
News

(Continued from page 36)

only a few parts (one transistor and
two diodes) more than conventional
sets. Of course the second loudspeak-
er and audio stage is still required.
The proposed system is compatible
and unconverted sets will be able to
receive transmissions in the normal
way.

Buy AM Stereo Equipment
Four foreign radio stations have
bought AM Stereo Adapter Systems
from Kahn Research Laboratories,
Inc., Freeport, N. Y. Included are
CJAD in Montreal, the major high
power station in Mexico City, and
two stations in Venezuela.

Programs broadcast using this sys-
tem, the Model STR-59-IA Stereo
Adapter System, can be received on
two conventional AM receivers and
balanced monaural reception is pro-
vided when only one receiver is used.

AM Stereo Adapter system develops two in-
dependent sidebands which are individually
modulated by the two stereo inputs. Each
sideband of the envelope wave can be demod-
ulated by a standard AM receiver.

Using any standard AM transmit-
ter, the Kahn Adapter develops a full
carrier and two independent side -
bands, each modulated by the two
stereo channels. Total added harmonic
distortion is approximately 1/2% and
either sideband can be diode detected.
Thus, true stereo is achieved by plac-
ing two standard AM receivers about
six feet apart and tuning each set to
the respective upper and lower side-
band. Sideband rather than carrier
tuning also makes AM fidelity com-
parable to FM. Balanced monaural
reception is provided by tuning one
receiver to the carrier.

Kahn Research Laboratories, re-
cently filed a petition for rule change
with the FCC to broadcast full -range
stereo programs over a single AM
transmitter.

ELECTRONIC INDUSTRIES March 1960



fie
Low Cost Miniature Trimmer Pot, Series 110.
3/4' dia. preset wirewound 1/2-5,000 ohms resistance
range variable resistor. Exceptional reliability due to
several unique design features.

fie
Compact Vernier Variable Resistor, Type VA-45.

12-1/2 to 1 reduction. For fine tuning applications. Ball
bearing rotation.

Higher Reliability Micro -Miniature Composition
Control, Series M250.
9/32" dia. For miniature transistor hearing aids, miniature
radios, telephone equipment and industrial applications
requiring tiny size and exceptional reliability.

Compact Motor Driven Control, Type MD 45.
For remote control functions.

fat
CTS Specialists are willing to help solve your vari-
able resistor and switch problems. Contact your
nearest CTS office today.

Circle 64 on Inquiry Card

Circle 65 on Inquiry Card

Circle 66 on Inquiry Card

Circle 67 on Inquiry Card

airy Card

Circle 65, on Inquiry Card

Circle Inquiry and

Circle 71 on Inquiry Card

Circle 72 on Inquiry Card

Founded 1896

Space Age Hi Temp Military Control, Series 600.

1/2 dia. variable resistor with infinite resolution dnd

better stability and higher reliability than presently
available in carbonaceous type units. Uses new CTS -

developed hi temp metal -ceramic resistance element.

Burton brown, advertising

67% Smaller Side -By -Side Printed Circuit Ceramic
Base Control, Type X153.
Compact space -saving self-supporting snap -in 2 or 3 -

section variable and fixed resistor network 1/3 the size of

previous units designed for printed circuit applications.

Separately Mounted Simple Design Pull-Push and
Push -Push Switches, Types SK -1 and SJ.
13/16" dia. In separately mounted styles for home appli-

ances and other electrical and electronic applications.

Highly Uniform Rugged Rotary Switches,
TROLEX Series.
Exceptionally high uniform reliability is achieved by an
entirely new manufacturing concept. For military and
commercial applications.

Miniature Compact 5/8' Control, Series 200. (Illus-
trated with switch).
For limited space applications. Available with standard
bushing mounting (illustrated) or economical ear

mounting. Special thin ear -mounted model available
for portable pocket transistorized radios.

Factories in Elkhart & Berne, Indiana; South Pasadena, California;
Asheville, No. Carolina; McHenry, Illinois and Streetsville, Ontario.
Sales Offices and Representatives conveniently located throughout
the world.

CHICAGO TELEPHONE SUPPLY
re -c0,-) (-1,11.6 e

ELKHART  INDIANA
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ALWAYS A
WINNING

HAN D-WH EN
YOU SPECIFY

C -A- C

"POKER
CHIPS"

Epoxy cast units resulting from
C -A -C design engineering:

SATURABLE REACTORS
Pulse transformers;
DC to DC converters
400 cycle power transformers.

Can be subminiaturized within
performance limits. Terminal ar-
rangements to meet requirements.
Mil. Specs. Fast Delivery.

Send us your specifications for
quotations and/or engineering
advice.

COMMUNICATION
ACCESSORIES

COMPANY

International
News

JAPAN

Color TV in Japan
The Japan Broadcasting Corp. (NHK)
has built a color TV camera made ex-
clusively of domestically -produced
parts. The camera is smaller than
the RCA or GE color TV cameras
now being used in Japan.

The firm is planning to mass pro-
duce 17 -inch color TV receiving sets
in the near future. Seven Japanese
electric companies are turning out
color receiving sets.

The Japan Broadcasting Corp. is
telecasting 30 -minute color shows five
days each week and the Nihon Tele-
vision Co. is broadcasting daily hour
and a half color shows. NHK has in-
stalled color TV sets in various public
locations in Tokyo to introduce color
TV to the population.

MEASUREMENT SEMINAR

Technical reps from a dozen nations who
attended an international 6 -day measurement
seminar in Amsterdam, Holland. Meeting,
hosted by Groenpol Industrial Sales Co., rep
in the Netherlands for General Radio Co.,
West Concord, Mass., featured 21 hrs of
practical instruction in advanced measurement
techniques.

International Computer
Federation Formed

Eleven nations have ratified the
statutes of the International Federa-
tion of Information Processing So-
cieties. The new federation is a
direct result of the first International
Conference on Information Processing
sponsored by UNESCO in Paris last
June,

The first meeting of the IFIPS
council is expected to plan a Second
International Conference on Informa-
tion Processing with an associated
technical exhibit in 1963.

Countries now holding membership
are: Canada, Denmark, Finland,
France, West Germany, Netherlands,
Spain, Sweden, Switzerland, United
Kingdom, and the U. S. A. Belgium,
Israel, and Japan are forming nation-
al computer societies to qualify for
membership.

for immediate delivery of
GENERAL

INSTRUMENT
semiconductors

at Octoky Nees
call your authorized
stocking distributor

CALIFORNIA
Electronic Supply Corp.

Pasadena
Newark Electric Company

Inglewood
Pacific Wholesale Co.

San Francisco
San Delco

San Diego
Shanks & Wright, Inc.

San Diego
Valley Electronic Supply Co.

Burbank

CONNECTICUT
Sun Radio & Electronics Co., Inc.

Stamford
The Bond Radio Supply, Inc.

Waterbury
FLORIDA
Electronic Supply

Melbourne; branches in Miami,
Orlando, St. Petersburg

ILLINOIS
Merquip Company

Chicago
Newark Electric Co.

Chicago

INDIANA
Brown Electronics, Inc.

Fort Wayne
Graham Electronics Supply, Inc.

Indianapolis
IOWA
Deeco, Inc.

Cedar Rapids

MARYLAND
Radio Electric Service Co.

Baltimore

MASSACHUSETTS
The Greene -Shaw Co., Inc.

Newton

NEW YORK
Delburn Electronics, Inc.

New York City
Hudson Radio & Television Corp.

New York City
Sun Radio & Electronics Co., Inc.

New York City
OHIO
Buckeye Electronics Distributors

Columbus
The Mytronic Co.

Cincinnati
Pioneer Electronic Supply Co.

Cleveland

OKLAHOMA
Oil Capitol Electronics

Tulsa

PENNSYLVANIA
D & H Distributing Co.

Harrisburg
Herbach & Rademan, Inc.

Philadelphia
TEXAS
Scooter's Radio & Supply Co.

Fort Worth
WASHINGTON
Seattle Radio Supply Co.

Seattle

WISCONSIN
Radio Parts Co., Inc.

Milwaukee

Adirillhin Distributor DivisionAir 'IN
II® GENERAL INSTRUMENT
la NEC CORPORATION
IlL--419 240 Wythe Avenue"IMP Brooklyn 11, N.Y.

Circle 73 on Inquiry Card
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GENERAL INSTRUMENT CORPORATION

SUBMINIATURE

silicon
power

diode/rectifiers

PIV up to
600 V.

high
conductivity

150 ma
0 1 5 0 ' C.

low
leakage

400 ma
25° C.

designed to meet USAF MILE -1/1143 specs

These fine silicon diode/rectifiers

meet and exceed the USAF specs ... and retain

their outstanding characteristics
and reliability at temperatures

of 150° C. and more! Complete technical
information on these and other

General Instrument semiconductors
is available upon request.

JEOEC
TYPE
NC.

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS

PEAK
INV.

VOLT

AGE
(V)

MAX. AVG.
RECTIFIED

CURRENT (mA)*

@ 25°
C.

@ 150°
C.

MINIMUM
SATURA-

TION
VOLTAGE

® 100° C.
(VOLTS)

MAXIMUM
REVERSE
CURRENT

PIV (uA)

25°
C.

@ 100°
C.

MAXIMUM
VOLTAGE

DROP

@ 400 ma
DC
25° C.

VOLTS DC

1N645

ING46

I N647

1 N648

1N649

225

300

400

500

600

400

400
400

400

400

150

150

150

150

150

275

360

480

600

720

0.2

0.2

0.2

0.2

0.2

15

15

20

20

25

1.0

1.0

1.0

1.0

1.0

dr 'II
is

"Resistive or inductive load

Semiconductor Division
GENERAL INSTRUMENT CORPORATION
65 Gouverneur Street, Newark 4. N. J.
Midwest office 5249 West Oiversey Ave.. Chicago 39
Western office: 11982 Wilshire Blvd.. Los Angeles 25

GENERAL INSTRUMENT CORPORATION INCLUDES F. W SICKLES DIVISION.AUTOMATIC
MANUFACTURING DIVISION. SEMI.

CONDUCTOR DIVISION. RADIO RECEPTOR COMPANY. INC., THE HARRIS TRANSDUCER CORPORATION. MICAMOLD ELEC-

TRONICS MANUFACTURING CORPORA -ION AND GENERAL INSTRUMENT - F W SICKLES OF CANADA LTD (SUBSIDIARIES)

Visit us at the IRE Show, Booths 1218-24
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n;attleek
HIGH TEMPERATURE

CABLE

CAPABILITIES
Our experienced Design Engi-
neers specialize in cable and
cable assemblies utilizing Tef-
lon® insulated hook-up wire
(large and small), solid core
and air dielectric coaxial
cable, shielded and jacketed
multi-conductors-or any com-
bination of these.

Many leading aircraft and
electronic manufacturers are
taking advantage of Tenso-
lite's cable design and produc-
tion facilities. Let us work
with you in translating your
requirements into highly reli-
able jumbo cables and cable
assemblies.

ENAMELED PRODUCTS

High temperature magnet wire-and
other enameled wire products-must
be produced under exacting dust -free
conditions. To assure this, Tensolite
recently set up its Mechtron Division
in a separate and specially designed
plant. Tensolite is the only manufac-
turer to provide this assurance of
reliability and high qtality.

r - - - - - - - MN NM NM an
FREE

I Valuable New Catalogs! Just clip this
I to your calling card or letterhead!
I Please RUSH me your new:

Wire, cable, cable assembly catalog.
Magnet wire catalog.

 For Reference Only.
Ei Have Representative Contact Me. I

INN

See us at Booth

90 Circle 75 on Inquiry Card

HIGH TEMPERATURE

WIRE

AND CABLE
HOOK-UP Wire-Mil Spec & Thin Wall

Teflon - Extruded, Spiral Wrapped,
and FLEXOLON wire
Types E -EE to MIL -W-16878 and

NAS-703 (-90° to +250°C)

Vinyl - Extruded, and parallel
wrapped
Types B -C to MIL -W-16878 and

NAS-702 (-55° to +105°C)
Types LW -MW to MIL -W -76A

(-40° to +80°C)
Super -flexible wire (-40° to +60°C)

COAXIAL CABLE
Solid Core and Air Dielectric
Designed to MIL -C -17B

RG Specs. (-90° to +250°C)

MULTI -CONDUCTORS

Standard and Custom Designed to
Military and Industrial Specs.

AIRFRAME WIRE
Designed to MIL -W-7139

(-90° to +250°C)

MAGNET WIRE
To Meet MIL -W-19583, Type III
16 thru 50 AWG, ST, HT,

TT, & QT (-90° to +250°C)

OTHER PRODUCTS
Asbestos Wire to Ribbon Cable

MIL -C-25038 Shielded and
Antenna Wire Unshielded

Bondable Teflon
Low Capacitance Wire

Cable High Strength
Conductors

Nickel Plated
Conductors

Hearing Aid
Tone Arm Wire Cordage

Wire Coated with
Teflon (100X)
FEP Resin

INSULATED WIRE CO., INC.
A subsidiary of Carlisle Corporation
West Main Street, Tarrytown, N.Y.
Pacific Division:
1516 N. Gardner St., Los Angeles, Calif.

®DuPont

4330 at the 1.R.E. Show
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MOST RELIABLE "WRAP-AND-ENDFILL" FILM

CAPACITORS -

Reliability in a "wrap-and-endfill" at last! .
Sprague Yellow -Jacket Filmite "E" Capacitors.
The design of these small, lightweight film capac-
itors is based on the most extensive life test data
for polyester film dielectrics available at the pres-
ent time. These capacitors will withstand a 250
hour accelerated life test of 150 % of the 85 C
rated voltage impressed or the equivalent de -
rated 125 C voltage. Not more than 1 failure is per-
mitted in 25 samples tested.

The "extended -foil" capacitor sections are
fully protected against moisture by an outer wrap
of yellow polyester -film tape. Only ultra -thin,
specially selected polyester film and aluminum
foil are used. The end seals are of a plastic resin
which has been formulated to bond with the film
wrap and the tinned leads so as to provide a
secure seal.

TYPE 158P

YELLOW -
JACKET'
CAPACITORS
for military
and industrial
electronics

Because of their outstanding resistance to
humidity, vibration, and shock, Type 158P
Yellow -Jacket Capacitors are ideal for many
military, computer, industrial control, and simi-
lar applications. They are particularly well -suited
for potting or encapsulating in electronic sub-
assemblies, filters, etc.

For complete engineering data on Military -Grade Y ellow-Jacket Film

Capacitors (Type 158P) write for Engineering Bulletin 2301.
Data on Sprague's Commercial and Entertainment Grade Yellow -
Jacket Capacitors (Types 148P and 149P) is given in Bulletin
2063A. Both bulletins are available from Technical Literature
Section, Sprague Electric Company, 233 Marshall Street, North
Adams, Massachusetts.

SPRAGUE
THE MARK OF RELIABILITY

SPRAGUE COMPONENTS:
CAPACITORS RESISTORS  MAGNETIC COMPONENTS TRANSISTORS  INTERFERENCE FILTERS PULSE NETWORKS

HIGH TEMPERATURE MAGNET WIRE CERAMIC -BASE PRINTED NETWORKS PACKAGED COMPONENT ASSEMBLIES

SEE US AT THE I.R.E. SHOW - BOOTHS 2416 - 2424
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The only Selenium Rectifier Stack
with no artificial barrier layer

:NOTHER ACHIEVEMENT OF GENERAL INSTRUMENT CORPORATION

RADIO RECEP
O

Vf

Milli
volts

400

300

100

6 I

OVERLOAD
I

: PULSE TEST

Pulse

2 Minute Cycle

Duration -83 Milliseconds
I

I
Pulse

2

Dora

Second

ion -100
Cycle

Milliseconds

I 1

I.

U)ii

....

,

i
i
1

> Z > 1,
. 1 t

(JA/1

t /F./
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Thousand of pulses
100 01

Millions of pulses
2 Million Cycles at X times rating

visible proof
of Tri-Amp's

unlimited life spa
L(jkl-E.

Sp/19?
Lima. iv

PFE S -ED amsaaeameasisassistinlia

Li iiitk-D
P4- SP.

Day after day this life test continues in the Radio Receptor laboratories-
with surge currents ten to fifteen times the rating of ordinary rectifiers!
Ordinary cells deteriorate when run within rated limits, but Tri-Amp
operates at these high current densities without detectable signs of deteri-
oration due to age and usage.

And these results are not confined to tests-in actual performance Tri-Amp
proves again and again it is one of the most effective forms of rectification
available to modern industry! It has a true P -N junction formed by a
closely controlled diffusion process involving the use of cadmium-selenide
and tellurium. We'll be glad to send you more complete information on this
important development. Write today to Section

LIAe

1/T0A11411C
MAINVAIL77/0/4117

CHECK LIST OF
Tri-Amp SUPERIORITY

 Better overload characteristics.
 High current ratings.
 Lower forward voltage drop.
 No sudden failures.
 No special protective devices

required.

 Smaller size.

 Operate in parallel or in series
without special precautions.

gthsto
aiiissamd" RADIO RECEPTOR COMPANY, INC.

/fit Subsidiary of General Instrument Corporation
ilk Hann 240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000

GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC
MANUFACTURING DIVISION, SEMICONDUCTOR DIVISION; RADIO RECEPTOR COMPANY, INC.,

THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELECTRONICS MANUFACTURING COR-
PORATION AND GENERAL INSTRUMENT- F. W. SICKLES OF CANADA, LTD. (SUBSIDIARIES)
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FROM ONE COMPLETELY INTEGRATED SOURCE

ALITE - with its completely equipped facilities
for producing high quality, vacuum -tight,
ceramic -to -metal seals - is geared to meet all
your requirements for high alumina ceramic -
metal components. From design to finished as-
sembly, every manufacturing step - including
formulating, firing, metalizing and testing-is
carefully supervised in our own plant. Result:
effective quality control and utmost reliability.

Hermetic seals and bushings made of high
alumina Mite are recommended for electrome-
chanical applications where service conditions
are extremely severe or critical. Mite has high
mechanical strength and thermal shock resist-
ance. It maintains low -loss characteristics
through a wide frequency and temperature
range. It resists corrosion, abrasion and nuclear
radiation. Its extra -smooth, hard, high -fired glaze
assures high surface resistivity.

102-G

To simplify design problems and speed delivery,
Mite high voltage terminals, feed-throughs and
cable end seals are available in over 100 stand-
ard sizes. However, when specifications call for
special units for unusual applications, you can
rely on expert assistance from Mite engineers to
help you take full advantage of Alite's superior
properties.
Write us about your specific requirements today:

WRITE FOR HELPFUL FREE BULLETINS

Bulletin A -7R gives useful com-
parative data. Bulletin A-40
describes Alite facilities and
complete line of Alite Standard
Bushings.

Amor

ALITE DIVISION U. S. STONEWARE
ORRVILLE, OHIO

New York Office - 60 East 42nd St.
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NOT

NEW,
but...

... proved by millions in use over several years!
IERC TR type Hert-dissipating Electron Tube Shields are
still the only effective heat -dissipating tube shield
designed for retrofitting equipment having JAN bases.

Present TR's a -e unchanged from the original version
intoduced - and over the years, nothing has eqialled
their cooling and retention qualities. The greatly extended
tube life and reliability provided by IERC TR's is
acknowledged by the entire industry.

ERC's TR's have been right for the job- right from the
start. For immediate, increased tube life and reliabi ity -
retrofit now with IERC TR Shields.

I R Free IERC Tube Sh eld
Guide, listing TR Siields,
is available by writ ng
Dept. TR for your copy.

International Electronic Research Corporation
145 West Magn3lia Boulevard, Burbank, California

Personals
Vernon L. Grose has joined Litton

Industries Electronic Equipment Div.
as Head of the Reliability Staff,
Guidance Systems Lab., Beverly Hills,
Calif.

Robert B. Corby has been appointed
to the position of Staff Engineer in
the Program Planning Dept. of Mo-
torola's Western Military Electronics
Center, Phoenix, Ariz.

Dr. Choh-Yi Ang has been ap-
pointed Director of the Materials
Labs. of P. R. Mallory & Co., Inc.,
Indianapolis, Ind.

Dr. Martin A. Edwards has taken
charge of General Electric's New Ad-
vanced Planning Operation, Owens-
boro, Ky., to develop new electronic
components. He had been Engineering
Manager of the General Electric X -
Ray Dept. in Milwaukee.

M. A. Edwards F. A. Morris

Frank A. Morris is now Acting Di-
rector of Engineering in Stromberg-
Carlson's Products Div., Rochester,
N. Y.

Dr. John L. Grigsby has joined Ap-
plied Technology, Inc., Palo Alto,
Calif., as Chief Engineer. He was
formerly with the Stanford Univ.,
Applied Electronics Lab.

Neil A. Marshall has been ap-
pointed Chief Engineer of the Special
Products Div., Leach Corp., Compton,
Calif.

Quinn Gow has been appointed
Chief Thermal Engineer for The
Zippertubing Co., Los Angeles, Calif.

Francis L. Jackson has been named
Assistant Director of the Franklin
Institute Labs., Phila., Pa.

Eugene N. Torgow has joined the
Engineering Div. of the Polytechnic
Research & Development Co., Inc.,
Brooklyn, N. Y., as a Department
Head of Special Products.

Howard T. Sterling is now Chief
Engineer of the EPSCO, Worcester
Div.
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A Full Four -Digit Voltmeter at a Pointer Meter Price!
VI OR 4 0,CITAL VOLTMETER

0 0 41)

FOR THE FIRST TIME you can have the accuracy, speed and reliability of an NLS digital volt-

meter with full four -digit resolution . . . for the price of a quality pointer meter. That's the dramatic

story of the new NLS V64! Only NLS high -volume production techniques make it possible. Use the

low-cost, versatile V64 for a wide range of measuring jobs. See the V64 in action ... contact NLS today!

BRIEF SPECIFICATIONS: Accuracy ± (.02% of reading plus 1 digit) . . . full 4 -digit resolution ... measures DC voltages from one

millivolt to 500 volts in steps of ±9.999/99.99/500.0 . . . one package design (51/4" high, 151/4" deep for 19" rack) . . . plug-in acces-

sories permit measuring AC or low-level DC voltages . . . available from stock for immediate delivery.

Originator of the Digital Voltmeter

non-linear systems, inc.
DEL MAR (SAN DIEGO), CALIFORNIA NLti the Digital Voltmeter That Works . And Works ... and Works!
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Microwave Component News
from SYLVANIA

Lower relay equipment
operating costs with

new Sylvania Klystrons
Metallurgical and processing

improvements mean superior life
and performance

Sylvania's research and production capabilities have pro-
duced a series of klystrons that promise to surpass earlier
types in performance.

Sylvania's klystrons have the following features:

Improved high - temperature glass seal -
this permits higher bake -out temperatures and gives a
lower gas level. The resulting tubes have a life expectancy
of 10,000 hours, 2,000 hours longer than competitive types,
and better shelf life. This means lower operating costs for
relay link equipment.

Purer metals and materials - the premium
quality metals used in these tubes, combined with new,
exacting processing techniques permit higher bake-out
temperatures and result in longer trouble -free operation
with low gas levels.

Superior performance - full coverage from 5925
to 8100 mc with 1 watt nominal output power. Most of
these tubes have a minimum electronic bandwidth of 28 mc.

Sylvania klystrons will give you added cost savings
because of their longer life and fewer early -life failures.
Send for the data.

SYLVAN
Subsiakwy or GENERAL TELEPHONE & ELECTRON/CS ;A)

Sylvania Electric Products Inc.
Special 'lithe Operations

500 Evelyn Ave., Mountain View, Calif.

K-4160, shown approx. 1/3 actual size.
Fins facilitate forced -air cooling.

K-4186, shown approx. 1/2 actual size.
Flange connects to heat sink.

Forced Conduction
air cooled cooled Frequency

K-4035 K-4189. .. .5925-6225 mc
K-4162 K-4188 . . . . 6125-6425 mc
K-4202 K-4187. . . .6425-6575 mc
K-4161 K-4186. . . . 6575-6875 mc
K-4034 K-4185 . . . . 6875-7125 mc
K-4160 K-4184 . . . . 7125-7425 mc
K-4033 K-4183 . . 7425-7750 mc
K-4036 K-4182 . . . .7750-8100 mc
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insight

at

4

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

brush INSTRUMENTS
DIVISION OF

37TH AND PERKINS CLEVITE
CO.PORTiOws

CLEVELAND 14, 01-110



in direct

writing

systems

only Brush

eliminates
compromise
Avoid a "second best" choice. Get exactly what you need. Only Brush permits
selection of . . . Writing Method . . . ink, electric or thermal . . .

Trace Presentation . . . curvilinear or rectilinear . . . Configuration . . . vertical or
horizontal, rack mounted or portable models. Also . . . chart speeds from
50"/sec to 10"/day . . . functionally designed control panels . . . readily accessible
components for fast inspection, simple adjustment . . . complete, easy to understand
operating manuals. Get the industry's most advanced design concepts. You never need
compromise when you specify Brush. Complete information at your request.

brush INSTRUMENTS
DIVISION OF

37TH AND PERKINS CLEVITE
CORPOWA,Om

CLEVELAND 14, OHIO



MOS
SPACE ELECTRONIC ISSUE

 THE CORIOLIS EFFECT
To the earth bound observer, a body having velocity does not travel in a straight line. It veers off to
one side under the influence of an apparent force called Coriolis. This article assists in getting an
intuitive grasp of this classic effect.

 SUPER POWER MICROWAVES AND SPACE PROBLEMS

Space platforms can be of great importance because they permit broad -band reliable communications
of various kinds. They also provide an observation platform, means for a stable optical beacon, radar
support structure and an optical observation post. Here are the results of calculations to the problems
of space communications and radio transmission of power.

 STRUCTURAL FEEDBACK FILTER NETWORKS FOR ROCKET CONTROL

Structural feedback in a large rocket is a potentially disasterous situation. The conditions which produce
it do not often come to light until the design is established and a dynamic analysis made. Under these
circumstances the most practical corrective measure is the addition of an RC filter in the control system.

 SPECIAL EDITORIAL STAFF REPORT

The New Space Decade . . . as Viewed at Hughes Aircraft Company, Calif.
During the past ten years the electronic industries have developed systems and devices for the military
that have been instrumental in making possible the most advanced tactical systems known. Scientific,
engineering and production facilities within the industry have conceived, developed and produced tech-
nology and hardware which is now the basis for our military preparedness in manned aircraft and
missile systems.

Today the electronic industries are experiencing a transition; the change of thinking from the require-
ment for more advanced manned aircraft and "ordinary" missiles, to the challenge of conquering space.
The change of thought has not occurred within the industry, but among the industry's best customers.
Our challenge in space thus becomes a responsibility for demonstrating that the electronic industries
have within established facilities, the ability to advance successfully into the age of space.

Scientific and engineering capability within these facilities eliminates the necessity for establishing new
and duplicating efforts for the purpose of extending what we already have gained in knowledge and
experience.

PLUS OTHER SPACE ELECTRONIC FEATURES
AND ALL OUR REGULAR DEPARTMENTS

Our regular editorial departments are designed to provide readers with an up-to-the-minute summary of
world wide important electronic events. Don't miss Radarscope, As We Go To Press, Electronic Shorts,
Coming Events, El Totals, Snapshots of the Electronic Industries, El International, News Briefs, Tele-Tips,
Books, Rep News, International Electronic Sources, Personals, Industry News, etc.

Watch for these coming issues
* JUNE  18th Annual (Verified) Directory & All -Reference Issue
* AUGUST

Annual WESCON Issue
* NOVEMBER * JANUARY
Annual Microwave Issue Statistical Issue
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New concepts and capabilities in solid state devices
"Growing" radio receivers, amplifiers, from pools

of molten semiconductor materials-termed possible

Molecular Electronics

DECENTLY U. S. Air Force and Westinghouse
Electric Corporation officials demonstrated how the

startling new concept of "molecular electronics" may
revolutionize the electronic industries and extend
man's reach into space.

In taking the wraps off a status report, Westing-
house and Air Force representatives showed a variety
of working sub -systems which are vastly more reliable
and as much as 1000 times smaller than the most ad-
vanced electronic devices in use today.

Fig. 1: This molecular electronic audio amplifier has an output of
5 watts when a heat sink is used. Amplifier is the black device
on the right; on left is a preamplifier. Frequency range is 0 to 20 KC.

New systems, employing these concepts, they said,
could be operational in missiles or satellites in three
to four years to perform such functions as telemeter-
ing light intensity or radiation levels back to earth,
and providing infrared detection and reconnaissance
information, flight guidance and communications.

Col. W. S. Heavner, USAF, chief of the Wright Air
Development Division's Electronic Technology Labora-
tory, Dayton, 0., said that "we expect Westinghouse
will accelerate work on this program to prove the
feasibility of a `molecularized' radio receiver.

"The Air Force also hopes to find ways for molecu-
lar electronics to contribute to bio-electronics-this
being the ability to simulate the superior biological
capabilities found in the animal kingdom. For in-
stance, we may be getting a step closer to duplicating
the magnificent performance of the human brain."

To show the feasibility of a molecular electronic
amplifier sub -system, Dr. S. W. Herwald, Westing-
house vice president in charge of research, demon-
strated an amplifier used in a high fidelity phonograph
in which the pre -amplifier was the size of a match -
head and the power amplifier was smaller than a dime.

"If this can be accomplished now, it isn't difficult
to foresee development of a complete communications
receiver the size of a pea within a few years," he
said. Later he showed a "countdown switch," a sliver
of germanium the thickness of a toothpick which
would make it possible to monitor more effectively the
pre -launch check-out of a missile.

"The concept of molecular electronics, in effect,
`leapfrogs' over current attempts to make electronic
systems smaller and more reliable," Dr. Herwald said.

Col. Heavner pointed out that "it appears that the
majority of present day military electronic equipment
requirements can be satisfied with molecular elec-
tronics which will reduce size and weight and improve
reliability."

"When this happens," he declared, "the use of many
low -power conventional, standard component parts will
greatly diminish and eventually disappear because



Fig. 2: Three function blocks representing subsystems: (top) a two -
stage video amplifier; (center) a free running multivibrator; and,

(bottom) the device with the concentric arcs, an audio amplifier.

molecular electronics demonstrated today has elimi-
nated such components as resistors, capacitors, diodes
and transistors."

Col. Heavner also said, however, that "as revolu-
tionary and dynamic as this new technology seems to
be, it probably will not replace all of the present con-
ventional electronic component parts."

To construct molecular electronic sub -systems, Dr.
Herwald said Westinghouse scientists first determine
the desired electronic functions to be performed and
then build these functions into a single piece of semi-
conductor material such as silicon or germanium. By
such techniques as plating, etching, and alloying, the
structure of the tiny solid piece is arranged to per-
form the identical functions that now require many
individual components which have to be soldered to-
gether.

"For example, this phono-amplifying system has
only eight soldered connections between the turntable
and the speaker," Dr. Herwald explained. "A conven-
tional phono-amplifier has perhaps eighty. Any one
of these soldered connections can be a source of fail -

u re.
"Today, we are dealing with a technological para-

dox," he continued. "As we add electronic equipment
to air and space craft to make these vehicles more
versatile and intelligent, the risk of failure among

their components and connections increases. Further-
more, it becomes more and more difficult for the de-
signer to meet the weight and volume requirements
for the necessary electronic gear."

The Air Research and Development Command
awarded Westinghouse a $2 million contract last
spring that made possible the rapid development of
these sub -systems as a result of new basic knowledge
of semiconductor materials. This knowledge has en-
abled Westinghouse scientists to develop a method of
growing semiconductor crystals in which the basic
material will be used. The new technique, a radical
departure from existing methods, grows the crystals
in the form of long, thin, near -perfect ribbons, or
dendritic strips. The dendrites can be incorporated
into finished semiconductor devices without inter-
mediate material processing of any kind.

"By this new technique," Dr. Herwald declared,
"our scientists have 'grown' multi -zone crystals, which
provide the basic building blocks required in molecular
electronic systems. We call such basic units 'func-
tional electronic blocks,' each one of which is a com-
plete functioning electronic sub -system. Eventually,
we believe it will even be possible to automatically and
continuously produce actual electronic equipment, such
as radio receivers and amplifiers, starting from a pool
of molten semiconductor materials."

As one accomplishment of the joint program, we
are now producing a variety of molecular electronic
"function blocks," three of which are shown in Fig. 1,
as solid-state elements that achieve, entirely within
themselves, electronic results such as have been gained

Fig. 3: A light tel-
emetry subsystem
showing extent of
circuitry required
when electronic
tubes are used.

Fig. 4: Same subsys-
tem as shown in Fig.
3 but using transis-
tors instead of tubes.

Fig. 5: The same
system as shown in
the preceding two
illustrations, but this
time the system uses
a molecular elec-
tronic element.

YESTERDAY'S A/0E0SM CA CIRCUITS
WOW TE,EvefLA.....-5,17101,

TODAYS MODERN PHILOSOPHY OF CIRCUITS
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Molecular Electronics (Continued)

only by assembling many, varied items of electronic
hardware. Because of this, these elements are not
intended as "components," as we think of transistors
and tubes. This ability of molecular electronics to
reduce the number of components and connections re-
quired is illustrated by a comparison of three designs
for a light telemetering subsystem, Fig. 2. When
designed to use electronic tubes, this subsystem re-
quired 16 components and 18 soldered connections;
when designed to use transistors, it required 14 com-
ponents and 15 connections. In contrast, a molecular
electronic subsystem to achieve the same purposes,
now needs but one component and two connections.

Also, because their internal functions involve dis-
tances of the order of a few atomic spacings, these
function blocks are almost microscopically small and
virtually weightless. For example, weight of the
light telemetry subsystems was reduced from about
one ounce to one quarter of an ounce, the weight of
the monolithic element to about seven ten -thousandths
of an ounce.

Eight classes of function blocks to demonstrate the
feasibility of molecular electronics at frequencies
ranging from infrared to direct current have been
developed. These function blocks are: (1) 5 -watt

rials, to bring about such phenomena as rectification
or amplification, as in diodes and transistors. Also,
there is the ability of radiation to cause charge paths
to occur in a semiconductor material along which
current will flow when the material is irradiated.

Effects of this general type are used in molecular
electronic blocks by creating-usually in single crys-
tals-a number of distinct operative domains, which
can be regarded as molecular "communities" having a
common civic purpose, in that each domain will sus-
tain a desired electronic occurrence. The domains
border one another at boundaries called interfaces,
which are like political frontiers in their ability to
initiate phenomena different from those occurring in-
side the molecular domains.

As a simple example in the element diagrammed in
Fig. 3 we see that it is composed of two domains which
meet physically at one interface. One of these domains
is composed of a resistive material selected and shaped
to present a resistance R1 to the passage of current;
the other domain is also resistive, but is so planned
that it has a resistance R2. At the interface, the inter-
action between domains causes a capacitive effect.
Thus, in one tiny element we have a subsystem equiva-
lent to a time -delay circuit.

Another illustration of the uses of domains and
interfaces is a function block designed as an ac -to -dc
power supply for transistor circuits. It makes use of
the Seebeck effect for the thermoelectric generation of

Resistive Domain A
/ (Resistance of RI)

Interface
"4--- providing capacitive

effect

Resistive Domain IS
(Resistonce of R2)

Fig. 6: Function block of two resistive domains and one capacitive
interface, whose total effect is that of an RC or time -delay circuit.

110VAC

POWER TRANSFORMATION

1110 VAC

9VDC. I

0-0- RESISTIVE DOMAIN

INSULATING DOMAIN

THERMOELECTRIC DOMAIN

MOLECULAR DOMAIN
TOPOLOGY

Fig. 7: AC to dc power supplies show I I) molecular element with its
various domains, and 121 method using the conventional components.

-0 9 VOC

CONVENTIONAL COMPONENT
TOPOLOGY

directly cascaded audio amplifier, (2) two -stage video
amplifier, (3) frequency selective amplifier with notch
filter in a feedback loop, (4) variety of multivibrators
-bistable, monostable and astable. (5) variable poten-
tiometer based on logarithmic addition of two inputs,
(6) a variety of multiposition switches (including an
"OR" switch, a multiple NPNP Dynistor switch, and
a multiple NPNP Trinistor switch with firing elec-
trode), (7) analog -to -digital converter employing an
NPNP relaxation oscillator, (8) two -stage cooler,
employing the Peltier effect, covering frequencies
from 1 cps or less to 3 mc, for cooling infrared detec-
tors to proper operating temperatures.

As the basis for these molecular electronic subsys-
tems, there is a very substantial knowledge of solid
state phenomena developed over the past 30 years.
It is simple now to create materials having excessive
positive or negative electrical charges and, by placing
these materials in physical contact with related mate-

electricity to convert 110 -volt alternating current to
9 -volt direct current power. In contrast, the conven-
tional circuit, Fig. 4, requires five individual compo-
nents-a transformer, a diode, and the inductive and
capacitive elements making up the LC filter circuit.
To accomplish this same purpose with molecular elec-
tronic methods, we have a function block comprised
of the three separate domains. When a -c power is
applied to the resistive domain, the heat that is gen-
erated passes through the domain at the center-this
domain is an electrical but not a thermal insulator-
and into the theroelectric domain where the energy is
converted into electrical energy by the Seebeck effect.
By proper control over the materials used, we provide
the 9 -volt d -c output we desire. An interesting aspect
of the power supply is that elimination of ripple as an
undesirable variation in voltage is inherent since heat
flows from the resistive domain to the thermoelectric
domain at practically a constant rate.
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As these two examples suggest, the concept of
molecular electronics makes no use of the traditional
circuit -and -component approach to electronics. In-

stead, the objective is to use our knowledge of the
structure of matter to synthesize monolithic function
blocks whose arrangement and composition permit
each to serve as a substation to perform an electronic
function in the control or transformation of energy.

To achieve function blocks with this capability, a
number of effects and phenomena of the solid state
are available. The only firm limitations on choice are
that the effect must not react adversely on system re-
liability and must lend itself to consistent results
when included in a function block. Methods typical
of practice so far include: solid-state phenomena, such
as Seebeck generation, Peltier cooling, and Hall -effect
multiplication; the use of PN semiconductor junctions
arranged to produce a result which would otherwise
require numerous individual components ; and when
necessary, fabrication of circuit elements within a
function block. Although such phenomena will be
most often used for the control of electrical signals,
they will also be suitable when quantities like elec-
tromagnetic radiation, heat, and mechanical displace-
ment are inputs or outputs.

The design of a subsystem begins with the design-
er's analysis of the requirements of the system, to es-
tablish the functions to be performed by the function
block. After logic processes are determined and suit-
able physical effects settled upon, a topologist-a
mathematician who works with shapes-determines
the structure of the block by designing, on paper, the
arrangement of domains and interfaces that is to
control the flow of energy in the block. The block is
then produced by the materials engineers who use
germanium and silicon as the basic semiconductor
materials.

In producing these blocks we start with a basic
semiconductor wafer and produce the necessary do-
mains and interfaces by techniques used in the produc-
tion of conventional semiconductor devices, including
diffusion, plating, electron beam machining, etching,
cutting, radiation, alloying, and photographic proc-
esses. Although the function block so produced can
now perform its function, additional processing steps
are required to encapsulate the block, protect it
against shock and vibration, and make it stable under
the conditions of temperature and radiation it will

encounter.
As observed, the dominant theme, the essential phil-

osophy of molecular electronics is that we can now
create, modify, and process materials to endow them
with the ability to accomplish electronic tasks through
solid-state phenomena. The foundation of success has
been our ability to develop new materials and to proc-
ess available materials in new ways.

A REPRINT
of this article can be obtained by writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES, Chestnut & 56th Sts., Phila. 39, Pa.

Fig. 8: Ribbon bearing multiple junction systems on germanium crys-

tal produced by dendrite process. Three systems are shown on ribbon.

One important illustration of the contributions
made by materials scientists is the development of a
method for the rapid production of semiconductor
crystals in a form that requires no removal of mate-
rial to make them into suitable wafers for use as
transistors or as the basic elements of molecular elec-

tronic elements. This is the dendrite process an-
nounced several months ago, in which germanium
crystals in the form of ribbons about one -eighth of an
inch wide and a few thousandths of an inch thick,
are produced by drawing them from a molten mass.
In contrast, in the conventional method, germanium
crystals are grown as thick ingots, or boules, which
require X-ray or crystallographic inspection before
they can be sawed into precisely oriented wafers and
then must be lapped, etched, and polished to obtain
a satisfactory working surface. In addition to the
waste of material and the cost of machining involved
in the standard method, a serious disadvantage to its
use for the production of molecular electronic blocks
is the wide variation in characteristics frequently
displayed by wafers, even by those cut from adjacent
regions of a single ingot and processed identically. In
the production of transistors, this difficulty can be
circumvented by testing a production run to select
those with proper values. In molecular electronics,
however, it is necessary to build junctions in adjacent
portions of the same crystal; thus it is essential to
have materials whose characteristics are uniform if
the yield is to be acceptable.

Other advantages of this dentritic method of im-
portance to molecular electronics are these:

It is essentially a continuous process in which the
germanium ribbon grows at a rate of 6 to 12 in./min.
and in the precise direction of crystal growth we re-
quire for application. Thus, no X-ray or crystallo-
graphic examination is necessary, and the surfaces of
the ribbon are always correctly oriented, optically
flat, and immediately usable as working surfaces. An
additional advantage is that if a contaminant enters
the melt during the process, the resulting inclusion is
"self -healing" so that when the process is completed,

(Continued on page 270)
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Many pieces of airborne equipment
their accuracy on rigid control of the alternator

power supply frequency. This new system
holds the frequency within 0.4 cps at 400 cps

a line frequency signal and a precise reference
frequency through an electrical differential.

For Military Equipment ...
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Fig. 2: Block diagram
of control system

By HARRY ETCHES,
Project Engineer,
AiResearch Mfg. Co.,
Division of The Garrett Corp.
402 So. 36 St.
Phoenix, Ariz.

Frequency

(PRIME MOVER)
GAS TURBINE

GOVERNOR
I TIM

THE increasing military a -c power requirements,
especially in aircraft, have created problems of

frequency control, balancing of load between alterna-
tors, paralleling, etc. Similar problems are encountered
at remote power plant installations ; that is, with mul-
tiple alternator power sources that do not tie in to
the large commercial power networks. With military
power supplies, the problem of maintaining line fre-
quency within rather close limits is becoming more
important as an increasing amount of electronic
equipment is used, some of which depends upon an
accurate control of frequency for proper operation.

To illustrate, equipment incorporating various
cathode ray displays rely upon line frequency to ob-
tain timing traces. Synchronous motor types of equip-
ment also depend upon frequency control for accuracy.
In commercial operation accuracy is achieved by a
time -average approach. That is, over a period of 24

hrs., for example, line frequency can be adjusted so
that the average frequency for the period is 60 -cycles.
In addition, the vast mass and capacity (running to
many hundreds of thousands of KVA) of the tied -in
networks tend to maintain stable bus conditions. With
military installations, the time -average frequency con-
cept cannot be accepted because the instrumentation
requirements are for short term steady state fre-

Fig. 3: Error detector supplied
C -M Laboratories, Chicago, Ill.

A REPRINT

of this article can be obtained by
writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES

Chestnut Cr 56th Sts., Phila. 39, Pa.
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quency accuracy and, again, the average installation
may provide a matter of only a few KVA to a few
hundred KVA. Thus, there is little system mass to
provide stabilization.

Since multiple alternator power generating units
are more frequently being used, the automatic paral-
leling and load sharing of these units is of importance.
Paralleling can be accomplished only if accurate fre-
quency can be maintained. Open loop mechanical and
electrical control systems used for maintaining the
speed of the prime mover allow too wide a frequency
drift, and in turn unsatisfactory paralleling and load
sharing.

Circuit Description

This Fine Speed and Load Sharing Control System
provides an electrical and electronic means for pre-
cisely maintaining steady-state line frequency (Fig.
1). This is achieved by nulling a line frequency signal
and a precise reference frequency through an electrical
differential. Because the concept involves the use of
an isochronous governor, provision is made for a
temporary 1 -cps droop as a paralleling aid. Load shar-
ing is achieved through a load sensing element as a
part of a real power computer rather than depending
upon a drooping speed-load characteristic of the prime
mover, since with fine speed control this type of char-
acteristic does not exist. AiResearch approached the
problem of prime mover failure protective devices by
analyzing the types of failure and determining the
effects upon the system. In general, it was assumed
that failures could be grouped under two headings;
the runaway type, and the seizure type. Positive and
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Frequency Control (Continued)

negative power detection circuits were developed which
provide system protection for both types of failure.

Based upon these concepts, a series of controls was
developed to maintain line frequency within close
limits. In addition, these controls can provide the
means for automatic paralleling, load sharing, as well
as providing failure protection under both runaway
and stalling conditions.

The specifications for one type control system pro-
vide that the average steady state frequency with a
60 KVA load be maintained at 400 -± 0.4 cps. This is
equivalent to -± 0.1%. In addition, the alternator
frequency is maintained at 400 ± 1.0 cps. within 0.8
secs after the application or removal of 60 KVA load.
These tolerances are held under all environmental con-
ditions listed under MIL -E-5272.

Frequency Error Defector
Fig. 1 shows schematically the Frequency Error

Detector arrangement. Accuracy of control is achieved
by the null method. A precise frequency reference
signal is generated and amplified sufficiently to drive
a small synchronous motor. Bus voltage is supplied
to a second synchronous motor. Any difference in the

frequencies to the two motors will result in a differ-
ence in movement of the two output shafts which is
proportional to the difference in frequencies and is,
therefore, a measure of the frequency error.

Commonly, such differential movement is conveni-
ently coupled by gear type differentials to produce
movement of a single output shaft which is a function
of the error. Working with the G -M Laboratories of
Chicago, Illinois, AiResearch came up with an Error
Detector which has no differential gearing. Instead,
an electrical differential approach has been used. Dia-
grammatically, this is shown in Figure 3. The two
synchronous motors are still used. The stator of one
motor is fixed to the housing. However, as can be
seen, the rotor of this first motor is rigidly coupled
to the "stator" of the second motor. The latter stator
is ball bearing mounted and so is free to rotate with
the rotor of the first motor. Electrical connections
to this rotating stator are made through slip rings.
The rotor of the second motor can rotate in the mov-
ing stator in a normal manner. If the frequency of
the reference signal is identical with the line fre-
quency, the movement of the rotating stator is equal
and opposite to the movement of the rotor with the
result that there is no movement of the output shaft.
Any frequency difference between reference source
and line will be reflected in output shaft movement.
If the line frequency is higher than reference fre-
quency, the rotor rotates faster than the stator, and

Fig. 4: Schematic, showing real power computer, failure protection and notch filter
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the converse is true if the line frequency is less than
reference frequency. Thus the output shaft velocity
is a function of frequency difference and is propor-
tional to that difference. If a potentiometer shaft is
connected to this output shaft, an error signal is
produced which is a rate of change of output voltage
proportional to the difference in frequency.

Warm -Up Delay

To ensure immediate accuracy of the frequency
reference, present units require somewhere between
20 and 30 secs warm-up. Consequently, prior to start-
ing the prime mover, provision is made to switch on
this component separately. Likewise, to ensure im-
mediate operation of the error detector after release
of the brake by the 95% speed switch, relay K8 ap-
plies power to the error detector. Time delay relay
K4 is activated by the 95% speed switch to release
the brake. Time delay is required to allow the prime
mover to get from 95% speed to approximately 100%
speed before switching to Fine Speed Control. This
reduces transients in the control system. When relay
K3 pulls in, the coil circuit for time delay relay K4 is
opened permitting it to cool off and so maintain sub-
stantially constant delay time whenever it is used.

Relay K5 aids in paralleling. Assuming that the
alternator frequency is 400 cycles, when K5 is ener-
gized by an external contactor, the error detector
brake is applied and a resistor is put in the circuit
of the follow-up and error potentiometers. In effect,
this establishes an unbalance which is corrected by
movement of the trim actuator. This movement pro-
duces a 1 -cps droop for as long as the contactor holds.
When the alternator parallels, the external contactor
is opened, de -energizing K5 and 400 -cycle control is
resumed.

Several additional conditions must be considered.
For example, if the control is allowed to be active
when the prime mover is shut down, the error signal
will increase to the maximum, asking for an increase
in speed. Thus, when the prime mover is restarted,
the control would be still at the maximum error posi-
tion. The increase in prime mover speed being very
rapid, the return of the error detector from maximum
displacement would be slow in comparison resulting
in overshoot and hunting. This is eliminated by the
incorporation of an electro-magnetic brake which is
applied to the output shaft simultaneously with shut-
down. The error detector is therefore maintained at
a setting near the correct frequency operating point.

In a typical installation, a "95% speed" switch act-
ing through a time delay relay provides for the re-
lease of the brake automatically upon starting at a
period in the speed events which is such that control
is without significant overshoot or hunting.

Error Signal
The error signal is d -c. This was selected because

it was readily used for the input of either magnetic
or transistor amplifiers to drive the two-phase motor
of the trim actuator. For this discussion, the mag-
netic amplifier will be considered.

In Fig. 4 it can be seen that this d -c input is ob-
tained from the wipers on the error detector potenti-

Fig. 5: Governor trim
actuator assembly

ometer and the follow-up potentiometer (which is
part of the trim actuator assembly see Figure 5.

This d -c signal (which can be plus or minus or
zero) is fed into a 2 -stage, half -wave magnetic ampli-
fier. The output has both a -c and d -c components but
the capacitor C-9 blocks the d -c. Therefore only a -c
is supplied to the control winding of the trim motor.
The reference winding of the motor is supplied from
the 400 -cycle bus. The change in phase relation of
the control winding provides the necessary reversing
rotation of the trim motor to maintain the precise
governor adjustment to insure accurate speed control.
If the input to the amplifier is zero, the trim motor
receives no signal and there is no movement. Al-

though the full voltage rating of the trim motor con-
trol winding is 57.5 volts, the design is such that a
signal voltage of 8 to 10 volts will cause rotation. A

signal of this magnitude will maintain line frequency
control within the rated 0.1%.

Paralleling & Load Sharing
Generally, the load requirements are such that the

operation of all alternators is not required. Assuming
that the correct phase relationships between all al-
ternators in the system have been established, the
prime considerations when load demands call for
paralleling an additional alternator are that the fre-
quency of the added unit exactly match that of the
line, the voltage equal that of the line, and that the
added unit assume its share of the load. The mere
placing of the alternator on the line does not assure
load sharing as it could "float" on the line.

Commonly, the operation is controlled by a governor
which gives the prime mover a drooping speed -load
characteristic. Since paralleled alternators are es-
sentially synchronous machines, any difference in the
speed -voltage relationships between units on the line
will produce circulating currents which tend to pull
the machines into synchronization. The drooping
characteristic of the governor, therefore, is used to
assure load division between alternators. With an
isochronous governor of the type used with the Fine
Speed Control, there is no drooping characteristic.
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Frequency Control (Continued)
Consequently, other means must be provided to ensure
load sharing. Figure 6 shows that each alternator has
a current transformer sensing one phase. This pro-
vides an input for the Real Power Computer, the out-
put of which is a separate input to the Governor trim
actuator amplifier. Thus, the actual input signal to
the magnetic amplifier is a composite of the signals
from the frequency control channel and the load divi-
sion channel. This assures that a newly paralleled
alternator not only has exactly line frequency but
also that it assumes its share of the load. To prevent
circulating second harmonic components from the
magnetic amplifier which could upset the control, filter
chokes are incorporated in both amplifier inputs.

Alternator Speed Differences
The electrical coupling between paralleled alterna-

tors admits the possibility of there being slight dif-
ferences in alternator speed, and introduces the pos-

sibility of the rotor of one machine tending to move
away from what could be called its normal relation-
ship with other rotors. This will result in a current
circulating between the machines in such a direction
as to pull the rotor back to its normal relationship.
In other words, there is a tendency for electrical os-
cillation which is at a different frequency than the
generated line frequency. This secondary frequency
is usually very low. One system analysis indicated
that 9 -cycle signal would be present when generating
the required 400 -cycle potential if more than one al-
ternator was operating. From a control standpoint,
the presence of this 9 -cycle signal is highly undesir-
able because it will upset the load division control.
It was found that this could be eliminated by inser-
tion of a specifically designed balanced notch filter in
the Load Division channel between the Real Power
Computer and the input to the Trim Actuator ampli-
fier as shown in Fig. 4. Fig. 4 also shows the protec-
tive circuitry incorporated to protect against two
types of equipment failure. The explanation of the

Fig. 6 Control system for four alternators, each of which is driven by a turbine prime mover
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protective circuits starts with the establishment that
a failure condition exists. It will be assumed that the

failure is of a type which tends to drive one alternator
overspeed (over frequency). The alternator of the
faulty unit tends to assume all the line load and in
addition drive the other alternators as motors. It is
said, therefore, to be operating under "positive" power
conditions. The alternators acting as motors are said
to be running under "negative" power conditions.

Frequency Sensor

The frequency sensor is adjustable (within limits)
and the actual setting is determined by the system
requirements. A tolerance of ± 5 cps is usually estab-
lished for the actual setting. Under the positive
power, over -frequency type of failure, the contacts of
the frequency sensor close providing power to open
relay K7. The latter relay has normally closed con-
tacts, individual pairs of which are in parallel with
the normally closed contacts of relay K2 which is in
the control package for individual alternators. K2
is in the positive power circuit so that for the alterna-
tor which is showing positive power of the magnitude
determined as a failure, the normally closed contacts
will have opened.
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Mechanical Seizure

A second type of failure can occur which tends to
slow down the alternator. This can be caused by
mechanical seizure in the prime mover or control
failure.

In this situation, the other alternators tend to drive
the defective unit which, in effect, is absorbing power
and a "negative" power condition is said to exist.

If the failure condition is partial so that the al-
ternator negative power is appreciable but not suf-
ficient to trip the line circuit breaker, it is desirable
to remove this alternator from the line. To perform
this protective function, a negative power circuit has
been incorporated which operates in a manner similar
to the positive power protection circuit except that a
frequency sensor is not employed. A time delay relay
in the negative power circuit prevents transient con-
ditions from opening the line circuit breaker and cut-
ting the alternator off the line.

Representative of this series of control systems is
one designed for four alternators each of which is

Fig. 8: Typical gas turbine generator application

driven by a turbine prime mover. This system is
shown schematically in Fig. 6. For convenient ref-
erence, the alternators are designated Nos. 1, 2,

3, and 4. With all four alternators on the line, No.
1 is considered the "Master" alternator and the others
are "slaves." The heart of the system is the Fre-
quency Error Detector and Fine Speed Control. The
assignment of the Frequency Error Detector to a
particular alternator makes this unit the "Master"
or controlling unit. This assignment is automatically
accomplished by relays K9, K10, K11, and K12. If
No. 1 alternator is shut down, alternator No. 2 auto-
matically becomes the master, if it is operating.
Otherwise the Master is No. 3 or No. 4 whichever
is the lower number in operation. As other units are
paralleled, control is automatically transferred to the
lowest number alternator in operation.

For this particular system, a single frequency ref-
erence and error detector is used for control of all
alternators. Another system requires that the in-
dividual alternators be operated and controlled inde-
pendently of each other. Here, a single frequency
reference is used with individual error detectors.
Thus the components are flexible and the systems can
be adapted to many different requirements.

The dynamic response of such an AiResearch sys-
tem is shown in Fig. 7. Here the application of or
removal of 60 KW loads is representative of a condi-
tion equivalent to instantaneously removing or apply-
ing the rated capacity on one alternator. The curve
indicates that within 0.8 seconds, the frequency has
been brought within 1 cps of the nominal 400 cps.
Fig. 7 also shows the 1 -cps droop which can be intro-
duced as a paralleling aid.

Fig. 9: Fine speed
control assembly

* * *
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of this article can be obtained by
writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES

Chestnut & 56th Sts., Phila. 39, Pa.

Little over a year has passed since the tunnel diode was first
reported by Esaki. But, recognizing the tunnel diode's potential,
the semiconductor industry has swung info serious
application development. This article presents some general
considerations on their use as amplifiers.

First of a new Design Series

Points to consider when ...

Using the Tunnel Diode

AGERMANIUM tunnel diode, the ZJ-56, is in devel-
opment at General Electric. It uses the quantum

mechanical tunneling phenomenon', 2 to attain a
unique negative conductance "S" characteristic.

The tunnel diodes, 2.3, 4 is a single P -N junction
diode with a negative conduction region when "for-
ward" biased. It is highly conducting when "reverse"
biased.

The negative conductance region results when the
excessively high current at low forward voltages falls
to somewhat above a normal P -N junction value at a
higher forward voltage. The tunnel diode tends to be

Fig. 1: The current at point C is greater than the sum of the minority
and majority carrier currents and is called the excess current.
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By ERICH GOTTLIEB
Semiconductor Products Dept.
General Electric Co.
Syracuse, New York

a high current, low voltage device. Further, it has a
large negative conductance joining the two regions of
large positive conductance. Fig. 1 shows a typical
characteristic.

The tunnel current consists of majority carriers.
The normally expected diode forward "injection" cur-
rent, made up of minority carriers, becomes prevalent
only towards the end of the negative conductance part
of the curve, point C. A current greater than the
sum of the minority and majority carrier currents
at that point can not be fully explained. It is called
the "excess current."

For a given fixed peak point current therefore, the
highest /p//v ratio would theoretically be most de-
sirable. The ZJ-56 with a maximum peak current of
1.1 ma. has a minimum /p//v = 8; therefore, a maxi-
mum excess current of approx. 138 p.a.

The peak and valley point voltages are fixed by
the semiconductor material used. For germanium
these values would be about 50 my and 350 my; for
silicon, 75 my and 450 my.

The magnitude of the negative conductance is
equal to the slope di/dv, and for the ZJ-56 would be
0.01 typically (small signal). Being basically a for-
ward biased diode, the equivalent circuit of a tunnel
diode contains some capacitance. Its leads and inter-
nal structure present series resistance and induc-
tance. The manufacturing process, package and struc-
ture, have been designed to minimize series resis-
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Tracings of the tunnel diode characteristic curve and also its dynamic characteristics. Views are similar to Figs. 1, 6, & 7.

tance and inductance as well as distributed capaci-
tance. Fig. 2 shows the simplified equivalent circuit
of the tunnel diode.

The resistive cut-off frequency* of such a device
is given by:

1Gdi 1
=

2 r C 1GA
1

Therefore this device will remain "active" up to
about 3.2 KMC for a 5 µRI unit, or up to approx.
1.6 Kmc for a 10 lig device.

Curve Tracing

When observing the V -I characteristics on a scope,
part or all of the negative conductance exhibits an
oscillatory condition. This latter is caused by the
presence of excessive inductance in the test circuit
resonating with the capacity of the diode at some
very high frequency. If the total test circuit induc-
tance were such that the circuit resonant frequency
were higher than the resistive cut-off frequency, this
oscillation would not exist. The inductive resonant
frequency** of the device itself is given by :

1 1 y2d
ro =

2 r 11 LC C2

for the ZJ-56,

1 II 1 10-4

2 v 6 X 10-9 X 7 X 10-12 49 X 10 "

750 Mc

Although the self -resonant frequency of the device
is lower than its inherent cut-off frequency, the latter
is automatically reduced by any circuit resistance
such as the load and generator resistances. Since
external circuit resistance can be considered to be
essentially in series with R8, it would take only 50
ohms to reduce fp° by about 10:1, as the term under
the radical becomes unity. Of course, care must be

taken that the resultant additional circuit inductance
does not drop fo by the same order of magnitude.

Since most oscilloscopes have too much series re-
sistance, they will not show the entire V -I char-
acteristic as the device is caused to switch over the
negative conductance region. A simple curve tracer
circuit, Fig. 3, is capable of tracing the full char-
acteristic. Even here one must be careful to avoid
excessive distributed capacitance across the diode.

" The resistive cut-off frequency (fgo) is the frequency at which
the real value of the negative conductance goes to zero.
** The self -resonant frequency (f.) is the frequency at which
the internal inductance and capacity will resonate if the device
terminals were ac short-circuited.
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Fig. 2: Simplified equivalent circuit and parameters of a tunnel diode.

Fig. 3: This circuit permits full tracing of characteristic curve.
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Fig. 6 (right): Per-
formance is easily de-
termined by using
this graph for analy-
sis of a parallel con-
nection (short cir-
cuit stable) amplifier.

Tunnel Diodes (Continued)

Otherwise, the desired curve, Fig. 1, will be trans-
formed into one, indicating the presence of oscilla-
tion, Fig. 4. The values of (R, R2) in Fig. 3 are
important and somewhat critical. When

+ R2 > 1 / IgI

the device can only switch and the "S" characteristic
will not be seen in full, Fig. 5. Too small a value of
R, + R2, or R can also lead to oscillation because
some parasitic inductance, as well as capacitance, can
not be avoided. As both the circuit Q and we are in-
creased with decreasing Rs, there exists a minimum
R, below which oscillations can not be be avoided.

Amplifiers
Having established some of the basic concepts of

the device, one can now look at three types of ampli-
fier circuits: parallel (short circuit stable), series
(open circuit stable), and compound.

A graphical analysis of these circuits is helpful in
determining performance.
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Fig. 4: Self oscilla-
tion with 10 uuf
across the diode.

Fig. 5: Typical curve
when the device can
only switch.
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Parallel Connection
Since the currents of the diode and the load add

in the load resistance, Fig. 6, the composite, algebraic
sum, of the currents, add and form curve 3. The slope
of this curve, between points A and B, exhibits a
much higher impedance than the slope of the load
line (rl = curve 2) alone. Therefore, the composite
impedance of rl and -rd have now become a high
input impedance, while the actual load still remains
126 ohms.

By applying an input signal 62i to this high im-
pedance, the output current swings greater than Ai.
The ratio of output to input current is directly pro-
portional to the power gain, since the voltage gain is
unity. This value is also proportional to the ratio of

GI

GI (- Gd)
in other words, to the ratio of the transformed
impedance to the load impedance.

Series Connection

The voltages across the diode and the load add to
form the composite curve 3, Fig. 7. The slope of
this curve exhibits a much lower resistance value
(= -rd r1) since the negative resistance sub-
tracts from the positive one. A small signal voltage
applied across this low total resistance yields a larger
voltage across RL. The voltage gain is proportional
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Fig. 7: This convenient graph shpuld be used in studying the perform-
ance of series connection (open circuit stable) amplifier circuits.

to power gain since the current gain is unity. Again
this gain is also proportional to the impedance trans-
formation ratio of rl/(-rd r1) or

1

GI

1

- Gd

Compound Connections

To achieve relatively high gain, the resultant nega-
tive conductance slopes have to be close to horizontal
(very high Zi, limit oo) in the parallel case; and,
close to vertical (very low zin, limit 0) in the series
case. Under those conditions, the input currents or
voltages are very small as compared to their outputs.
To achieve this, it becomes apparent that the load
conductance must be very near equal to the negative
conductance of the diode. For a ZJ-56 with a nega-
tive resistance of 100-150 ohms, this would restrict
the choice of load resistance to this magnitude unless
a transformer is used. It is possible, however, to

Fig. 8: Circuit and assumptions for increasing negative resistance.

-r

INPUT OUTPUT

ASSUMING A-15011 DIODE
BUT A 200f1 r I, THE GAIN
WOULD BE APPROX (RTR'co)

rl 200 :4
-rd+r1 -150+200

change the negative resistance by various schemes
achieving virtual impedance match.

Negative Resistance

The circuit of Fig. 8 gives a very small gain, but
if a resistance were placed in parallel with -rd such
that the resultant negative resistance is increased,
for example, to -198 ohms, then

200
G AV = - 198 200

- 100 = 20 db.
±

Similarly a resistor could be used to parallel the
the load such that rl becomes 151.1 ohms in which case

151.5
G AV - - 100 20 db.

- 150 + 151.5
Although such a resistor will introduce losses, the

overall transducer gain can be in excess of the low
gain available without impedance match.

Assuming the case of the parallel connection when
- rd = 200 ohms and rl = 150 ohms,

Here the

G AV -

(RTR = 0)

- rd X rl
= 4.- rd rl

rl

Fig. 9: To lower neg-
ative resistance, this INPUT

circuit is considered.

Adding 48.5 ohms (Rtr) in series with -rd yields
a total negative resistance of 48.5 + (-200) =
- 151.5. The resulting gain is now approximately
equal to

G AV = -151.5+150
- 151.5 X 150 - 20 db.

150

Similarly, if the transformation resistance Rt, is
put in series with the load and adds with it to 198
ohms, the resultant gain will be 20 db. Since some
of the power is lost in the series resistance, only
150/198 part of this power is recuperated in the load
resistance, yet the overall gain still is 150/198 x 100 =
75.6 18.8 db.
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Fig. la: Cut -away view of the high resolution magnetic head.

A Magnetic Drum Memory with

Fig. lb: Close-up view of the head shown in Fig. la.

A One Megabit Storage
ASURVEY of advanced development work in the

medium computer field was made. Survey indi-
cated a need for larger capacity memories in the
access time range of the 650 drum. It was immedi-
ately evident that if access times were to be retained
and bit densities increased, higher frequency cir-
cuitry would be required. To realize this performance
in our future memories, to the groundwork was laid
for high frequency transistorized memory circuits.
To demonstrate the feasibility of these techniques, a
prototype memory was developed in which advanced
transistor circuits and magnetic heads of high resolu-
tion were adapted to a standard 650 drum assembly.
This resulted in an 8 times increase in capacity. The
work was directed toward satisfying an immediate
need in this area and does not represent "state of
the art" or what may be accomplished with present
goals.

Design Objectives
Starting with the production 650 discrete pulse

system (operating at 125Kc, 50 bits per inch, and 20
tracks per inch), the performance of the memory
was aimed at 500Kc, 200 bits per inch, and 40 tracks
per inch. This performance would result in a capac-
ity of one million bits on the 650 drum. The prototype
of the one megabit memory was developed with the
following design features:

1. The drum used was a production 650 rotor
and base assembly with a 0.0006 inch thick-
ness of Co-Ni magnetic coating and a rota-
tional speed of 12,600 RPM.

2. A head mounting shell was located around the
rotor and bored to accept 430 fixed type high
resolution magnetic heads.

3. The recording technique used was the return -
to -zero or "discrete pulse" made at 500Kc and
200 bits per inch. This results in 2500 in-
formation bits per track on the 650 drum.
The track spacing of 0.035 in. on centers
allows for 400 information tracks of 2500 bits
each, or a total capacity of one million bits.

4. Electronic switching was provided for the
data heads so that they can be used in a serial
manner or in a parallel by character mode.
The access time for this memory is dependent
primarily on a revolution time of 4.8 msecs.

Fig. 2: Rcadback volt-
age waveform at
500KC
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A survey indicated the need for larger capacity memories

in the medium computer field.
Design engineers took an existing magnetic drum memory and

increased its capabilities 8 times.
Their ideas and innovations, given here,
will prove useful to other design engineers.

By ROBERT R. SCHAFFER
Product Development Lobs.
International Business Machines Corp.
Endicott, N. Y.

5. The drum was divided into several addressable
sectors by means of recorded timing tracks.

6. The transistorized write driver, sense ampli-
fier and track select matrix components were
fixed to circuit board mounted directly above
the associated magnetic heads.

7. Logic control circuits were developed for simu-
lation and testing on a working model of the
system.

Drum & Head Description

The high density recording and resultant expanded
capacity were made possible by the development of a
high resolution magnetic drum head.* In addition to
improving the resolution capabilities, the stability of
the headcoating spacing was improved, and the cost
reduced below the existing magnetic drum heads.
These features not only result in a decrease in the
cost per bit on a track, but coupled with improved
circuit techniques make a greater number of tracks
economically feasible. In order to retain the access
time within the range of memory capacity under con-
sideration in our program, a fixed head per track
concept was used with electronic track selection.

The magnetic head, shown in cross section in Fig.
1, consists of a laminated metal core formed into a
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Fig. 3: Oscillogram
of readback single bit

Fig. 4: Photograph of one megabit drum memory prototype

ring structure with one 100 turn coil on each leg of
the core. The core structure is encapsulated in a
metal housing. The recording is done through one
coil, with both coils in series for the readback process.
The heads are 0.0003 to 0.0005 inch from the drum
surface and are held by spring forces in holes bored
in a head mounting shell. An adjusting tool, used for
all the heads, moves the head toward and away from
the drum. An indication of the resolution of the
head, under the conditions in this system, may be
obtained by observing the readback voltage wave-
form in Fig. 2. Waveform resulted from recording a
string of discrete pulse "ones" at 500KC. There is
no observable attenuation in these pulses from the
amplitude of the single bit shown in Fig. 3.

 Background information on the recording problem is con-
tained in a report by L. J. Poch and R. R. Schaffer entitled :
"Preliminary Report on Investigation of Magnetic Drum Record-
ing of Digital Data," IBM TR 103. 04E. 463; May 7, 1957.
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Fig. 5: Sciematic diagram shows the
write driver circuit with transistors

Fig. 7 (right): Waveform is the
output of the sense amplifier

Megabit Storage (continued)

A further comparison shows that the "spread" of
the readback voltage pulse is 3-4 times less than
that of the present 650 System. Other experimental
work has shown the feasibility of recording up to
twice the density and frequency used here.

Circuit Description
A. WRITE DRIVER: The write current output

transistor is an IBM NPN Class C power drift (see
Fig. 5). The constant current is obtained by well-
defined voltage levels applied to the base of the out-
put transistor from the complemented emitter fol-
lowers (fixed voltage drop across a 33 ohm emitter
resistor). This circuit is analyzed as a grounded base
configuration. A constant emitter current is caused
to flow in a variable impedance collector load by
adjustment of the base reference potential.

Fig. 6 shows a typical write current waveform

Fig. 8: Schematic diagram of the differential slope sense amplifier
-12V
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Fig. 6 (above): Oscillogram of
the write current waveform
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from the circuit in Fig. 5 as seen across a 1 ohm
resistor in series with the coil. A nominal write cur-
rent amplitude of 60 ma. and a pulse width of 0.8
pee. was used for the magnetic recording process.
A typical readback voltage waveform of 100 my.
peak-peak amplitude resulting from recording with
this pulse is shown in Fig. 3. For recording above
the 500Kc rate used here, the upper limit was estab-
lished by the deterioration of the pulse waveform at
0.6 lisec. pulse width.

B. SENSE AMPLIFIER: A differential slope sense
amplifier shown in Fig. 8 was used to convert the
readback voltage into a 0 to -6 volt output. The
upper clipping level of the amplifier was set at 30-40
my, permitting a variation of approximately 3/1 from
the nominal 100 my. readback voltage. A common
mode noise rejection in the order of 300 mv. was
achieved as a result of the differential amplifier ap-
proach. DC isolation and stabilization is obtained by
using capacitors in the input and output stages.

The waveform shown in Fig. 7 is
the output of the sense amplifier to

-12v the input readback waveform
shown in Fig. 2. The sense ampli-

2 K fier recovery time from the write
current waveform is 1.8 p.sec. For

- -6v frequency of operation higher than
500Kc, the sense amplifier requires
increased amplitude input signal
with an upper limit of 90 my. or
1.2 MC.

-0 V

0 V

-6V

A REPRINT
of this article can be obtained by
writing on company letterhead to

The Editor
ELECTRON IC INDUSTRIES

Chestnut & 56th Sts., Phila. 39, Pa.
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C. TRACK SELECT: The switch matrix shown in
Fig. 9 provides for head selection during recording
and reading. During both of these functions, the
track select circuit (Fig. 10) provides a +6 v. poten-
tial to a common end of both coils of a selected head.
This potential forward biases the isolation diodes
through the 10K resistors to ground. With the
diodes forward biased, the two 100 turn coils are in
series with the sense amplifier during readback. Dur-
ing recording, a "one" or a "zero" is written by the
associated write driver.

D. PACKAGING: Since line loss, capacitance and
noise become major factors in the design of high
frequency memory circuits, an effort was made in the
packaging to minimize their effect by reducing lead
length and cabling. This was accomplished by plug-
ging each row of heads directly into a 31/2 x 16 in.
printed circuit board which spanned the drum. As a
result of this approach, in addition to the common
mode rejection differential sense amplifier, the signal -

to -ambient noise level in the sense amplifier was im-
proved by a factor of two. This board contained the
write drivers, sense amplifiers, and track select cir-
cuits for 2 rows of heads. In Fig. 4, a photograph
of the memory system, the circuit board is shown
mounted in slots in the end plates directly above the
head mounting shell.

HEAD 2

Fig. 9 ( left) : Switch matrix provides for

head selection during recording and reading

Fig. 10 (below I : Schematic dia-

gram shows the track select circuit

HEAD 10

Conclusion

The prototype of a one megabit drum memory was
developed to determine the feasibility of applying the
basic concepts used in the design of the magnetic
head, write driver, select matrix and sense amplifier
to a type 650 drum. Although the system described
is not proposed as a final design, the interaction of
these components was found to function satisfactorily
in a working memory at 500Kc, 200BPI discrete pulse
recording. The limitations of the components were
determined wherever possible, both as an aid to their
application in other systems and to guide future
work in this area.

The author wishes to acknowledge the contributions
of the Circuit Technology Department and especially
the work of Messrs. D. W. Gill and D. R. Franck.
The drum and head work was under the direction of
Mr. L. J. Poch with design assistance of Messrs.
E. Haire, G. Wiederhold, and A. de Roos.

NEW PREFIXES FOR UNITS

The National Bureau of Standards will follow the
recommendations of the International Committee on
Weights and Measures. They will use the new prefixes
for denoting multiples and sub -multiples of units. The
Committee adopted the prefixes at its meeting in Paris
in the fall of 1958. In addition to the eight numerical
prefixes in common use, which are given in the table
below, the Committee expanded the list by adding the
four prefixes marked with an asterisk. Thus, for
example, 10-12 farad is called 1 picofarad, and is
abbreviated 1 pf.

Multiples and Sub -multiples Prefixes Symbols

1 000 000 000 000 = 1012 tera* T

1 000 000 000 = 109 giga* G

1 000 000 = 106 mega M

1 000 = 103 kilo k

100 = 102 hecto h

10 = 10 deka dk

0.1 = 10-1 deci d

0.01 = 10-2 centi c

0.001 = 10-3 milli m

0.000 001 = 10-6 micro V.

0.000 000 001 = 10-9 nano* n

0.000 000 000 001 = 10-12 pico* P
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High accuracy is attained by a push-pull arrangement of
hysteresis clutches which smoothly transfers torque through
dual gear trains from the drive motor to the antenna.

Accurate Tracking for

Fig. 1: A bock diagram shows one of two identical radiotheodolite servo drive units.
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By FRED ELLIS
Servo Corp. of America

New Hyde Park L.I., N.Y.
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Radiotheodolites

AZIMUTH and elevation of the ten -foot diameter
antenna system of a weather sonde tracking

radiotheodolite is accomplished to a system static ac-
curacy of 0.01° and a dynamic accuracy of less than
0.03° RMS.

In the system we will describe here this tracking
accuracy is attained by a push-pull arrangement of
hysteresis clutches. These clutches smoothly transfer
torque through dual gear trains from the drive motor
to the antenna.

Some of the features that contribute to the ease
and smoothness of control over a wide range of track-
ing and slewing speeds are shown in Fig. 1, where
one of the two identical servo drives is depicted.

The system operates as follows. Conical scanning
is accomplished by spinning a secondary reflector in
the antenna system. A 30 cPs modulation is obtained
from the received signal, the amplitude and phase
of. which correspond respectively to the amplitude
and direction of the tracking error. The amplified
tracking error (30 cPs) signal is passed through a
commutator, essentially a synchronous phase sensitive
rectifier, and applied to the push-pull grids of the
clutch driver amplifier. The clutches are thereby
energized to position the antenna system in a manner
that decreases the tracking error, thus closing the
major servo loop.

A secondary loop provides velocity damping which
can be manually varied over two ranges to obtain
system velocity constants from approximately 0 to
15° per second per degree error on the low -speed
range and 10 to 50° per second per degree error on
the high-speed range.

Fig. 2: Schematic
shows the hysteresis
clutch field coil am-
plifier.

Other details not shown although essential to

proper system functioning are:
1. Stabilizing networks.
2. Separate gain controls for azimuth and elevation

channels.
3. Two independent damping controls for each

channel.
4. Switching for selecting one of three modes of

operation, to wit:
a. Highly damped automatic tracking.
b. Critically damped automatic tracking.
c. Manual control.

Several desirable performance characteristics are
available in this design:

1. A smooth transmission of torque from the
drive motor to the load by a pair of hysteresis
clutches used in push-pull, and driving the load
through independent gear trains is employed to line-
arize the current torque characteristic of the clutches

Fig. 3: Graph shows
the restoring torque
vs. tracking error
characteristics f o r
the system.

TORQUE

COMBINED PUSH-PULL
CLUTCH E. GEAR TRAIN
TORQUE OUTPUT

A TORQUE OUTPUT
/ FOR A SINGLE

CLUTCH E.
GEAR TRAIN

TRACKING ERROR
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Radiotheodolites (continued)

per se. At the same time, backlash in the gear trains
is taken up. Figure 3 shows the restoring torque vs.
tracking error characteristic for the system. The
dotted lines show the departure from this desirable
characteristic that would result if the clutches were
used singly. The clutches are driven by a pair of push-
pull 6L6's with a zener diode regulating the common
cathode bias as shown in Fig. 2. This together with
a slight amount of bleeder current establishes a
quiescent amount of current through the clutch field
coils to maintain a tautness in the gear train at all
times. Advantage is taken of the bleeder network
to tap -off, with a capacitor, a certain amount of nega-
tive feedback for common mode rejection.

2. The wide dynamic range of tracking speeds re-
quired to follow a balloon borne radio sonde, from
the ground up to altitudes of 100,000 feet and slant
ranges of 150 miles, make it desirable to provide
large amounts of rate damping for the far tracking
conditions and a small amount for the near tracking.
This is accomplished by using a drag cup tachometer
generator suitably geared -up from the load. The out-
put of the tachometer is amplified and applied to a
phase sensitive demodulator shown in Fig. 4. From
there it is mixed with the error signal into the clutch
field driver amplifier.

The input to the tachometer amplifier provides a
convenient place to insert slewing inputs. In this man-
ner, slewing rates from a maximum, determined by
the servo drive motor speed and gearing, to very
slow rates are obtained. The total range in this appli-
cation is from 540° per minute to less than 0.5° per
minute.

The rate damping controls are individually set and
then selected at will by push button control, either
locally or remotely, to obtain the best overall per-
formance during a sounding. However, the design per-
mits the inclusion of automatic switch -over from one
mode to the other or continuous automatic control
of rate damping as some arbitrary function of track-
ing error.

The equipment provides complete remote control
of the system as well as indication and recording of
azimuth and elevation angles and time. Other equip-
ment is used to record and process the meteorological
data received by the radiotheodolite.

NEAR TRACKING
REFERENCE
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DAMPINGFig. 4: Diagram OUTPUT

shows the variable
rate dampiig and
slewing provisions.
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REFERENCE

By LIONEL ROBBINS
Chief Applications Engineer

Vernistat Division
Perkin-Elmer Corporation

Norwalk, Connecticut

The AC

AUTOTRANSFORMERS possess a number of very
desirable characteristics, among them precise

voltage ratios, high input impedance, low output im-
pedance, and low phase shift. Coincidentally, it hap-
pens that these characteristics are quite desirable in
a precision potentiometer. This has led to a union of
the autotransformer and the potentiometer to produce
a hybrid-the AC potentiometer-of great interest to
electrical engineers.

The tape -wound, toroidal cores of today permit the
construction of autotransformers having extremely
low leakage inductance. Furthermore, they permit
the construction of autotransformers of moderate size
with high impedance, yet low winding resistance;
i.e., a high Q. The effect of these characteristics will
be pointed out.

Characteristics
To illustrate a basic characteristic of the autotrans-

former, assume that you need a precise voltage di-
vider, say 2:1. Wind on a toroidal core a number of
turns of wire. Pull out a loop of wire (later to be
bared and tinned) and then wind on another series
of turns equal in number to the first group. You now
have a very precisely center -tapped autotransformer.

"How do you know the center turn is tapped at the
proper place?" Herein lies one of the beauties of the
autotransformer, for it is impossible to have a frac-
tional turn. We either link the flux in the core or we
do not. There is no partial linkage of flux except for
minute amounts of leakage flux which can result in
errors of as little as 0.001% of the input voltage.

120
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Fig. 1: The Auto -
transformer is

a source of very ac-
curate voltage incre-
ments.

Autotransformers have a number of very desirable
characteristics. These characteristics are also desira-
ble in a precision potentiometer. The union of the
two produces an extremely useful new component.

Potentiometer

A New Circuit Component
Imagine that the voltmeter is of extreme sensi-

tivity. If we move the meter lead along the turn of
wire, we would detect no change in voltage even
though it were moved from "a" far into the center of
the toroid to "b". However, if we should connect the
meter lead to "c" without passing it through the
center of the toroid, we would detect a voltage incre-
ment equal to the input voltage divided by the total
number of turns. The meter lead may now be moved
along that turn back to "b" with no further change in
voltage. This is because the meter lead is taking part
in the process of linking flux. Hence, the autotrans-
former is a source of very accurate voltage incre-
ments.

15

Fig. 2: Computer application with
three dimensional cam. Disadvan-
tages: difficult to align; backlash.

Other Properties

Let us look at some of the other properties. It
appears to its source of excitation primarily as a very
high inductive impedance (many turns of wire on a
high permeability core). Core and copper losses may be
disregarded generally in electronics work. Of course,
if a lead is connected to a tap, it will be reflected
to the input terminals by the square of the turns
ratio.

Now, if the autotransformer is driven by a zero
impedance source, the output impedance at a tap will
be quite low since it is primarily due to the winding
resistance itself.

This high ratio of input impedance to output im-
pedance represents another major advantage because
autotransformers may be cascaded or otherwise
loaded without appreciable loading error; i.e., tap
voltages will remain accurate.

Two other advantages remain. The first is low

phase shift. Since the leakage inductance and wind-
ing resistance are low, the tapped autotransformer
acts almost as a perfect voltage divider; i.e., tap
voltages are almost exactly in phase with the input
voltage.

A useful corollary to this property is that toroidal
autotransformers may be used over a wide range of

frequencies. Military equipment designers tend to
use the power frequencies as high as 2 KC to reduce
the size of motors and power transformers. This
feature of the autotransformer is important since
many voltage dividers develop excessive phase shift
at higher frequencies.
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Potentiometer (Continued)
The last advantage is that the autotransformer is

essentially non -dissipative. Because of this the auto -
transformer found its way into the laboratory many
years ago. I am referring to the Variac* which is
nothing more than an autotransformer that has all
of its turns bared so that they may be contacted by
a carbon brush.

In essence, the Variac is similar to a potentiometer,
though it is rarely thought of as such. The turns
are too few to afford an adequate resolution and
linearity for potentiometric applications; and also,
the device is relatively large. Its prime function is
the control of power.

O.

ilFig. 3: Computer application with resistance potentiomete O
Advantages: easy to align. Disadvantages: amplifiers decrease
reliability: amplifiers and potentiometers are dissipative.

In summation, characteristics of the autotrans-
former are:

(1) Precise voltage division,
(2) High input impedance,
(3) Low output impedance,
(4) Low phase shift over a wide frequency range,

and
(5) Low power dissipation.
It is not surprising that designers have made use of

these characteristics in AC potentiometers. In gen-
eral, the technique consists of locating a series of
precise, equally spaced taps along an autotransformer.
A precision resistance potentiometer is used to inter-
polate linearly between the adjacent taps to obtain
high resolution. Some AC potentiometers use several
tapped autotransformers which are cascaded. Inter-
polation is performed between the taps of the last
transformer. The output resistance of the interpolat-
ing potentiometer is low enough to permit a favorable
ratio of input impedance to output inpedance.

Types of AC Potentiometers
There are two general types of AC potentiometers.

In one type, rotary switches are used to select a
combination of transformer taps. This provides
coarse voltage adjustment. A separate shaft controls
the interpolating potentiometer for fine voltage
selection. These types are necessarily manually oper-
ated and may be used to provide accurate ac voltages
or voltage ratios.

The other type is designed so that both switching
and interpolation are accomplished with a single shaft.

Registered trademark of the General Radio Company.

All commercially available models are multi -turn
units. These are precision potentiometers in the gen-
erally understood sense and are of particular interest
to designers of such analog equipment as servos,
computers, and control equipment. These components
can be instrumental in achieving a high order of
system simplicity, accuracy, and reliability.

An application
The next three figures show how an equation may

be solved in three different ways. The equation,
Et. t = [K + A (01) ] [B (02)] C (83), is frequently
solved with a three-dimensional cam.

In operation, the cam is rotated about its axis and
a feeler arm is made to move parallel to that axis so
that it may contact any point on the cam's surface.
The feeler arm is coupled to a potentiometer whose
output voltage is proportional to the distance from
the point of contact to the axis of rotation of the cam.
This computing system is very reliable. However,
certain restrictions must be applied to the maximum
slope of the cam's surface so that the feeler may
easily ride over it without requiring excessive torque.
Occasionally the nature of the cam's contour may
result in an exceedingly lengthy indexing procedure
which would represent a major drawback to this
method.

Figure 3 illustrates a solution using resistance
potentiometers. Notice that this system can handle
three independent variables. Indexing of this system
is quite simple. However, due to the high output
impedance of the potentiometers, they would normally
be used with an isolation amplifier in the multiplica-
tion portion of the circuit. The addition would be
accomplished with summing resistors and a feedback

Fig. 4: Solution using AC potentiometer. By eliminating
amplifiers a reduction in size, weight, power supply re-
quirements and heat rise is obtained-reliability increased.

(1:),

amplifier. While this method can provide a desirable
degree of accuracy, the use of amplifiers adds an ele-
ment of unreliability.

Figure 4 illustrates a solution using AC poten-
tiometers. Because of the high ratio of input impe-
dance to output impedance, multiplication may be
performed without the aid of an isolation amplifier.
Addition is accomplished by utilizing phase reversal
in an input transformer. The output transformer is
necessary only if isolation is desired. By eliminating
the amplifiers of the previous system, a reduction in
size, weight, powers supply requirements and heat
rise is obtained also, there should be a substantial
contribution to overall reliability.

O.
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Other uses

The ability of AC potentiometers to work directly
into other components, such as resolvers, makes this
kind of circuitry even more interesting. Application
to other problems may be realized by the use of non-
linear AC potentiometers. These space the taps un-
equally along the autotransformer in accordance with
the nonlinear function to be generated. The function
is then generated as a series of straight line inter-
polations, or in other words, a series of chords.

Even greater versatility is provided by adjustable
AC potentiometers which are constructed so that the
user may make his own selection of transformer taps
and hence set in the shape of the nonlinear function
to be generated. These devices can be very useful as
computing elements, but in addition, their extreme
ease of operation makes them especially suitable as
control elements and as design tools where nonlinear
functions must be determined experimentally.

A REPRINT
of this article can be obtained by writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES, Chestnut & 56th Sts., Phila. 39, Pa.

Voltage step-up feature

Many unique applications result from using the
voltage step-up feature of the autotransformer as
illustrated in Figure 5. The left hand schematic
shows how a portion of the transformer may be
energized to derive an output voltage greater than
the input voltage. This technique may be used to
obtain a small amount of gain which might otherwise
require another component. By relocating the fixed
output lead, the right hand circuit shows how an AC
potentiometer can provide voltages of opposite phase
when it is excited by a single ended source of voltage.
The output voltage reverses phase when the wiper
passes the fixed output lead. This eliminates a sepa-
rate transformer to perform the same function.

An extension of this technique is used to generate
the secant function as shown in Figure 6. In this
case, the taps are located only in the unexcited portion
of the transformer so that the output voltage ratio

Fig. 5: The voltage step-up feature may be used to obtain a small

amount of gain (left) or provide voltages of opposite phase (right).

FOR GAIN FOR PHASE INVERSION

WITATION

Fig. 6: The voltage step-up feature is used to generate the secant
function. The taps are located in the unexcited portion of the trans-
former so the output voltage ratio will always be greater than one.

will always be greater than one, as it must be for the
secant. This application was the result of an attempt
to simplify a secant generator consisting of a servo
amplifier, a servo motor, and a resolver. The cosine
winding of the resolver provided the feedback signal
so that the transfer function of the servo was the
reciprocal of the cosine, i.e., the secant. In this case
the entire servo was replaced with a single AC
potentiometer.

Applied to servos

A final application is an example in servomecha-
nisms. A simple feedback servo will illustrate the

Fig. 7: Conventional follow-up servo uses two potentiometers as
command and feedback elements with summing resistors as a null

detector. Gain loss of one-half must be made up in the amplifier.

circuit principles involved, first using resistance po-
tentiometers, and then using AC potentiometers.

In Figure 7, two precision potentiometers are used
as the command and feedback elements with summing
resistors as a null detector. This circuit requires a
source of accurately center tapped voltage so that the
two potentiometers will be excited by equal voltages
of opposite phase. The voltage at the input to the
amplifier will be zero when the shafts of the two
potentiometers correspond. Several disadvantages
can be pointed out. First, consider the effect of the
summing resistors. If we start with the servo balanced
and displace the shift of one potentiometer to get an
error voltage, half of that error voltage appears
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Potentiometer (Continued)

across each summing resistor and so only half of the
error voltage appears at the amplifier input. This
represents a gain loss of one-half which must be
made up in the amplifier.

In many systems, pick-up might be a problem due
to the relatively high potentiometer output impedance.
If this necessitates shielding of the remote signal
lead, the combination of high output impedance and
capacitance of the shield could result in excessive
phase shift.

Another possible complication is that many systems
require potentiometers which exhibit terminal linear-
ity rather than independent linearity. This means
that the best straight line which can be laid down
through a plot of output voltage versus shaft position
will also pass through the potentiometer's terminal
points. This is a stringent requirement for resistance
potentiometers since the output voltage gradient is
controlled only at the two end terminals. An AC

Fig. 8: Circuit performs same function as fig. 7. Two AC Potenti-
ometers are connected in a bridge circuit. Voltage step-up may be
achieved in the null transformer. This and elimination of the sum-
ming resistors reduces gain which must be provided by the amplifier.

REFERENCE PAGES
The pages in this section are perforated for easy re-
moval and retention as valuable reference material.

SOMETHING NEW HAS BEEN ADDED
An extra -wide margin is now provided to permit
them to be punched with a standard three -hole -
punch without obliterating any of the text. They can
be filed in standard three -hole notebooks or folders.

potentiometer, on the other hand, has a series of
accurate voltage reference points throughout the
range of output voltage. Hence they permit terminal
linearity to be an easily controlled characteristic.

Figure 8 shows a circuit which can perform the
same function as the previous one. Here, two AC
potentiometers are shown connected in a bridge
circuit. A null transformer transmits the error signal
to the amplifier. When the two potentiometer shafts
correspond, the error signal is zero. Resistance po-
tentiometers are not suitable because their high out-
put impedance would result in a voltage dividing
action with the input impedance of the null trans-
former. This would correspond to a loss of gain which
would have to be provided by the amplifier.

Low output impedance gives this circuit two major
advantages. Voltage step-up may be achieved in the
null transformer up to the point where the impedance
reflected to the amplifier input begins to be excessive.
This effect, and the elimination of the summing re-
sistors, reduced the gain which must be provided by
the amplifier.

In addition, pick-up due to stray fields is greatly
reduced. This is desirable in almost all applications.
But it achieves special significance in inertial guid-
ance systems where the persistence of small noise
voltages over long periods of time can cause signifi-
cant navigational errors. Low impedance devices are
particularly helpful in reducing these errors.

This paper illustrates typical applications of AC
potentiometers for significant design improvements.
But, AC potentiometers should not be considered
simply as a new type of potentiometer. To use them
to their fullest advantage, they should be considered
as a new type of component with their own body of
application techniques.

PROBLEM CLINIC Long Life, Low Speed Tape Printer
The General Electric Co. is interested in manu-

facturers of tape printers that meet the following
general requirements:

1. Print four quantities side by side on approx. a
31/2" wide paper tape. Two quantities are of
5 digit magnitude, one is of 4 digits and the
fourth is of 3 digit magnitude.

2. The maximum counter pulse rate is 1 per sec.
3. There is to be a predetermined automatic point-

out every Y2, 1, 8 or 24 hours, as well as manual
print-out at random. One of the 5 digit quanti-
ties is to automatically reset to zero at each
print-out.

4. The unit is to ultimately operate from a 120V
-60 cycles power source. If the basic unit oper-
ates on dc, it will be necessary to provide a con-

version from 120 v -60 cycle to the required dc
power.

5. The unit must operate satisfactorily over an
ambient range of -20°F to +125°F.

6. The unit must be compact-not to exceed a vol-
ume 6" wide x 12" high x 12" deep.

7. We expect a minimum 10 -year life.

Essentially, what is required is a long life, low
speed tape printer of high reliability that when prop-
erly packaged can be used out-of-doors or indoors and
operates from a standard power source.

Firms or individuals offering solutions to this problem please con-
tact Editor, ELECTRONIC INDUSTRIES, 56th & Chestnut Sts., Phila.
39, Pa. Correspondence will be forwarded to the manufacturer.
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Over 60,000 engineers and scientists
will attend the 1960 IRE International Convention.

A highlight of the 4 -day show will be
a symposium, "Electronics-Out of this World"
conducted by Ernst Weber. Over 850 exhibitors
will display the latest in electronic developments

and a comprehensive program of 275 papers
will be presented.

IRE Show

is Now
"International"

THIS year's IRE Convention will
be called the IRE International

Convention emphasizing the fact
that the IRE now has 22 Sections
and over 6,000 members outside of
the United States.

Ronald L. McFarlan: President, IRE

Aerial view of New
York's Coliseum
where over 850 ex-
hibitors will display
the latest in elec-
tronic wares at the
1960 IRE Interna-
tional Convention.

The annual event, the world's
largest technical meeting and ex-
hibition, will be held March 21
through 24 at the Waldorf-Astoria
Hotel and the New York Coliseum.
Over 60,000 engineers and scien-
tists are expected to attend.

A comprehensive program of 275
technical papers will be presented
in 54 sessions at the Waldorf-
Astoria and the Coliseum. (See the
complete program listing begin-
ning on page 126 of this issue). A
high point of the program will be
a special symposium on "Elec-
tronics-Out of this World" to
be held Tuesday evening, March
22. The symposium will be con-
ducted by Ernst Weber, President
of the IRE for 1959, and a panel
of leading space electronics ex-
perts.

All 28 IRE Professional Groups
will participate in the technical
program. Important sessions will
be held in: Control Theory, The
Engineer Writes and Speaks, Radio
Frequency Interference, The Hu-
man Factor in Electronics, Engi-
neering Management, Aerospace
Subsystems, Production Tech-

niques, Electronic Devices, Re-
liability, Ultrasonics, Computers,
Network Theory, etc. All electron-
ic/electrical engineers will find
sessions of particular and general
interest.

The Radio Engineering Show
will fill all four floors of the Coli-
seum. There will be over 850 ex-
hibitors displaying over $15,000,000
worth of the latest electronic equip-
ment.

The convention will get under
way with the Annual Meeting of
the IRE on Monday morning,
March 21. Dr. Lloyd V. Berkner,
President of Associated Universi-
ties, rnc., will be the featured
speaker.

The social events will include a
"get-together" cocktail party Mon-
day evening and the annual IRE
banquet Wednesday evening, both
in the Grand Ballroom of the Wal-
dorf. The banquet will feature the
presentation of IRE awards for
1960, including the Medal of Honor
to Harry B. Nyquist, former Bell
Telephone Laboratories engineer,
and the Founders Award to Hara-
den Pratt, Secretary of the IRE.

As in the past, an entertaining
program of tours, fashion shows,
and matinees has been arranged
for wives of visitors.

(Continued on following Page)
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Test Chamber

High -low temperature test chambers
with ranges from -100°F to +400°F
for production testing of electronic
parts. Using liquid CO2 it provides
rapid temp. drop for thermal shock
studies. Electric Hotpack Co. Booth
3931.

Circle 162 on Inquiry Card

Frequency Synthesizer
Crystal frequency synthesizer can
produce over 64,000 discrete frequen-
cies with a stability of better than

1 x 10-s per day. Characteristics in-
clude zero -error readability. Manson
Laboratories. Booth 3213.

Circle 163 on Inquiry Card

Rate Table

Model 60A, angular oscillating table
for rapid frequency response testing
of rate gyros and angular acceler-
ometers. Frequency: 0.1 to 150 CPS.
Takes loads to 100 lb. Low distortion.
Micro Gee Products. Booth 3846.

Circle 164 on Inquiry Card

Comparator

Precision High Impedance Compara-
tor, Type B-921, a 3 -terminal bridge
compares impedances of the order of
megohms against a known standard.
Accurate to 0.001%. Frequency: 400
CPS to 10 KC. Wayne Kerr Corp.
Booth 3827-29.

Circle 165 on Inquiry Card

1..-Te71111

these
Products
at IRE

Automatic Analyzer
Automatic analyzer equipment for
large scale vibration and noise testing
programs. The D -940-A analyzes all
types of complex wave -forms. Fre-
quency range is 10 CPS to 19 KC.
Muirhead Instruments. Booth 3230.

Circle 166 on Inquiry Card

Banana Plug

Molded black polystyrene dual banana
plug mates with standard dual bind-
ing post 34 in. centers. Can be stacked
for multiple connections. Wire held
with set screw. Polarity indicated top
and side. Herman H. Smith, Inc.
Booth 2325.

Circle 167 on Inquiry Card

Power Supplies

The 120 series, transistorized power
supplies, features highly regulated,
low ripple output. Regulation is

-0.01% or ±3 my from no load to
full load or from 105 v to 125 v line.
Quan-Tek Tabs. Booth 3034.

Circle 168 on Inquiry Card

Evaporator -Stripper

Artisan Evaporator -Stripper is for re-
claiming chlorinated hydrocarbon sol-
vents. It recovers 98% of the solvent
while maintaining the inhibitor bal-
ance. Metal Fabricators Corp. Booth
4528.

Circle 169 on Inquiry Card
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Vane Axial Blower
Vane axial blower exceeds environ-
mental tests of MIL -E -5422D. Model
E2543-200 delivers 200 CFM at % in.
Wg and 10,500 RPM. It operates on
a 200 v, 3 phase, 400 CPS source. Air
Marine Motors, Inc. Booth 2601.

Circle 170 on Inquiry Card

Terminal Blocks
Miniature taper -in terminal blocks in
6 -terminal (Type 399-6) and 10 -ter-
minal (Type 399-10) sizes. They

Soldering Iron
No. 24S 60 Pencil Soldering Iron has
a long -life 3 in. tip, rated at 60 w,
weighs 2 oz. Tip and element are sep-
arate parts and are replaceable inde-
pendently. AC or DC. Hexacon Elec-
tric Co. Booth 4012.

Circle 173 on Inquiry Card

Electrolytic Bridge
Model 543 provides a compact, direct
reading bridge for precision checking
of capacitors up to 100,000 It

Relays

Transistorized relay with k ey i n
speeds up to 2500 baud (bits/sec.) for
telegraphic or teletypewriter applica-
tions. Relays are interchangeable
with WE 255A or similar types.
Rixon Electronics, Inc. Booth 3411.

Circle 176 on Inquiry Card

PC Connector
Edge -type printed circuit connector,

the Edge -On, features a bifurcated,
undulating spring design which as-

mount upright on printed wiring measures capacity and loss factor-is sures multipoint contact. Another

boards -solder studs slipped through calibrated for 60 and 120 CPS. Elec- feature is a closed entry face on the

holes. Kulka Electric Corp. Booth tronic Applications, Inc. Booth 3929. board side. Burndy Corp. Booth 1329.

2900. Circle 174 on Inquiry Card Circle 177 on Inquiry Card

Circle 171 on Inquiry Card

Convection Ovens
Power-O-Matic 60 mechanical convec-
tion ovens with saturable power re-
actor control system. Temperature
ranges to 350° and 650°F. Control
system is stepless, switchless, and in-
finitely proportional. Blue M Electric
Co. Booth 3008.

Circle 172 on Inquiry Card

Transformers
Line of specialty transformers rang-
ing from miniature to standard sizes.
Includes pulse transformers, charging
chokes, blocking oscillators, and rec-
tifier, filament, and power transform-
ers. Microdot, Inc. Booth 2101.

Circle 175 on Inquiry Card

M1C9O0CT CAI. II ft
3 350V

Ii4 3DOVt-
115 V C*5 250y
60 CPS

2 4: -6 6 3 VIA
lit C-7 60 MA.

7 VCT
255

" 11-j p:79 )7V
A. 10 165

I41A

Testing Unit
Universal Orienting and Testing Unit
electrically tests diodes, capacitors,
and resistors. Average rate is 3500
pieces per hour. Rejects sub -standard
parts. Orients parts in direction of
polarity. Universal Instruments Corp.
Booth 4019.

Circle 178 on Inquiry Card
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Precision Counter
Digital component, INCREMAG, can
perform counting -dividing functions
otherwise requiring a battery of bin-
ary type units. Variable counting
rate is up to 100,000 pps. General
Time Corp. Booth 1726A.

Circle 187 on Inquiry Card

Power Levelers
Microwave power leveler, the series

500, is used to control output varia-

tions from a traveling wave amplifier
or a backward wave oscillator. Menlo
Park Engineering. Booth 3836.

Circle 188 on Inquiry Card

Delay Lines
Standard Lumped Constant Delay

Networks offer a wide range of
specifications to meet the increasing
demand for precision delay networks.
Polyphase Instruments Co. Booth
2839.

Circle 189 on Inquiry Card

Turntable
For use with Induction Heating

Generators, continuously moving turn-
table has adjustable speed. There is
no direct connection for r -f current or
cooling water. McDowell Electronics,
Inc. Booth 4128.

Circle 190 on Inquiry Card

See

these
Products
at IRE

Circuit Breakers
Series 500-I electro-magnetic circuit

breakers provide tripping action with-
in 25 msec on overloads of 150% of
rated current. Current ratings are
from 50 ma to 10 a. For dc and ac use.
Airpax Electronics. Booth 2306.

Circle 191 on Inquiry Card

Decade Inductor
Decade inductors useful for sub-

stitution in the design of equalizers
and filters at audio and ultrasonic fre-
quencies. At 1 KC the accuracy of
total inductance is ±1.0%. Universal
Manufacturing Co. Booth 4415.

Circle 192 on Inquiry Card

Traveling Wave Tube
Electrostatic focused 1 w traveling

wave tube, the HA 58, operates on 500

to 1000 MC with a small signal gain
of 30 db min. and a saturation gain of
28 db min. Huggins Labs. Booth
2917.

Circle 193 on Inquiry Card

Transistor Transformers
Miniature Molded Transistor Trans-

formers are 1/2 in. in dia., 1/2 in. high.
They are designed to meet MIL -T -
27A, Grade 5, Class R, 10,000 hr. re-
liable life. Microtran Co., Inc. Booth
2315.

Circle 194 on Inquiry Card
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By JOHN E. HICKEY, Jr.
Associate Editor
"Electronic Industries -

The radio frequency interference problem is gaining the

prominence it justly deserves. Up to now engineers "let

George do it" when the RFI problem came up. Now the

responsibility is being placed on all electronic engineers.

RFI is Everybody's Business

THE electronic spectrum is now accommodating mil-
lions of pieces of transmitting and receiving gear.

Added to this are a few million other pieces of test
and control equipment, each of them generating small
local fields in the course of their operation. What this
amounts to is a king-sized problem of Radio Fre-
quency Interference.

In the past, engineers working on a black box for
a system have been able to pass-the -buck when it
came to interference. This is no longer being per-
mitted. New Government specs are being written
which spell -out the contractor's responsibility and
these new specs will soon be written into every con-
tract.

Aside from the fact that contracts will and do call
for interference -free equipment, we should remember
that interference affects all of us. It may appear in
our radio or TV set at home, in communications and
radar equipment, it can foul-up telemetering informa-
tion, or send a missile crashing to earth prematurely.

A REPRINT

of this article can be obtained by writing on company letterhead to

The Editor

ELEC:TRONIC INDUSTRIES, Chestnut & 56th Sts., Phila. 39, Pa.

Interference is any electrical disturbance or elec-

tromagnetic radiation that interferes with the recep-
tion of desired electromagnetic radiations. This in-
terference may appear in many forms, some border
on the ridiculous. Anything that carries electrical
current or sends out electromagnetic radiations is a
potential source of trouble. Natural phenomena such

as electrical storms and sunspots create interference
also.

No matter what creates RFI, you the electronic
engineer have the headaches of overcoming it. After
all it is your equipment that is being interfered with.
This means you should always design your equipment
with this problem uppermost in your mind.

We have no control over interference created by
natural phenomena, and very little control over RFI
generated by non -electronic equipment such as motors,
signs, power lines, etc. In specific cases of man-made
noise, we can track down the source and request that
the cause be corrected. Generally this takes time.
effort and money. Also, we have no assurance that
the next day another source will not crop -up. There
are many ways that our own electronic equipment
can create interference. Some of the ways are quite
sophisticated. However, we do have a weapon to com-
bat these problems-Good Design.

To accomplish good design, you must know about
interference, its causes and cures. This information
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RFI Problem (Continued)

must be learned, it cannot be obtained by osmosis.
There has been a large amount of work done in the
field of RFI. Unfortunately, this information is of
interest to only a small segment of engineers who
are specialists in this area.

With the growing concern about RFI, the editors
of Electronic Industries decided to present as much
material as space would permit. To do the best job,
we discussed this problem with engineers active in
RFI work. From our discussions, and the help of
0. M. Salati, Associate Professor, Moore School of
Electrical Engineering, University of Pennsylvania,
we outlined the various areas to be covered.

Armed with this outline, we contacted the people
best qualified to write specific articles for this series.
In this issue we are starting this series and each
month thereafter we will publish at least one article
until our series is completed. (See the box on this
page for the main areas to be covered and the selected
authors.)

Future articles covering RFI will be in these areas. The

authors and their affiliations appear with the subjects they
are writing about.

Interference in Transmitters
C. E. Blakely
R. N. Bailey
Georgia Tech.

RFI in Systems Design
Rocco Ficcki
RCA Service Co.

Interference in Receivers
H. M. Sachs
J. J. Krstansky
Armour Research

Interference to Satellites
0. M. Salati
University of Penna.

Transmission Lines (& Filters)
D. C. Ports
Jansky & Bailey

Interference in Propagation
R. B. Schulz
L. Valcik
Armour Research

Graphical presentation of Filters
M. H. First
Filtron Company

Antennas
E. Jacobs
University of Pennsylvania

Man-made RFI & FCC Enforcement
FCC, Washington, D. C.

Instrumentation
Dr. R. M. Showers
F. Haber
University of Penna.

This is the first in a planned
series of editorial features on
Radio Frequency Interference
arranged for by the editors
of ELECTRONIC INDUSTRIES

DRACTICALLY all interference in communicationsr equipments is caused by energy generated at cer-
tain frequencies inside a transmitter. This energy is
eventually transmitted to the receiver through such
routes as the antenna system, transmitter case, and
power leads.

There are other sources of interference not asso-
ciated with transmitters. These include receiver
emissions, power systems, appliances, machinery,
vehicle motors, and the various processes of nature.
But we will not discuss those here.

The interference generated in a transmitter is
usually considered in the categories of spurious and
harmonic radiations from the case, leads and antennas,
carrier noise, sideband splatter, cross -modulation, and
intermodulation. The interference effects such as
desensitization, spurious responses, and co -channel,
which are produced in receivers by the carrier, will
not be discussed here. It is more appropriate to dis-
cuss them when considering receivers and frequency
selection schemes.

A few general remarks can be made concerning the
interference generated and radiated from a trans-
mitter.

(1) The frequencies at which the interference will
appear can be calculated by means of linear equa-
tions. Thus, if all of the signal sources inside a trans-
mitter are known, it is easy to predict the frequencies
of the outputs.

(2) The amplitudes of the outputs depend on non-
linearities, which are present in all active devices.
Therefore they cannot be calculated with any degree
of accuracy unless all of the nonlinearities are known
to a high degree of accuracy.

(3) If one transmitter's interference measure-
ments are going to be applied to other transmitters
of the same type, then a high degree of accuracy may
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If all the signal sources inside the transmitter are known

then the frequencies at which the interference will appear

can be calculated by rather simple linear equations. It is
somewhat more difficult to calculate amplitudes, because

these depend on non-linearities. Other methods must be used.

Making Transmitters RFI-Free

not be warranted. This is true because of the set -to -
set variations in the level of interference.

(4) The relative importance of the various types
of interference changes with transmitter type. For
example, case radiation may not be important for a
transmitter that has very little filtering in the output
stage. Therefore, it is difficult to assign relative
values to the various types of interference.

The measurement of most transmitter -generated
interference is relatively easy and straightforward.
Suitable measuring equipment has already been de-
veloped for most of the tests. The procedure for each
test is to select a piece of measuring equipment and
a suitable sampling point and record all outputs that
are present.

The suppression of transmitter interference covers
a very large range but the principles are basically
simple. If for a particular application a certain fre-
quency is causing trouble in adjacent equipments, it
can be eliminated by means of traps or stubs. How -

Fig. 1: Block diagrams of frequency conversion systems. The
two oscillator system (b) complicates the RFI problem with
the inclusion of sum and differences of the two oscillators.

OSCILLATOR I MULTIPLIER
POWER

AMPLIFIER

(3)

OSCILLATOR
NO I MIXER MULTIPLIER

POWER
AMPLIFIER

(b) OSCILLATOR
NO. 2

By C. E. BLAKELY
and R. N. BAILEY
Research Engineers
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, Georgia

ever if the transmitter is a production type that must
be used in many different installations, suitable filters
must be designed to suppress all the outputs to a
negligible level. These filters must be placed in the
power leads, antenna leads and control leads. Also,
with respect to case leakage, the case must be made
as tight as necessary by means of gaskets and

screens.
There are cases in which it is not necessary to sup-

press the outputs of a transmitter to a lower level
until the state of the art of receiver design has
progressed further. For example, as shown later,
receiver intermodulation is usually more serious than
transmitter intermodulation, and carrier noise is not
as serious as the desensitization caused by the strong
carrier. Of course, as receiver design improves, it will
become necessary to suppress these quantities further.
With the frequency spectrum becoming more and
more crowded it becomes important that all forms of
transmitter interference be considered in initial
equipment design and in channel assignment. This
becomes necessary in cases where a large number
of channels will be used in a confined area. Disrup-
tion of communications by interference can have seri-
ous consequences.

Spurous and Harmonic Emissions

Transmitter circuitry may assume a variety of
forms. For the purpose of this article, the two block
diagrams shown in Fig. 1 will illustrate the prin-
ciples involved. The transmitter characterized by
Fig. la is the ordinary frequency multiplication com-
munications type. It has a low frequency master
oscillator and a chain of frequency multipliers to
obtain the operating frequency. The frequency multi-
pliers are by necessity quite nonlinear; therefore, the
output of each is rich in harmonics. Thus the output
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Transmitter RFI (Continued)

of the first multiplier will contain a large number of
master oscillator harmonics. One of these is selected
by the plate tuned circuitry and passed on to the
next stage. One particular harmonic will be accentu-
ated, but several additional harmonics of significant
amplitude will also arrive at the grid of the next
stage. The levels of these unwanted harmonics, with
respect to the selected frequency, can be calculated
approximately by the following expression, which
relates the voltage output of any master oscillator
harmonic to the desired or selected harmonic.

where

E.

= V1 + S2 E°
S.

Selectivity = = Q, - -

k n k
= Q.

2kk+-1-knn+;

where

Q, = effective Q of the tuned circuit
= Q (1 -n)

k = multiplication factor of the stage
n = positive or negative integer, In' <

(1)

(2)

For k = 2, Q. = 50 and n = ±1, i.e., a frequency
doubler, the fundamental will be attenuated approxi-
mately 37 db and the 3rd harmonic 32 db.

Thus it is apparent that in addition to the desired
harmonic, harmonics of the master oscillator will
arrive at the final amplifiers at appreciable level un-

Fig. 2: Spurious and desired frequencies in
the output of a high -frequency modulator
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less extremely high Q circuits are used. Practical
limits on tuning and efficiency usually require that Q.
be approximately 40 or 50. Also, any spurious
resonance) of the circuitry will tend to raise the level
of certain bands of harmonics at frequencies widely
separated from the desired frequency. This is be-
cause at each spurious resonance the same formula
will apply with a different Q,. The same analysis will
also apply to the harmonics of the output stage of the
transmitter. Thus, there will be two distinct sets of
harmonic emissions, one related to the master oscil-
lator and the other related to harmonics of the
carrier.

The circuit of Fig. lb will perform in the same
manner as la with one exception-the output is now
complicated by the addition of several frequencies due
to sums and differences of all the oscillator fre-
quencies. If two or three frequency translations are
used, a very large number of harmonic outputs can
be anticipated. This has been discussed by J. J.
Hupert1°. 11 in detail and summarized by the follow-
ing statement:

"Frequency composition has one inherent dis-
advantage, namely that of producing frequencies
other than that of the wanted channel. It should
be remembered, however, that ordinary fre-
quency -multiplication also produces unwanted
frequencies as a result of the modulation of the
selected harmonic by the adjacent one. The num-
ber of channels on which the possible disturbance
can occur increases with the total multiplication
factor applied in the set."
Fig. 2, taken from A. E. Kerwien'sl° paper which

discusses the design of modulation equipment for
SSB transmitters, is a chart of the spurious and
desired outputs in the tuning range of an actual trans-
mitter. If the chart were extended to include the 2nd
harmonic of the carrier, then this spectrum would be
repeated with all the lines spread by twice the fre-
quency shown, and the amplitudes would be reduced.
The same is true for 3 times the carrier frequency,
etc. Measurements show that the interference created
by a transmitter extends for a considerable range
above its basic tuning range. In all the preceding
discussion only the harmonic output of the various
oscillators has been mentioned, while the words
"spurious and harmonic emissions" are used to de-
scribe the output of a transmitter. Actually, in all
measurements made to date and in all literature seen
by the authors, no outputs were found that could not
be related to some frequency or combinations of fre-
quencies that were present in normal transmitter oper-
ation. While it is possible for a stage to operate on
two unrelated frequencies simultaneously, this does
not seem to occur in transmitters operating up to a
few hundred mcs.

Spurious emissions are usually measured by means
of a field intensity meter, dummy load, signal gener-
ator and attenuators. This is shown by the solid
lines in Fig. 3. If the radiated field strength is to be
measured, a calibrated dipole antenna is used as the
signal source for the field intensity meter. The usual
precautions to prevent errors due to overload and
desensitization, spurious responses, and harmonic
generation in the front end of the meter must be

1 3 4
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observed. Some experimenters use a selective circuit
in place of the attenuator. This is done to reduce the
level of the transmitter fundamental in order to re-
duce the aforementioned effects. However, this refine-
ment is unnecessary if the spurious outputs have been
suppressed by less than 80-100 db. This figure is
based on the NF -105 field intensity meter available
from Empire Devices, Inc. If a selective network is
used, care must be exercised to avoid errors due to
spurious resonances and impedance changes of the
network with respect to frequency.

Fig. 4 is the combined results of the measured
spurious outputs for 14 transmitters representing 7
types. The length of each line represents the range of
values and the circle is the mean value for each par-
ticular harmonic order. Since there may be more
than a hundred measurable responses for a 1-f trans -

Fig. 3: Block dia-
gram of spurious
emissions measure-
ments setup,
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mitter, only a few of the harmonics are shown. On
the average for several transmitters, the level ulti-
mately decreases to approximately 100 db with re-
spect to the carrier in the vicinity of the 15th har-
monic. It remains at about this value until they drop
out at several hundred megacycles for the typical
communications transmitter. A ripple of approxi-
mately ±-20 db is usually superimposed on this level

so that the envelope undulates from -80 to -120 db
below the carrier. The envelopes for two transmitters
of the same type but different serial number are
usually shifted in frequency so that individual har-
monics will show considerable variation in magnitude
from one serial number to the next.

Fig. 5 shows the measured spurious and harmonic
output for a transmitter which uses two frequency
doublers. An examination of the frequency scale
shows that outputs which are related to the master
oscillator and carrier are present; and the master
oscillator pair adjacent to the carrier follow Eq. 2.

The transmitter from which these data were obtained
uses a broadband frequency multiplier. Therefore, the
master oscillator fundamental is also present at the
output with an amplitude sufficient to cause serious
interference. In the preceding discussion all levels
were referred to the carrier. However, the absolute
levels will vary according to the absolute power out-
put of the transmitter. The levels shown in Figs.
4 and 5 were measured with the transmitter ter-
minated in a resistive load. From this one might
expect them to be considerably different if a complex
load were used. But, tests conducted with various
load magnitudes and phase angles indicate that the
harmonics are reduced in roughly the same propor-

tion as the fundamental. In almost every case the
output was lowered as the phase angle was varied.
This was expected because of the finite Q of the
tuning components.

In general, 4 techniques may be used to reduce or
to suppress the harmonic output of a transmitter.
They are:

a. better filtering,
b. better shielding between circuits,
c. stubs and traps for particular harmonics, and
d. more linear operation.

For a general purpose transmitter the first two are
the most practical. Linear operation of amplifiers
reduces efficiency, and traps and stubs must be read-
justed for each tuned frequency. Also, since traps or
stubs usually work well for only one particular har-
monic, a large number would be required for com-
plete suppression.

A study of the data collected for several trans-
mitter types shows some general trends in the har-
monic outputs as a function of the components and
circuitry. Transmitters that use the newer, more
modern tube types and components tend to have more
harmonic output than the older types. There are
probably two reasons for this:
1. The older components are more lossy and thus
the conversion gain decreases very rapidly with fre-
quency;
2. More tuning adjustments are usually provided on
the older models.
The example shown in Fig. 5 illustrates the tendency
to use untuned or very low Q circuits in the multi-
pliers, which, according to Eq. 1, will increase the
harmonic outputs. Measurements show that the har-
monic output is weaker for master oscillator con-
trolled transmitters than for other types. This has
also been reported by F. T. Wilson."

Infermodulation

R -f intermodulation is defined as the mixing of
two or more carrier frequencies in a nonlinearity to
produce new frequencies which are then radiated.
In recent years, considerable attention has been de-
voted to this form of interference as the result of
occurrences of serious interference. However, a great
deal of the attention has been devoted strictly to
mathematical analysis and theoretical discussions.

A REPRINT

of this article can be obtained by writing on company letterhead to

The Editor

ELECTRONIC INDUSTRIES, Chestnut Cr 56th Sts., Phila. 39, Pa.

Very little data has been published with respect to
intermodulation levels and the necessary frequency
separation between transmitters to reduce transmitter
intermodulation to an acceptable level. Because of the
limited amount of intermodulation data available,
very little effort could be made to include intermodu-
lation in system planning except to omit all inter -
modulation frequencies from consideration. A simple
method of predicting these levels from a small amount
of measured data is given in another paper by the
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Transmitter RFI (continued)

authors.2 There are two types of transmitter inter -
modulation, audio and radio frequency. The audio
intermodulation occurs in the modulator and r -f
stages but produces extraneous components only in
the passband and the adjacent channels. R -f inter -
modulation requires the presence of a 2nd transmitter
and produces radiations at the carrier frequency plus
and minus multiples of the frequency spacing between
the two transmitters. The r -f type will be discussed
here and the audio type under Sideband Splatter.

A discussion of intermodulation, for completeness,
should include an analysis of the mechanism of gene-
ration. But, due to the nature of this article, a few
statements will be made and the reader may refer to
references 8, 10 and 19 for a complete discussion.
Intermodulation products generated in an r -f amplifier
are related to the plate current, which can be repre-
sented by a power series of the form

i = a. + ale + a2e2 as& (3)

The constants in Eq. 3 are determined by the tube
characteristics and the operating point, which in turn
is dependent on the circuit parameters. In theory it
is possible to evaluate these constants. But in practice,
due to variation in tube characteristics and circuit
parameters, those constants which apply in one
specific case may not be sufficiently accurate for an-
other case. For our purpose here we will assume that
it is possible to evaluate the constants with sufficient
accuracy. It should be noted, that if the device were
perfectly linear, the 3rd, 4th, etc. coefficients would
be zero; however, almost all vacuum tubes have
higher order coefficients of significant magnitude.

If we assume an input voltage to the r -f stage of
the form

e = E1 sin wit E2 sin wet (4)

we can expand the power series to obtain the inter-
modulation products generated. The actual substitu-
tion of Eq. 4 into the 2nd, 3rd, etc. terms of Eq. 3
and simplification becomes quite tedious and long and
will not be given. However, the results will be dis-
cussed below and those interested may find a complete
analysis in the referenced literature. The output
resulting from the linear term of the power series
is of the same form and frequency as the input,
while the squared term results in a de component,
components at twice the input frequencies, and at
the sum and difference of the input frequencies.
These products will not usually be of importance
when considering the r -f intermodulation in the out-
put stage of a transmitter. The output circuit is
usually selective enough that the frequencies far
removed from the transmitter tuned frequency will
be greatly attenuated. The squared term, though not
important in the generation of transmitter inter-
modulation, may produce serious interference in a
receiver.25

The expansion of the cubic term produces a large
number of terms with components at the input
frequencies f1 and f2, and also at frequencies 3f1, 312,
2f1 ± f2, 2f2 ± f1 -

The intermodulation products of interest are those
which fall in the transmitter output passband. In
general, they are the difference products mf1 - 42,
where m and n are integers. As mentioned above, the
sum frequencies are not of importance because they
produce components which are considerably removed
from the transmitter passband. The sum of m and n
is usually referred to as the intermodulation product
order. It is the same as the exponent of the lowest
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power term in the power series that will produce
this particular frequency term. The amplitudes of
these signals are proportional to Elm E24. It should
be noted that the harmonics of the carrier necessary
for the production of these intermodulation products
usually already exist in the transmitter final amplifier
at relatively high levels. If the amplitudes of these
harmonics are considered as constants of harmonic
order in, then the amplitude of the intermodulation
products will be proportional to the nth power of the
amplitude of the signal coupled into the transmitter
which generates the intermodulation products, i.e.,

E/ 0: E."
where

E/ = intermodulation product amplitude,
E, = interfering signal amplitude, and
n = order of the interfering signal required to generate

intermodulation product of order m n.

Transmitter intermodulation measurements may be
made after installation of the transmitter, but a
better approach would be to have intermodulation
product data at hand for use in the initial planning.
Of course, initial planning of a system for freedom
from intermodulation interference requires a knowl-
edge of the frequency and approximate signal levels
at the proposed transmitter site. These can usually
be obtained or estimated.
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The test arrangement shown in Fig. 3, where the
dotted portion represents the interfering signal, is
a convenient one to use for making intermodulation
measurements. Tests performed on equipment using
this arrangement showed that essentially no errors
were introduced in the intermodulation measurements
when the interfering signal, coupled into the trans-
mitter output, was 40 db or less below the desired
signal. Greater attenuation, however, resulted in
intermodulation product levels so low that too little
attenuation was used at the receiver input. This
resulted in some error due to receiver desensitization
and/or intermodulation. This effect is worst, with
receivers which have bad intermodulation and desen-
sitization characteristics.

Intermodulation measurements by Blake show an
example of intermodulation interference which it is
not always possible to eliminate in initial planning.
He found that two signals were being intermodulated
in a nonlinearity due to corrosion between two plates
in a metal structure. Transmitter intermodulation
has also been attributed to corroded bolts or joints
in the transmitter tower or circuitry and nonlinear
monitor circuits. These types are most severe when
the device that generates the intermodulation has a
combined length of 1/2 X or multiples thereof.

Another case of intermodulation in which 3 pro-
grams were heard simultaneously was reported by
Brinkley.5 The particular case was three BBC VHF
FM transmitters using the same antenna with a
frequency spacing between carriers of approximately
2%. The relative level of each transmitter carrier at
the antenna terminals of the other transmitters was
-65 db. However, the products were strong enough
to produce a field strength of 5µv/meter at 31 miles
from the transmitting site. One characteristic was
that the deviations added so that the intermodulation
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products occupied 3 times as much spectrum as the
original signals. He found that the 3rd order products
were the most serious, with the higher products con-
siderably weaker.

Beauchamp3 reported that with 33 db attenuation
between two transmitting antennas, and 62 db at-
tenuation between the transmitting and the receiving
site, it was not possible to eliminate 3rd order inter -
modulation with 70 MC separation between the trans-
mitter frequencies. Our observations have been that

for transmitter frequency separations of greater
than 5% of the desired tuned frequency and antenna
separation of 70 db, there will be no measurable
intermodulation products. However, 3rd order inter -
modulation in a receiver25 can be serious to about
10% separation in signals; and 2nd order inter -
modulation can be serious for practically any separa-
tion when one strong local signal is present.
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Fig. 3 of Beauchamp's paper seems to be a combina-
tion of transmitter and receiver intermodulation.
Data obtained for 15 different transmitters and 14
different receivers show that the slope of the 3rd
order transmitter intermodulation curve vs the inter-
fering signal level for the product nearest the
frequency of the transmitter producing the products,
when plotted on a log -log scale, is unity ;2 and the
slope of the receiver intermodulation curve is two.25

It can be further shown that for small attenuation
between the transmitter and receiver site, receiver
3rd order intermodulation will be more serious than
transmitter 3rd order intermodulation. But, as the
attenuation is increased, the transmitter intermodula-
tion becomes more serious. Fig. 6 is a plot of the
data from a typical transmitter and receiver, where
the 2 transmitters are assumed to be located at the
same site and have a frequency separation of 100
KCS. For attenuation of less than 66 db between the
transmitting and receiving site, graph shows receiver
intermodulation is the more serious. Whereas, for
greater attenuation, the transmitter intermodulation
is the worst.

A decrease in the signal level of the transmitters
tends to cause the transmitter intermodulation to
become more serious at a smaller attenuation than
previously. And, for a change in attenuation between
the transmitter antennas, the coupling between the
transmitting and receiving site at which transmitter
intermodulation is the most serious tends to remain
constant. Of course, at some coupling value, depend-
ing on the transmitter intermodulation characteristics,
the transmitter intermodulation products will be
below the ambient noise level and will not be detected.

Fig. 7 shows the results of comparing the same
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group of transmitters, as shown in Fig. 4, from an
intermodulation standpoint for a 1% separation in
frequencies of the transmitter under test and the
interfering transmitter. The symbols have the same
meaning as those used in Fig. 4.

Typical intermodulation curves are shown in Fig.
8 for an h -f transmitter. The slopes of these curves
correspond very closely with theory, in that the
intermodulation curve for the 3rd order products on
the desired signal side (when the desired signal is
assumed to be the tuned frequency of the transmitter
which produces intermodulation) is unity. The slope
for the 3rd order products on the interfering signal
side is two. Higher order products were also found
to agree relatively closely with the theoretical slopes;
however, there was less agreement for higher order
products. This effect is at least partially due to mea-
surement difficulties as the intermodulation level
becomes small.

It will be noted that increasing the transmitter
frequency spacing decreases the intermodulation on
the interfering signal side more rapidly than that
on the desired signal side. This effect is the result of
the mechanism of generation. That is, the product
on the interfering signal side is proportional to the
square of the interfering signal. Now, increasing
the spacing will move the interfering signal farther
out on the skirt of the bandpass characteristic curve.
This effectively reduces the amplitude products more
on the interfering signal side. Since these curves
correspond so closely with theory, intermodulation
levels can be predicted from the data obtained by
a few measurements.2

As stated by Brinkley, transmitter intermodula-
tion can be avoided if separate suitably spaced
antennas, or suitably oriented directional antennas,
are used to reduce the mutual coupling sufficiently.
Additional means for suppressing transmitter inter -
modulation are to improve the output circuit selec-
tivity and/or the output stage linearity. When these
precautions are taken, receiver intermodulation then
becomes the important consideration.

Intermodulation resulting from nonlinearities in
the audio circuits and in the modulating process are
discussed with Sideband Splatter.

Case Radiation & Susceptibility
Almost all electronic equipment can emit spurious

radiation from its case or can be susceptible to case -
penetrating radiation generated by other nearby
equipment. The radiation fields which are present
around a transmitter case are at the same frequency
as those calculated by the procedure outlined in the
section on Spurious and Harmonic Emissions. How-
ever, the amplitudes do not have the same relation-
ships as those at the antenna terminals because the
path attenuations are different.

Case radiation consists of both low impedance
and high impedance fields. The former is most im-
portant up to 20 or 30 Mc and the latter from 30 MC
up. To make measurements of these fields in the vicin-
ity of a particular equipment, the electric field intens-
ity and magnetic field intensity must be measured
separately. These fields are not simply related as in
the case of the far, or radiated field. A calibrated
loop for the low frequencies and a calibrated dipole
for the high frequencies may be used to sample the
field. A field intensity meter may be used to determine
the magnitude.

Since these fields decay rapidly as the distance
from the radiator approaches a small fraction of a
wavelength, it is generally necessary to sample the
field near the case. The distance for sampling should,
however, be dictated by the normal juxtaposition of
the radiating case and susceptible equipment. There
are two basic procedures for measuring case radia-
tion : the open field method" and the screen room
method". Each method has certain advantages and
disadvantages which are discussed in the references.
13.20,23 The most important advantage of the open
field method is the unlimited frequency range, while
the screen room method is limited to 20 or 30 MC and
to small equipments.

Generally case radiation is not a serious problem
because the harmonic output at the antenna terminals
is usually always at a higher level. Fig. 9 is the
result of case radiation measurements for the same
transmitter as Fig. 5 by the open field method. This
spectrum is typical of that found in other trans-
mitters. Examples have been found in which the
antenna filtering was better than the case shielding.
Thus the case radiation would constitute interference.

The suppression of case radiation consists of pre-
venting current flow on the case and leads, the
grounding of all potential radiators such as knobs,
shafts, etc., the shielding of meters, inspection win-
dows, etc., and proper grounding of the equipment.

Case susceptibility to interfering signals is almost
negligible in transmitters; however, there are serious
examples of this type interference. If modulated r -f
energy from a nearby source should leak into low
level modulator stages and be detected it can modulate
the carrier in the same manner as the desired audio.
The suppression of this type of interference is the
same as for the case radiation. Case susceptibility
can be determined by means of a signal generator
and a small loop. The loop is energized and moved
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about over the case surface while a modulation
monitor or the modulation meter of the transmitter
under test is observed.

Power Leads

R -f, as well as audio voltage from a transmitter,
may be radiated from the power lines at an amplitude
sufficient to constitute interference. In general, the
levels from low and medium power transmitters are
such that they will not interfere with receiving
equipments through the power system directly. But,
according to S. F. Pearce22 the coupling between
supply wiring and the antennas on five merchant
ships was -70 db with a standard deviation (a) of
13 db. These values for steel ships are much better
than those for wooden ships. For wooden ships the
range of measured values were -50 to -90 db. He
also states that these values are much lower than
for domestic installations. Using these values as a
guide, couplings of -40 db might be expected for
installations with above -the -ground power systems
and no shielding.
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The average level of interference at the power
terminals is 100 db below the carrier for a typical
transmitter. This interference shows much the same
frequency composition and amplitude distribution as
the harmonic emissions at the antenna terminals (see
Fig. 10). Thus, unless the filtering at the antenna
terminals is much better than the power line filter-
ing, no new interference will be created due to power
line interference. In general, measurements show
that transmitters are not susceptible to signals enter-
ing through the power line. Most of the transmitters
that were found to be susceptible were vehicular
types that were not usually used where other trans-
mitters were connected to the same power systems.

Cross -Modulation

Cross -modulation is usually defined as the transfer
of modulation from one carrier to another in a non-
linear circuit. It is produced by the same mechanism
as intermodulation. Thus all the components of the
intermodulation spectrum, including the carrier.
radiated by a transmitter will contain the modulation

from both transmitters. However, the depth of

modulation on the desired carrier, due to the inter-
fering transmitter, is usually negligible in practice.33
One particular case of cross-modulation for a 150
kw transmitter and a 100 kw transmitter separated
by 9 km was reported by Schellmann and Vogt.28

The type of interference, discussed under Case
Radiation and Susceptibility, caused by leakage of a
carrier into the modulator of another transmitter, is
sometimes referred to as cross -modulation, which is
probably a misnomer although the definition is satis-

fied.

Sideband Splatter

Sideband splatter is a by-product of the modula-
tion process. It exists in all types of transmitters
with varying degrees of severity. A careful survey
of the literature will reveal varied definitions of the
term which will now be defined for use here. "Side -
band splatter consists of all those outputs of a trans-
mitter that are a result of nonlinearities in the audio
circuits, and the modulation characteristic which
produce undesired components in the desired band or
adjacent channels." This definition does not include
those out -of -channel radiations that are due to ex-
cessive bandwidth in the modulator.

Sideband splatter is generated in several ways. The
most common causes are modulation limiters, over-
driven modulators, poor regulation on the power sup-
ply, and nonlinearities in the audio amplifiers and r -f
modulating characteristic.

All of these factors tend to broaden the audio
spectrum considerably if the circuits generating the
side band splatter are not followed by suitable filters.
They also tend to degrade the desired signal,
since the first few harmonics of the low audio fre-
quencies, and all the difference frequencies, will be
in the passband of the desired signal. Rather exten-
sive analyses of sideband splatter have been made by
Price,24 Smith,29 Firestone,8, 9 Villard35 and others.
The paper by Price is highly mathematical and inves-
tigates the output of a transmitter for several dif-
ferent types of modulation characteristics. The con-
clusions are that if the mathematics represent the
actual transmitters, then the spectrum is not too

Fig. 9: Normalized electric field due to case radiation. This
is the result of measurements for same transmitter as Fig. 5.
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Transmitter RFI (Continued)

sensitive to the actual modulating characteristic. He
states that the spectrum near the passband falls off
as (1/Af)2 for AM and (1/z1f)3 for SSBSC, with a
greater rate at large separations in frequency. These
results tend to be supported by experimental data.

Firestone presented a theoretical analysis and some
measured data to support his analysis, it consisted
of assuming a power series representation of the
modulating characteristic and then evaluating the
coefficients by using experimental data. Actual calcu-
lations show a very good fit with experimental results.

10

0

,POWER OUTPUT 529 WATTS

la 100
FREQUENCY, MC/set

. 10: Output conducted interference, fo = 10 mc sec.

His theoretical analysis shows that, surprisingly, the
output of a poor AM transmitter will occupy more
spectrum space than the average FM transmitter.
Experimental results seem to show that the splatter
is proportional to the carrier. Thus the full carrier
transmitter is at one end of the scale and the sup-
pressed carrier transmitter at the other. The reduced
and controlled carrier fit somewhere between. Experi-
mental results, published by Firestone,8 for a typical
SSB suppressed carrier transmitter show that the
splatter components are approximately 40 db below
the band signal in the adjacent channels. The initial
slope is (1/6,f)3 and changes to (1/6j) at some
intermediate frequency separation.

Overmodulation has the effect of making the modu-
lation characteristic more nonlinear by operating the
tube over a larger part of the dynamic range on
positive peaks, and actually cutting the stage off on
negative peaks. A circuit is described by Villard which
is designed to eliminate the splatter caused by the
negative audio voltage cutting the stage off. But it
does nothing to prevent splatter on the positive peaks.
He accomplishes this by using a tube in parallel with
the output stage to supply a carrier of reverse phase
during the cut-off interval. If the output tube were
rated conservatively enough to perform well on the
positive peaks, then this method would reduce the
splatter significantly.

Sideband splatter may be evaluated by the two-tone
test or by loading the transmitter with noise. For the
two-tone test, two equal amplitude tones are adjusted
to produce a given percentage modulation or devia-

tion, or peak envelope power, and the distortion -to -

tone ratio is then measured. This ratio is -40 to
-50 db for a typical SSB transmitter. It can be
reduced to -60 db for a well designed transmitter.
One fault of the two-tone test is the inclination to
exaggerate the splatter spectrum and make the trans-
mitter appear worse than it actually is under normal
operating conditions.

The noise -loaded test is attractive because it does
not exaggerate the true splatter spectrum, but it is
more difficult to evaluate. This test is performed in
the following manner. The transmitter is loaded with
band -limited noise and the output spectrum is dis-
played on a spectrum analyzer and photographed. If
the filter characteristic of the noise generator is then
superimposed on this photograph, all those compo-
nents outside the filter characteristic are the result
of tr Insmitter splatter. Lund17 has shown that there
is a very close correlation (within 1 db) in the spec-
trums obtained for noise and voice loading of a SSB
transmitter. If the transmitter is of the baseband
multi -channel type, the standard test for cross -talk
is to load two channels with noise and then observe
the output of the other channels, in particular those
at the intermodulation frequencies. Any increase in
the output of these channels indicates intermodulation
and/or splatter in the baseband modulators and the
modulating characteristic.

The suppression of sideband splatter is done in
much the same manner as that of all other types of
interference, i.e., by increased filtering, improved
linearity, r -f feedback and regulation of the power
supply. It is essential that any nonlinear modulation
limiter be followed by filtering to avoid severe adja-
cent channel components.

Carrier Noise
The output of any oscillator consists of a discrete

and a continuous spectrum. The discrete spectrum
consists of the desired frequency and harmonics of
this frequency which were discussed under Spurious
and Harmonic Emissions. The continuous spectrum is
usually referred to as noise and is due to oscillator
frequency jitter, power supply noise, tube noise, etc.
Interference due to this continuous noise spectrum is
primarily adjacent -channel in nature but may extend
for a considerable number of channels for a high
power transmitter. In general this noise does not
degrade the desired signal appreciably. This is be-
cause the depth of modulation or deviation due to
noise is quite small compared to the desired modu-
lation. Smith and Shepherd" have stated that,

"Among the various methods of modulation it
has been shown that one of the prime cases of
interference, modulation sidebands, can be re-
duced by attention to deviation, modulator audio
bandpass, and amplifier linearity. By way of
mention, and usually as a side issue, the presence
of transmitter noise has been mentioned. . . . In
many cases transmitter noise, rather than any
other difficulty, has been the thing which reduced
the range of reliable communication."

Transmitter noise, in some cases, has been obscured
by modulation splatter, and in some cases it has been
mistaken for modulation splatter. Smith31 shows in
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his paper that FM "transmitter noise" represents
interference in the range 80 to 90 db below the car-
rier. But, below the 90 db level the evaluation of the
noise is difficult since it depends on the selectivity of
the receiver which is used as the measuring device.
It should be stated at this point that, in general,
receiver characteristics are usually measured with
signal generators which have worse noise character-
istics than transmitters."

Analytical studies show that for a low index of
modulation, the power density falls off at a rate of
1/Af for amplitude modulation, where A/ is the sepa-
ration from carrier frequency, and is flat for phase
modulation. Curves published by Smith & Shepherd
for transmitters tuned to 30, 45, 160 and 450 Mc tend
to verify these conclusions for the power amplifier
alone. However if the complete transmitter is in-

cluded in the measurment, the output is higher in
level and the slope changes at some intermediate
separation such that the power density changes at
the rate of (1/M)2. The worst case of transmitter
noise reported was that of a SSB transmitter tuned
to 450 Mc whose noise level was 63 db/Kc below the
carrier at a frequency separation of 10 KC. The aver-
age noise level for Most FM and AM transmitters
seems to be 80 to 90 db/Kc below the carrier. Gen-
erally speaking, FM transmitters are better than AM.

Measurement of transmitter noise with sufficient
accuracy at the level of interest-below 80 db below
the carrier-is difficult. The measurements are influ-

enced by the dynamic range and selectivity of the
receiver which is used as the measuring device. Re-
duction of transmitter noise can best be accomplished
in the design stage by providing suitable filters fol-
lowing the audio stages, mixers, modulators, and
oscillators. An optimum design including these filters
will have a noise output which is determined, in a
major part, by the characteristics of the final amplifier

stage.
Smith has stated that Class C amplifiers tend to

have less noise output than do linear amplifiers. Pub-
lished data32 also tend to show that transmitter noise
becomes worse as the transmitter tuned frequency
increases.
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Interference to, and from, electronic equipment should be con-
sidered from a systems viewpoint. The interference problem should
be checked at every stage-design, development, production-
right through to equipment delivery. Measures taken to combat
interference after the equipment is built are on a "crisis" basis.
These types of solutions are not desirable because a system com-
promise must be made

Consider
Interference

in Systems
Design

By ROCCO F. FICCKI
Systems Engineer

RCA Service Co.*
217 Highland Ave.

Westmont, N. J.

This is the second in a planned
series of editorial features on
Radio Frequency Interference
arranged for by the editors
of ELECTRONIC INDUSTRIES

INTERFERENCE should be a primary concern in
the design of any electronic system. From two

viewpoints. The system should, first of all, not gen-
erate an interfering signal, and second, it should be
able to reject unwanted "signals."

Interference may be defined here as the undesirable
effects of one part's functions on the operation of
another part. Sometimes this carry-over is so slight
as to be of no consequence. In this case no inter-
ference problem exists. But, on the other hand, the
problem can be so severe that the affected system will
be inoperative. This is the problem that must be con-
sidered and guarded against.

One approach to this problem is to supply the de-
signer with a general specification of noise require-
ments, treat the problem as one of seconeary impor-
tance, and remedy any troublesome interference after
the equipment has been built. This is the "crisis"
approach; nothing much is done until the problem
arises in the testing stages. Then an extremely
urgent effort is made to find a solution. The solution
is usually highly complex, expensive, and almost cer-
tainly detracts from the overall system performance
in its original conception.

The system approach is to establish and maintain
a well integrated effort from the orginal concept,
through the production of all the parts to the com-
pleted system. Minimizing the interference problem
and obtaining the most practical and economically
feasible solution is the only way that optimum system
performance may be obtained. The function of a
designated engineering group* would be to take the
responsibility of producing an electronic system, the
performance of which would not be lowered or made
less reliable because of interference problems. The
group could monitor these problems as encountered
by the design engineers. (See Editor's note at the
end of article.)

The application of the system approach to the prob-
lem of interference control in a large electronic sys-
tem requires a continuous program from the system
planning stage, through fabrication, to final installa-
tion. This program can be divided into four phases,
roughly corresponding to the following stages in the
development of a system:

System Planning Stage
Subsystem Planning Stage
Design Stage
Fabrication & Installation

- -
* The RCA Service Company is a division of the RadioCorporation of America. This division is subdivided into four

groups-Consumer Products, Technical Products, Government
Products and Electronic Data Processing. The Service Com-
pany employs 14,000 engineers and technicians and is responsi-
ble for the installation and servicing of RCA equipment, tech-
nical publishing, teaching, and field engineering.
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Radio frequency interference should al-
ways be considered from a systems view-
point. This is just as true for a module
(below) as it is for a high-powered radar
(right) such as the one developed by MIT.

During all four phases, however, the economic
feasibility of what effect the interference reduction
in a subsystem has on the entire system must be
constantly given important consideration. The value
of any effect of a subsystem interference reduction
program must be measured against its effect on the
whole system.

System Planning Stage

Phase 1 of the interference control program is
initiated during the system planning stage. The ob-

jectives of this phase of the program are:
1. Determination of the effects of external environ-

ment on system, and effects of system on external
environment;

2. Determination of the compatability of subsystem;

3. Estimation of the ambient noise levels and recom-
mendation of tolerable noise levels;

4. Establishment of the basic scheme for signal trans-
mission ;

5. Specifications for architectural grounding system;
6. Suggestion for possible improvements to system

by modification of basic parameters.
One of the first tasks of Phase 1 should be to

investigate the systems capability to co -exist with the
external environment. The system must not be sus-
ceptable to disturbances from the external environ-
ment. It must not act as an unnecessary source of
disturbances to other electronic systems. Often this
requires a detailed survey of the environment.

Another problem is the intra-compatibility of sub-
systems themselves. One subsystem must not disturb
another. For example, an anti-aircraft missile system,
which utilizes both a tracking radar and a guidance
radar, must have both radar systems operating simul-
taneously to fulfill its mission. Any interaction be-

tween the radar system could not be tolerated. The
susceptibility and noise generating potential of each
subsystem must be fully investigated to predict any
possible trouble areas and to suggest a means of

removing the cause. From this investigation, the
ambient noise levels of the various areas of the sys-
tem can be determined. At this time a basic ground-
ing philosophy should be established and a specifica-
tion prepared for the architectural ground system to
provide for satisfactory operation of the system. Also
a specification covering the general interference de-
sign parameters should be prepared.

Subsystem Planning Stage

Phase 2 of the interference program is carried out
simultaneously with the subsystem planning stage.
As the detailed subsystem design specifications are
developed, the interference program should use this
information to accomplish:
1. A detailed specification for signal transmission

circuits. This should include a preliminary tabula-
tion of the various types of signals to be used. An
effort should be made to standardize these. Also
signal transfer methods should be selected, such
as balanced lines, coax, twisted pair, etc. This
should be carried out down to the module level.

2. The utilization and distribution of power supplies
should be considered and preliminary design work
started. This should provide most of the required
decoupling in the most economical manner.

3. A detailed grounding specification for all compo-

A REPRINT
of this article can be obtained by writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES, Chestnut & 56th Sts., Phila. 39, Pa.
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Systems Interference (Concluded)

nents of the system can now be prepared. This
specification should contain all information neces-
sary for the electrical and mechanical design of
cabinet grounding, module grounding, connections
to building grounds, etc.

4. A further investigation of the compatibility of the
various equipments of the system should be made.
This should be a more detailed study than that of
Phase 1, and would greatly aid in the integration
of the components into subsystems and then into
the system. This would also have the effect of
having the same design engineer cognizant of both
the load and source ends of a transmission circuit,
and thereby greatly reduce the problems that so
often arise, such as mismatch due to improper
cable termination, improper signal levels and im-
proper allocation of coaxial cable, twisted pair, etc.

SYSTEM 14
PLANNING

SUBSYSTEM
PLANNING

DESIGN

FABRICATION
AND

INSTALLATION

VALUE
ENGINEERING

Application of an in-
terference program to
system planning

Design Stage
Phase 3 of the interference program is related to

the actual equipment design stages. At this time,
all equipment designs should be reviewed with respect
to noise generating and noise susceptibility charac-
teristics and any other problems. Recommendations
can be made for solutions. All cabling design should
be reviewed and bad practices pointed out. The effects
of the power distribution system on the signal trans-
mission cabling should also be considered. Also, the
initiation of a program to assist the design engineers
with filtering and shielding problems.

As detailed design information becomes available,
the preparation of specifications for interference
testing is made. These tests should be designed to
insure proper operation of the system under all re-
quired conditions, and to minimize the effect of the
system on the external environment. They should
be made at component, subsystem and system levels.

Final Phase
The final phase of the interference control program,

is mainly the correlation of test data on interference
control with the original system concepts to insure
that the system will meet all basic operations and
interference generation requirements. All inter-

ference problems found during testing must be
studied to find the basic cause, and recommendations
made as how to remove this cause. Also, any modifi-
cations to the system should be studied to determine
effects the modifications will have on interference
control.

Conclusions
In every interference control program a case

history should be prepared to use as a guide in de-
signing future systems. When preparing such a
history, careful attention should be given to the in-
clusion of all pertinent test measurements and design
details.

If the program just outlined is followed, together
with sound engineering judgment, many advantages
of this preventative design approach will become ap-
parent, viz :
1. One basic system parameter-interference will be

minimized.
2. Overall costs will be reduced due to a minimum

number of changes in the final stages of develop-
ment.

3. Production of specific items will often be less
costly.

4. Shipment delays will be avoided.
5. The customer will be satisfied.

The author wishes to thank Edward E. Smith,
Systems Engineer, RCA Service Company, for his
assistance in preparing this article.

Editor's Note
The author mentions a point that we feel should

be emphasized. He suggests that a group be des-
ignated specifically to handle the interference prob-
lem from the systems angle.

We have discussed this idea with people in the
field. From these discussions one point came to light.
Management must designate this group of engineers.
At least one of the group should be of management
level, and their duties and scope of authority must
be spelled -out.

This group would make sure that the proper ap-
proach to interference is always taken. They should
also monitor interference problems as they arise, and
are solved by the design engineers. This is to be
done with the view that such solutions do not in any
way compromise the overall system performance.

The group would have to outline a well defined
program, and see that it is followed. They should
have the authority to prohibit any production line
or field changes that may circumvent the interference
program. Production line or field changes can be
a particularly touchy problem. That's why the group
must have at least one member at a management
level or with management authority.

REFERENCE PAGES
The pages in this section are perforated for easy re-
moval and retention as valuable reference material.

SOMETHING NEW HAS BEEN ADDED
An extra -wide margin is now provided to permit
them to be punched with a standard three -hole -
punch without obliterating any of the text. They can
be filed in standard three -hole notebooks or folders.

144 ELECTRONIC INDUSTRIES March 1960



What's New . .

Slide Plate

for Visual Display
ANEW development in the field

of in -line digital displays is
the Slide Plate. It is manufactured
by Industrial Electronic Engineers
Inc., 5527 Vineland Ave., North
Hollywood, Calif.

The Slide Plate accepts binary

Ligkt Source

Fre5nel Leos

Cha,acter PIO

Bcfi.:;rn

coded decimal (BCD) input and
displays alpha -numeric characters.
This means that the unit does its
own translating and does not need
auxiliary translaters, relays, or
diodes. It will accept any BCD or
teletype code up to 6 bits, do its

(Right) Top view of
the Slide Plate read-
out display indicates
compactness.

Lucc'e
One- ",lane
tile,evng
Cc ee

(Left) The various
components of the
readout display are
shown in this ex-
ploded view.

own translating, and display the
proper character.

The device works on such low
signal power input that it can be
connected directly to transistor or
vacuum tube flip-flops without in-
termediate buffers or amplifiers
and without overloading the flip-
flop. This means that it can be
connected directly into computers
and other electronic equipment.
The prototype unit is very sensi-
tive indeed. It operates on less

(Continued on page 268)

A Variable Limit Circuit Breaker
OFTEN the protection of high voltage and high

current circuits is not adequate because the pro-
tecting element is too slow or not sufficiently accurate.
A new circuit breaker, using solid state components,
that will open circuits in less than 1/2 cycle is now
available. The breaker threshold is variable from .5
to 100 amperes with sensitivity accurate to 1%. This
allows presetting the overload point to the exact re-
quirements of the circuit or equipment to be protected.

The unit is manufactured by Resitron Laboratories,
Inc., 2910 Nebraska Ave., Santa Monica, Calif.

In installation, the overload sensing element, a
toroidal transformer, is inductively coupled to the
primary circuit, eliminating the need for inserting
resistors in the line. When the load current is in-
creased sufficiently to overcome the bias applied to
the toroid through a variable resistor, the breaker
is actuated, opening the circuit. When overload con-
ditions are eliminated, the protective device returns
to normal with the protected circuit returned to
operation.

Circuit voltages of from 50 volts to 100,000 volts

can be protected. The high vacuum relay shown is
one of many types supplied with the unit which allow
protection at either primary or high voltage levels.

Applications include radar systems, high voltage
test equipment, x-ray equipment, and transistor test
equipment power supplies.

This illustration
shows packaged
solid-state current
sensor, toroidal
transformer which
monitors input cur-
rent and high vac-
uum relay for rapid
disconnect.
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What's New

Scope Reads-OL!'

In Numbers

DUMONT'S new high perform-
ance oscilloscope, designed to

"human engineering" principles,
provides an unusual combination
of interesting features. The Model
425 scope offers direct digital read-
out of wave form measurements,
modular plug-in construction with
a variety of interchangeable ampli-
fiers and exceptional high fre-
quency response.

The scope has a digital readout
system that permits accurate read-
ings every time on the production
line or in the lab. After an origi-
nal set-up by an engineer, the
operator can read the amplitude
and time measurements as actual
digits on the scope panel. Further,
the scope can be tied directly, by a
connector, into data processing or
punch -card equipment for auto-
matic recording and data analysis.

In operation, the digital system
is relatively simple. On the face
of the instrument, six thumb

The DuMont model
425 is completely
modularized for easy
servicing.

wheels and a joy stick positioner
control are employed to traverse
two display dots across the face of
the cathode-ray screen. The two
dots are moved in unison by the
joy stick or index positioning con-
trol. When one dot-the indexing
dot-is positioned on a reference
part of the waveform, the two
thumb wheel sets (horizontal and
vertical) are then used to move the
second (scaling) dot to the other
position on the trace where the
measurement is to be taken. The
thumb wheels, while moving the
scaling dot, also control the digital
display, and when the two dots
are positioned, the exact time and
amplitude are read directly in
volts, seconds, milliseconds or
microseconds. The reading elim-
inates the need for any dial multi-

Dr. D. J. Shombert, research scientist at Merck, Sharp & Dohme Research
Labs uses new DuMont scope to analyze the structure of silicon crystals.

plication, interpolation and paral-
lax adjustment, and is reputed to
be more accurate than any human
measurement because the possibil-
ity of error is eliminated.

The oscilloscope also features
modular construction. It contains
five separate chassis, all separately
interchangeable. This feature re-
duces the average maintenance
problem to 20 minutes compared to
several hours for other oscillo-
scopes. Breakdowns can be cor-
rected immediately by inserting a
spare, plug-in circuit. To accom-
plish this construction feature,

MORE

What's New
on page 272

Du Mont engineers designed the
425 to include five separate mod-
ules. As a result, the distributed
amplifier, one of the plug-in mod-
ules, was designed with a canted
tube alignment to minimize coup-
ling. Equipment does not require
selected tubes for replacements.

Previously instruments of this
nature contained no more than one
plug-in. The 425 scope provides
two plug-in facilities. A wide
variety of interchangeable ampli-
fiers offers versatility and insur-
ance against obsolescence. The
interchangeable units for X func-
tions include delaying sweep, dual -

trace capabilities, and X -amplifica-
tion. The Y plug -ins presently
range from a 50 my/cm, 33 mc
amplifier to a 500 uv/cm, 3-5 Mc
unit of high stability and balanced
input. Signal generators, passive

(Continued on page 269)



VISIT BOOTH NO. 2535 AT THE I . R. E. SHOW

CINCH SOCKET

iz FOR THE RCA

NUVISTOR TUBE

Low insertion force and contact
protection ... require minimum
space...fullfilling every re-
quirement for miniaturized
equipment

ELECTRICAL RATINGS:
VOLTS

VOLTAGE BREAKDOWN: AC R MS DC

Sea level (adj. terminals) 1600 2600
Sea level (to ground) 1800 3000
Altitude 3.4 in. hg. (adj. terminals)

50,000 ft. 500 800
Altitude 3.4 in. hg. (to ground) 600 900

No. 133 65 10 001

VOLTAGE RATINGS:

Seal level (adj. terminals) 550 850
Sea level (to ground) 600 1000
Altitude 3.4 in. hg. (adj. terminals)

50,000 ft. 160 250
Altitude 3.4 in. hg. (to ground) 200 300

RECOMMENDED WITHSTANDING VOLTAGE:

Seal level (adj. terminals) 1200 1500
Sea level (to ground) 1300 1600
Altitude 3.4 in. hg. (adj. terminals)

50,000 ft. 350 600

Altitude 3.4 in. hg. (to ground) 450 700

Current Rating: 1 ampere

Contact Resistance: 0.05 ohms Maximum

Insulation Resistance: 50,000 Megohms Minimum

Capacitance:
Between one contact and all other
conducting parts. .25 mmf Maximum

Electrical tests performed in accordance with EIA
Standard RS -167.

f
ACTUAL

SIZE

No. 133 65 10 001

The socket provides two slots of
different widths mating with two

corresponding legs depending from the metal envelope of
the tube to index the tube and socket contacts. As a result
the tube can be inserted by feel only and it is impossible to
insert the tube incorrectly or damage the contacts. The
socket saddle provides spring elements that engage with the
depending legs of the tube envelope thus grounding the
envelope to the panel.

The socket body is of low loss phenolic insulation, Type MFE.
The saddle is of cold rolled steel, cadmium plated. The con-
tacts are of copper alloy with cadmium plating.

Although the contact tails are of sub -miniature size, an ample
slot is provided for ease of soldering connecting leads.

RCA
NUVISTOR TUBE

CINCH MANUFACTURING COMPANY

The socket fits into a .484 diameter hole
with two slots as shown below, and the two
legs of the socket that fit into these slots
fold over on the under side of the panel,
this holds the socket securely in place.

.484

.S93

Centrally located plants at
Chicago, Illinois; Shelbyville,
Indiana; City of Industry,
California; St. Louis, Missouri

.171

1026 South Homan Ave., Chicago 24, Illinois
Division of United -Carr Fastener Corporation, Boston, Mass.

Circle 84 on Inquiry Card



New Tech Data
Digital Instrumentation

Technical paper from Beckman/
Berkeley Div., 2200 Wright Ave.,
Richmond 3, Calif., describes "Digital
Instrumentation for Jet Engine Test-
ing." Included are: Typical Jet En-
gine Test Systems; Accuracy and
Speed of Digital Test Systems; Meth-
ods of Obtaining Appropriate Indica-
tions, and Summary of Available
Equipment.

Circle 225 on Inquiry Card

Rotary Solenoids
"Engineering Data Sheets" give

tech. details on "F" size, 300 in. -lb. -
degree Rotary Solenoid and, "C" size,
70 in. -lb. -degree Rotary Solenoid. In-
formation is given on solenoid torque
characteristics, direction of travel,
voltage requirements, duty cycles,
stroke in degrees, and ambient temp.
Pacsol Div., Illinois Tool Works, 3155
El Segundo Blvd., Hawthorne, Calif.

Circle 226 on Inquiry Card

Power Supplies
Bulletin describes SIE Airborne

Transistorized Power Supplies, Mod-
els TPC-18A and 19A. It includes
applications, schematic drawings and
specs. Products are for direct, plug-
in replacement of D -10A dynamotors.
Southwestern Industrial Electronics
Co., 10201 Westheimer Rd., P.O. Box
22187, Houston 27, Tex.

Circle 227 on Inquiry Card

Potentiometers
Data sheet from Helipot Div.,

Beckman Instruments, Inc., 2500 Ful-
lerton Rd., Fullerton, Calif., de-
scribes series of 7/8 in. dia., 10 -turn
precision potentiometers for servo
mounting. Included are preliminary
specs, environmental characteristics,
coil data, dimensional drawings and
photographs.

Circle 228 on Inquiry Card

Connectors
Illustrated, 12 -page catalog gives

specifications, outline dimensions and
general info on Series SM sub -minia-
ture connectors. Electrical and me-
chanical ratings meet or exceed MIL -
C -5015 and MIL -C-8384. Electric
Sales Div., DeJur-Amsco Corp., 45-01
Northern Blvd., Long Island City 1,
N. Y.

Circle 229 on Inquiry Card

Telemetering Systems
Specs of airborne telemetering sys-

tems using standard telemetry hard-
ware are featured in a systems spec
sheet from Dorsett Laboratories, Inc.,
P.O. Box 862, Norman, Okla.

Circle 230 on Inquiry Card

Peak Symmetrizer
Four -page illustrated b r o c h u r e

from Kahn Research Laboratories,
Inc., 81 South Bergen Pl., Freeport,
N. Y., describes Symmetra-Peak, a
passive network used by AM, FM,
and TV broadcasters to increase ef-
fective power and coverage range of
voice transmissions and to improve
limiter and AGC amplifier perform-
ance.

Circle 231 on Inquiry Card

! MORE !

The literature mentioned here has
been selected for contribution to or
advancement of the electronic indus-
tries. These items are combed from
several hundred bulletins, catalogs, and
data sheet announcements received
during the past month by ELEC-
TRONIC INDUSTRIES. To keep in-
terested readers informed of all new
developments, a summary record is
kept of ALL new products and tech
data announcements received. For a
copy of this month's list, please send
your request on company letterhead to
Readers' Service Dept., Electronic In-
dustries, 56th & Chestnut Sts., Phila.,
Penna. or Circle No. 161 on Inquiry
Card.

Teaching Servo Systems
Method for teaching servo systems,

using a Servolab (TM) Servo System
Simulator, that bridges gap between
theory and practice is described in re-
port SR -3 from Servo Corp. of
America, 111 New South Rd., Hicks-
ville, L. I., N. Y. Students can build
and test their own servo systems.

Circle 232 on Inquiry Card

Technical Journal
Airpax Technical Journal is devoted

to the study and theory of electronic
components and systems. Volume 1,
No. 1 features articles titled "The
Duel Between Vacuum Tubes and
Magnetic Amplifiers" and "The Mag-
netic Amplifier as an Integrating De-
vice." Airpax Electronics Inc., Semi-
nole Div., Ft. Lauderdale, Fla.

Circle 233 on Inquiry Card

Base Tab Stampings
Bulletin Z-102 describes solder clad

base tab stampings used in making
ohmic junctions to germanium or sili-
con junction transistors. It lists
specs on availability of base tab
stampings. Accurate Specialties Co.,
Inc., 37-11 57th St., Woodside 77,
N. Y.

Circle 234 on Inquiry Card

for Engineers
Electrolytic Capacitors

Four -page QE Bulletin NPJ-110,
describing computer grade electrolytic
capacitors, is available from Aerovox
Corp., New Bedford, Mass. Tech. in-
formation includes dimensional draw-
ings, performance characteristics and
table of stock values.

Circle 235 on Inquiry Card

Rectifier Analyzer
Data sheet 106 contains description

of Wallson 20 Ampere Dynamic Rec-
tifier Analyzer, Model 141A. Forward
current and reverse voltage are inde-
pendently adjustable. No auxiliary
equipment needed. Wallson Asso-
ciates, Inc., 912-914 Westfield Ave.,
Elizabeth, N. J.

Circle 236 on Inquiry Card

Converter
Data sheet describes Voltage - to -

Time Converter Model 1230. It fea-
tures 10 msec. conversion, 0.05% ac-
curacy and connects directly to Sys-
tron Models 1010, 1040, 1043, and
1031 to provide an in -line readout
(-±- 10,000) of de voltages. Systron
Corp., 950 Galindo St., Concord, Calif.

Circle 237 on Inquiry Card

X -Ray Chart
An 11% by 22 in. wall chart, shows

10 basic X-ray techniques used for
industrial quality control and scien-
tific research. Chart includes simpli-
fied diagrams, explanatory notes, and
a brief discussion of application.
Philips Electronic Instruments, 750
So. Fulton Ave. Mt. Vernon, N. Y.

Circle 238 on Inquiry Card

Variable Resistor
Data Sheet contains dimensional

drawings, electrical specs and de-
scription of Series M250 9/32 in. dia.
micro -miniature composition variable
resistor. Resistor is for miniaturized
equipment. CTS of Asheville, Inc.,
Skyland, N. C.

Circle 239 on Inquiry Card

Bandpass Filters
Data sheet No. 701 lists 6 models

of Audio Bandpass Filters. It deals
with bandpass filters designed for al-
ternate - band - separation use which
have high off -pass band impedances
permitting inputs to be paralleled
with no adverse effects on other cir-
cuitry. Control Electronics Co., Inc.,
10 Stepar Place, Huntington Station,
L. I., N. Y.

Circle 240 on Inquiry Card
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a continuing series on technical topics
of specific interest to engineers

capacitor
characteristic

designation

SNAP

6.
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COLOR  Ll\l"

and the story is told that Pelops was the son of
Tantalus and the grandson of Jupiter. He was slain and
served up before the gods by his own father, who wished
to test the omniscience of the Olympians. They were not
deceived, however, and would not touch the cannibal
feast. But Demeter (Ceres), absorbed in grief for the
loss of her daughter, Proserpina, tasted of the shoulder
before she discoverd what it was. Jupiter restored Pelops
to life, and replaced his shoulder with one of ivory, whence
the ivory shoulder of the sons of Pelops became a proverbial
phrase for the distinguishing or distinctive mark of any-
one, since all the descendants of Pelops bore this charac-
teristic. - Greek Mythology

The word "Characteristic" can mean many things in
the description of capacitors. This article is aimed at
removing some of the jargon associated with the term
and clarifying its meaning and application to various
capacitor types.

An indicator for "characteristic" is found in the
nomenclature of many types of capacitors. It does not
mean the same "distinguishing or distinctive mark" for
all types. This is sometimes a source of confusion for
equipment design engineers.

Typical examples of
product nomenclatures

including a "characteristic"
identifier are:

1. SBA1 H04104
2. CB11ND101K
3. SMDA1K 04104K
4. CE34C101E
5. CM15 E101K03

Items 1 and 3 are Sangamo nomenclatures for impreg-
nated kraft tissue dielectric capacitors. Item 2 is a MIL type
designation for a button style mica capacitor. Item 4 is a
MIL type designation for an electrolytic capacitor. Item 5
is a MIL type designation for a plastic encased, axial wire
lead mica capacitor.

The important information meant to be conveyed by the
characteristic letter is shown below for Paper, Electrolytic
and Mica capacitors.

PAPER CAPACITORS In the case of Sangamo products,
this letter tells us:

1. The specific impregnant used in the dielectric. "H" is
Sangwax, and "K" is Etherm. Detailed information
on these impregnants is set forth in Sangamo Reference
Data File-Folio 59-2.

2. High and low ambient test temperatures.
3. Minimum insulation resistance at 25°C., and at the high

ambient test temperature.
4. Maximum capacitance change (in per cent of the initial

value) from 25°C. to the low ambient test temperature.
5. Voltage (in per cent of rated) that can be applied to

establish accelerated life performance capability.
6. Maximum and minimum allowable service operating

temperatures consistent with normal life expectancy.

ELECTROLYTIC CAPACITORS The identifier letter spells
out the working temperature range of the product as maxi-
mum and minimum values in degrees Centigrade. The inher-
ent capability to perform is adjusted by:

a. Selection of insulating separators.
b. Formulation and control of the conductive electrolyte.
c. Selected processing techniques.

The performance parameters affected are:
I. At reduced temperature:

a. DC leakage current.
b. Capacitance change (in per cent of the initial room

temperature value).
c. Equivalent series resistance.
d. Impedance.

II. At high temperature:
a. Capacitance change (in per cent of the initial value).
b. Equivalent series resistance.

MICA CAPACITORS The characteristic letter defines the
capacitance stability of the unit during one "round trip" ex-
cursion from room temperature to minimum and maximum
temperatures specified for the capacitor, although it does not
specify the operating temperature range. It further defines
the maximum temperature coefficient of capacitance. In the
case of transmitting types, certain characteristic letters will
also be associated with a required fifty per cent derating of
radio -frequency current specified for that type.

The design factors affecting the "characteristic" perform-
ance of mica capacitors are:

a. The physical configuration (style) of the product. But-
ton style capacitors are most stable in the family of
mica dielectric units.

b. The relative nominal capacitance value in the design
range. High capacitance values are inherently more
stable than low values.

c. The electrode design. Styles using electrodes of de-
posited metal bonded to the dielectric plates (silvered)
are more stable than styles using independent metallic
foil electrodes.

d. Selection of mica quality.
e. Processing techniques.

It has been the purpose of this article to explore the mean-
ing of the word "characteristic" as it applies to describing
capacitor differences. While the term is used in a specific
rather than a general sense, it serves its purpose to describe
the "Ivory Shoulder" of the capacitor industry.

SC60-I

SANGAMO ELECTRIC COMPANY, Springfield, Illinois
-designing toward the promise of tomorrow
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ADVANCED

IDEAS
IN MEASUREMENT

See them at the

IRE show

BOOTHS
3927-29
WAYNE KERR

Absolute Standard of Low Capacitance

Available only from Wayne Kerr. A 3 -Terminal
capacitor constructed to value of 10 pAf,
accurate to 0.01%. Obsoletes substitution
methods of measurement.
Transformer Ratio Arm Bridges:

WAYNE KERR
Precision Low Impedance Comparator Type B-821

A 3 -Terminal bridge to compare impedances
in the order of 1000 ohms against a known
standard with accuracy of 0.001%... ratios
between standard and unknown of 0.8:1
to 1.2:1.

WAYNE KERR
Precision High Impedance Comparator Type B-921

A 3 -Terminal bridge to compare impedances
of the order of megohms against a known
standard. Accurate to 0.001%. Voltage ratio
adjustable between 0.333:1 and 3:1.

Other Wayne Kerr Measuring
Equipment You' Want to See

Audio to VHF Bridges; Oscillators; Attenua-
tors; Microwave Equipment; Vibration and
Distance Meters; Waveform Analyzer.

Send for catalog W -K-02.

Don't forget-Booths 3927-29
if you don't see us at the IRE show, or can't

attend, we'll be at the WESCON show, too.
If you can't wait, phone us in

Phila., LOcust 8-68201

WAYNE KERR
CORPORATION

1633 Race St., Philadelphia 3, Pa.

Representatives in major U.S. cities and Canada
Circle 86 on Inquiry Card

150 ELECTRONIC INDUSTRIES March 1960

New Tech Data

Resistors-Capacitors
Stock catalog No. 30A, 32 pages,

2 colors, from Ohmite Manufacturing
Co., 3695 Howard St., Skokie, Ill., lists
an increased selection in the com-
pany's product line as well as newer
products. Included are: a line ofpower rheostats, resistors, molded
composition resistors, and tantalum
capacitors.

Circle 212 on Inquiry Card

Non -Destructive Testing
Catalog sheet No. 570, on the Com-

pany's line of Megpot high potentialtest sets for non-destructive testing
from General Hermetic Sealing Corp.,
99 E. Hawthorne Ave., Valley Stream,Long Island, N. Y. The Model 570
Series has variable voltage ranges to0-5000 v.

Circle 213 on Inquiry Card

Coating Compounds
A brochure describes method of ap-plying coating compounds to electri-cal and electronic components at arate of 4000 per hr. Conforming

Matrix Corp., 474 Toledo Factories
Bldg., Toledo 2, Ohio. Bulletin tellshow compositions like epoxy com-
pounds can be used to form a tightseal for selenium diodes.

Circle 214 on Inquiry Card

Capacitors
Data sheet, Reference File CE -1.01,

describes fusion sealed glass capaci-
tors, guaranteed to be 4 times better
than military specs for moisture re-sistance. Electronic Components
Dept., Corning Glass Works, Brad-ford, Pa. Capacitors are in twosizes from 1 to 1200 wif, working
voltages are 300 v. and 500 v. from-55 to 125°C.

Circle 215 on Inquiry Card

Power Supply
Static Inverter - Converter supply

designed to operate off 28 vdc and
provide 3 phase 3200 CPS power at 1
kva, with additional outputs at 300
vdc for a total of 1300 va is described
in color brochure. Bulletin S-1057,
Magnetic Amplifiers, Inc., 632 Tinton
Ave., New York 55, N. Y.

Circle 216 on Inquiry Card

for Engineers

Rotameter Selector
Functional bulletin #110 shows a

line of rotameters. It states advan-
tages of variable area flow meters
and displays meters in specific areas
of application. Brooks Rotameter
Co., P.O. Box 432, Lansdale, Pa.

Circle 218 on Inquiry Card

Tape Reels
Four - page brochure on "Ampex

Precision Reels" contains outline
drawings, specifications, and general
information. Ampex Corporation, 934
Charter St., Redwood City, Calif.

Circle 219 on Inquiry Card

Theodolites
Brochure, 8 -pages, describing a

Series of Azimuth Alignment Theo-
dolites used to obtain azimuth ac-
curacy of inertially guided ballistic
missiles, has been published by the
Electro-Optical Div., Perkin-Elmer
Corp., Norwalk, Conn.

Circle 220 on Inquiry Card

Power Supplies
Single page bulletin PS2013 de-

scribes PI series of Plug-in Solid
State Power Supplies. Includes specs
and electrical characteristics. Del-
tron, Inc., 2905 N. Leithgow St.,
Phila., Pa.

Circle 221 on Inquiry Card

Coaxial Connectors
Radio frequency connector guide

and tech manual contains connector
illustrations, diagrams, and numerical
designations. It contains sections on
the use of connectors, coaxial cables,
and complete cable assemblies. Auto-
matic Metal Products Corp., 315-323
Berry St., Brooklyn 11, N. Y.

Circle 222 on Inquiry Card

Pulse Generator
Single catalog bulletin contains

specs for Model 4120B pulse gen-
erator. Instrument is compact source
of medium power, fast rise time
pulses. Electro-Pulse, Inc., 11861
Teale St., Culver City, Calif.

Circle 223 on Inquiry CardConversion Table
Conversion table for Rd/L values

for the convenience of those who re-
port the magnitude of color -difference
in terms of N.B.S. units. Values are
in accord with governing AS TM
Specs, and avoid intercalibration dif-
ficulties, as well as instrumental er-
rors, in reading L values from dials.
Gardner Laboratory Inc., P.O. Box
5728, Bethesda 14, Md.

Circle 217 on Inquiry Card

Resistors
Bulletin LC1066 from Cinema En-

gineering Div., 1100 Chestnut St.,
Burbank, Calif., describes wire -wound
micro -miniature and printed circuit
resistors. Wire -wound resistors are
the axial type and the PC resistors
replace the cinema PW series.

Circle 224 on Inquiry Card



SYNCHROS for GYRO PLATFORMS
VISIT US IN STUDIO K
Barbizon -Plaza Hotel
during the National IRE Sho
New York City, March 21-24
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SPREAD IN PAIN

6' max. error spread Synchro
for gyro Pick -Off
The 9G-17- and ST -17 -type pancake synchros

(SG -1.3- and ST -13- with housings) are our

mos.: standard line for gyr3 pick -off appli-

cati. is.

Tise units have been manufactured in

larg-?, quantity and a -e readily available for

protcype breadboarding. The high accuracies

sholti on the left are obtainable in standard

26v 115v units.

Pancake Resolver for Gimbal Mounting
Clifton Precision pro-
duces special pan-
cake resolvers for
direct gimbal mount-
ing. They were de-
veloped for use in
cascaded amplifier -
less resolver sys-
tems and have been
trimmed for 10K in-
put impedance, 0°
phase shift and a
constant transforma-
tion ratio, with tem-
perature, at 900cy.
Accuracies of 4', per-
pendicularities of 3'

and nulls of lmv/v
of output or less can
be held.

Special techniques maintain concentricity )et,veen rotor and
stator - thus reduci-g difficulties common y encountered in

gimbal mountings.

Custom Designed Pancakes
CPPC has developed a number of special pancakes (drawings

below) with relatively large bores and narrow stack heights.

Means have been devised to minimize error due to clamping

pressures on these thin units.

Special accuracies have been maintained where required.

Let us know your needs.

2 125 OtA

RESOLVER

0005
.0000

13- 6250 DiA-1
1.000 DIA

I 614 DIA

2.282 DIA

TRANSMITTER OR RESOLVER

1.9375 ' .0001 DIA

f....ot MK\

iff:Nti ineroce"

0000
.5850014.M

.705 014

750 003 MIN

,-PAYSMIT7ER

125 mA2

ASO ! 005

die eider In- thil rotating components 1 e to av _ rower;  roe or a 011teftftte eaeit

crr
C CLIFTON PRECISION PRODUCTS CO., INC

CLIFTON HEIGHTS, PENNSY LVAN1A
Sales Office: 9014 W. Chester Pike, Upper Darby, Pa., Hilltop 9-1200  TWX Flanders, Pa. 1122-or our Representatives
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New Tech Data
Microwave Tubes

Short Form catalog on microwave
and special purpose tubes list princi-
pal characteristics for more than 150
tubes. Microwave components in-
clude: traveling -wave tubes, ferrite
devices, magnetrons, and microwave
diodes. Special purpose devices in-
clude: decade counter tubes and trig-
ger tubes. High power devices in-
clude : X -band tunable magnetrons at
250 kw. The top frequency shown is
75 KMC for a BWO. Sylvania Electric
Products Inc., 1100 Main St., Buffalo,
N. Y.

Circle 241 on Inquiry Card

Hi-Fi Components
A 20 -page catalog featuring their

Stereomaster High Fidelity Com-
ponents for 1960 is available from
H. H. Scott, Inc., Dept. P, 111 Pow-
dermill Rd., Maynard, Mass. It in-
cludes an explanation of stereo, what
it is and how it works, typical instal-
lations, and tech. specs.

Circle 242 on Inquiry Card

Relays
Series 100 and Series 150 Relay

Technical Bulletins, 4 pages, illus-
trates and describes sensitive relays.
Relays described range upward from1 mw with contact arrangements
from 1 Form C through 4 Form C.
Input powers, contact ratings, and
coil resistance are included. GeneralAutomatic Corp., 12 Carton Ave.,
Mountain View, Wayne, N. J.

Circle 243 on Inquiry Card

Ferrite Isolators
Latest issue of "New from PRD,"

describes PRD 1203-1209 ferrite isola-
tors which are designed for max.
isolation and min. insertion loss over
a frequency range of 3.95 to 26.5
KMC. The 2 -page bulletin givestypical performance curves which
show VSWR, isolation, and insertion
loss plotted over the isolators fre-quency range. Polytechnic Research
& Development Co., Inc., 202 Tillary
St., Bklyn. 1, N. Y.

Circle 244 on Inquiry Card

Transformer Kit
Bulletin No. R-51 from Automatic

Timing & Controls, Inc., King of
Prussia, Penna., describes the Atco-
tran Differential Transformer Experi-
mental Kit. Seven complete differen-
tial transformers are supplied for
covering a linear range of ± 0.01 to± 2.5 inches.

Circle 245 on Inquiry Card

Plastics Table
Table shows significant physical,

electrical, chemical and optical prop-
erties of 9 thermoplastic materials.
Materials covered are acrylics, ace-
tate, butyrate, Taflon and Kel-F
fluorocarbons, nylon, polyethylene and
vinyls. Cadillac Plastic & Chemical
Co., 15111 Second St., Detroit 3,
Mich.

Circle 246 on Inquiry Card

! MORE !

The literature mentioned here has
been selected for contribution to or
advancement of the electronic indus-
tries. These items are combed from
several hundred bulletins, catalogs, and
data sheet announcements received
during the past month by ELEC-
TRONIC INDUSTRIES. To keep in-
terested readers informed of all new
developments, a summary record is
kept of ALL new products and tech
data announcements received. For a
copy of this month's list, please send
your request on company letterhead to
Readers' Service Dept., Electronic In-
dustries, 56th & Chestnut Sts., Phila.,
Penna. or Circle No. 161 on Inquiry
Card.

Duplexer Tubes
Handbook from Microwave Associ-

ates, Burlington, Mass., describes the
company's services and products. The
first section outlines the latest tech-
niques in duplexing circuits, including
both gas tube and ferrite techniques.
The second section explains some of
the more fundamental aspects of
duplexer gas tube design. Special at-
tention is given to crystal protection,
switching at high power, problems of
high temp. operation, recovery time,
and min. degradation of noise figure.
The third section explains the design
of a new rotary shutter. Included are
abbreviations and symbols and a chart
of the company's duplexer tubes with
data in tabular form.

Circle 247 on Inquiry Card

Electrical Resins
Catalog covers the entire line of

commercially available "Scotchcast"
brand electrical resins. The 28 -page
illustrated booklet discusses "Scotch -
cast" brand resins as an insulation
system, tells how to select the best
resin system for a job and lists more
than 20 flexible, semi -flexible, rigid
and special resins, with examples of
their applications. Dept. WO -10,
Minnesota Mining and Mfg. Co.
(3M), 900 Bush Ave., St. Paul 6,
Minn.

Circle 248 on Inquiry Card

for Engineers
Wall Chart

Reference table includes such com-
mon conversions as inches to centi-
menters, watts to horsepower, atmos-
pheres to Kgs/cm', cm/sec to mi./hr.,
ft.' to liters, microns to meters, quin-
tal to lbs. Precision Equipment Co.,
4411 E Ravenswood Ave., Chicago 40,
Ill.

Circle 249 on Inquiry Card

Communications System
Brochure from Adler Electronics,

Inc., One Le Fevre Lane, New Ro-
chelle, N. Y., has technical descrip-
tions and strategic applications of a
ground -air transportable; long range;
multichannel voice; teletypewriter
and facsimile communications system
-the AN/ T S C-16.

Circle 250 on Inquiry Card

Frame Grid Tubes
"Amperex Frame Grid Tubes for

TV," 13 -pages, describes how frame
grid tubes for TV applications are
manufactured and lists the specs of
these tubes. Amperex Electronic
Corp., Semiconductor and Special
Purpose Tube Div., 230 Duffy Ave.,
Hicksville, L. I., N. Y.

Circle 251 on Inquiry Card

R -F Chokes
Data sheet on r -f chokes with sub-

miniature characteristics is available
from Essex Electronics, Div. of Ny-
tronics, Inc., 550 Springfield Ave.,
Berkeley Heights, N. J. Two thou-
sand of these r -f chokes can be pack-
ed in a cu. ft. Included is a descrip-
tion of the electrical parameters for
the complete line.

Circle 252 on Inquiry Card

Directional Couplers
An eight -page brochure describes

directional coupler design and shows
types and models now available.
Graphs and charts as well as complete
electrical performance data are in-
cluded. Waveline Inc., Passaic Ave.,
Caldwell, N. J.

Circle 253 on Inquiry Card

Aluminum Foil Capacitors
Specs and performance character-

istics of their miniature and sub-
miniature aluminum foil capacitors
are described in bulletin 81558 from
International Electronic Industries,
Inc., Box R 19, Nashville, Tenn.
Standard rating and selection charts
for the aluminum encased and
ceramic encased capacitors are listed.

Circle 254 on Inquiry Card
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PUTTING MAGNETICS TO WORK

Smaller filters ease the squeeze!
Filter designers! First 160 -mu moly-permalloy

powder cores pack high performance into smaller space

Filter and inductor designers specify our 160 -mu moly-

permalloy powder cores for low frequency applications.
Where space is precious, such as in carrier equipment
and telemetering filters, the high permeability of these

160 -mu cores eases the squeeze.

In many cases, 160 -mu cores offer designers the choice of

a smaller core. In others, because inductance is 28 per-
cent higher than that of 125 -mu cores, at least 10 percent

fewer turns are needed to yield a given inductance.

If Q is the major factor, 160 -mu cores permit the use of

heavier wire with a resultant decrease in d -c resistance.

Like all of our moly-permalloy powder cores, the 160's

come with a guaranteed inductance. We can ship eight
sizes from stock, with a choice of three finishes-stand-
ard enamel, guaranteed 1,000 -volt breakdown finish, or

high temperature finish. Further information awaits
your inquiry. magnetics Inc., Dept. EI-78, Butler, Po.

MRGI7ETICS Inc.

VISIT OUR BOOTH 2437 AT THE I.R.E. SHOW
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New
Products ...for the Electronic Industries

CENTER TAPPED INDUCTORS
Type TQA toroid inductors are cen-

ter tapped for oscillator circuits and
have a stabilized core for max. temp.
stability. Available in 19 inductance
values from 7 mhy to 22 h, adjusted

-TQA-3
CASE

1 X32XII-16 32

0 ,.0 5 10

FREQUENCY - KC

200

e60

120

-4 8C

40

20 i00

to 1% accuracy. Max. Q is approx.
160 at 7.5 xc down to 20 at 400 CPS
and to approx. 30 at 75 KC for low in-
ductance values. Hum pickup is low
due to uniform toroid winding plus a
high permeability outer case, provid-
ing 80 db at coupling attenuation.
Units meet MIL -T -27A and carry
MIL identification TF4RX20YY.
United Transformer Corp., 150 Varick
St., New York 13, N. Y.

Circle 195 on Inquiry Card

CONVERTER
Decimal digit voltage -to -digital

high-speed converter, the MTD-704,
translates input analog voltages into
4 binary-coded decimal digits, plus
sign and overflow digits. Input full-
scale voltage range is 71-10 vdc, with
provision for an extended range of±12 vdc. Max. conversion rate is
5000 independent conversions a sec-

ond. Linearity and accuracy are
rated at 0.01%. Meets MIL-E -4158B.
Featured is plug-in modular design.
Equipment Division, Epsco, Inc., 275
Massachusetts Ave., Cambridge, Mass.

Circle 196 on Inquiry Card

TELEMETER OSCILLATOR
Transistorized, voltage - controlled

subcarrier oscillator, Model TOE -300,
the 1.5 cubic unit is applicable to
FM/FM telemetering systems for
missiles, space vehicles and aircraft.

Total requirement is 20 vdc at 5 ma.
Other characteristics include: input
ranges - 1 v. total (min.) - 5 v.
total (max.) ; input impedance -
100,000 ohms per v.; linearity -
0.5%; stability - 1%; temperature
range - 25° to 85°C; operating en-
vironment -± 25g. Bendix-Pacific
Division, Bendix Aviation Corp.,
11600 Sherman Way, North Holly-
wood, Calif.

Circle 197 on Inquiry Card

! MORE !
The New Products mentioned

here have been selected for
contribution to or advancement
of the electronic industries.
These items are combed from
several hundred new product
releases received during the
past month by ELECTRONIC
INDUSTRIES. To keep in-
terested readers informed of
all new developments, a sum-
mary record is kept of ALL new
products received. For a copy
of this month's list, please send
your request on company let-
terhead to Readers' Service
Dept., Electronic Industries,
56th & Chestnut Sts., Phila.,
Penna. or Circle No. 161 on
Inquiry Card.

BRUSH ASSEMBLY
Capsule slip ring and brush as-

sembly has 56 isolated circuits and
the rotor is bearing -mounted at both
ends. Total length is 0.982 in. with
O.D. of 0.624 in., with the exception

of the drive flange which is 0.750 in.
in dia. Leakage resistance is more
than 20,000 megohms at 500 vdc. be-
tween all circuits and between each
circuit and ground. Current ratings
are 0.5 a on 12 circuits and 0.25 a on
the remaining 44 circuits. Torque re-
quired is 65 gram -centimeters for
reliability at 25 g between 0 and 2,000
CPS. Electro-Miniatures Corp., 600
Huyler St., So. Hackensack, N. J.

Circle 198 on Inquiry Card

AMPLIFIER
Model 603, a broad -band de ampli-

fier, has 10" ohms input impedance,
high voltage and current gain, and a
remote differential input. Input head
may be operated up to 24 ft. from the
amplifier or plugged directly onto the
panel. Other features: 9 ranges from
2.5 to 1000 my, with precise gains up
to 4000 and a 10 v. output at 10 ma

for full scale meter deflections. Band-
width is de to 10 KC on the 2.5 my
range, rising to 50 xc on the 1000 my
range. Keithley Instruments, Inc.,
12415 Euclid Ave., Cleveland 6, Ohio.

Circle 199 on Inquiry Card
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YET SMALLER
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New Electra Precision Metal Film Resistor
Here s an entirely law ach evernent in electronic component;; one of the bigg st steps
forwa-d in years. This p-eci ;ion metal fi m resistor offers you precision and stability that
formerly w33 wailable oily n a wire wound resistor, yet it is much smaller in size, much

lower in ccst, also t as 'ir siperior high frequency characteristics. Available in f ve sizes
from 1/8 to 2 watts, tte rew Electra Precision Metal Film iesistor meets or exceeds
Mil-R-105CSC Char-zcte-isti: C, and can be supplied in any :f eight stand7rd -empera-
ture :oeff dent toti.--raices. Why not et us supply you fell details by return mail.
Write today

CSIECK THESE OUTSTANDING TEST RESULTS
M L -R -10509C (TYPICAL DATA) 237K MF1/2

AC !STORE LOAD LIFE 125"T SHORT T MC 3VERLOAD

% Change
Net Dry Initial Final % Change Initial Fi vi % Charge

- 21 -.04 137.4 237.5 04 237.2 227.7 0

0 0 237.5 238.0 21 237.0 2.61 .04

0 0 238.0 238.8 34 237.3 227.1
0 0 237 0 237.0 0 237.2 2:7.! 0

0 0 237.5 238.0 21 237.7 2-, 7. i .08

.04 .04 237.3 237.8 21 237.2 227.1 0

.04 .04 237.6 238.1 .21 237.0 2:6.I .04

.04 .04 236.9 237.4 .21 238.0 2:8.I 0

-.08 .04 237.8 238.2 .14 237.6 2:7.3 0

.04 .04 237.0 237.3 13 237.8 227.3 0

MANUFACTURING COMPANY
4051 Broadway Kansas City, Mo.

4111111118L

ELECTRONIC INDUSTRIES March 1961 Circle 89 on Inquiry Card 155



New
Products ...for the Electronic Industries

PHONO CARTRIDGE
Mono c e r a m i c phono cartridge,

Model "11T," a one -channel turnover
"pickup" which plays stereo records
without d am a g e to the complex
grooves. Cartridge incorporates 2

basic stereo features which assure
safe mono reproduction of stereo
records. Equal compliance in all di-
rections eliminates the problem of
groove breakdown. The other stereo
feature is a 0.7 -mil jewel tip instead
of the usual 1 -mil tip used in mono
cartridges. Smooth from 20 to 20,000
cycles, the frequency response is flat
out to 15,000 cycles with a gradual
rolloff beyond. Sonotone Corp., Elms-
ford, N. Y.

Circle 200 on Inquiry Card

SWITCHING TRANSISTOR
Military -type 2N1011 germanium

pnp power transistor meets MIL -T-
19500 /67(SigC). It has a 5 a max. cur-
rent rating, a current gain range
of 30-75 at I. = 3 adc, and a max.
collector -base voltage rating of 80 v.
The 2N1011 will dissipate 35 w at
25°C mounting base temp. For power
switching and power control circuits,
it is useful in aircraft power supplies,
missiles, and communications power

supplies. Other applications are high
current switching and audio amplifi-
cation. Marketing Dept., B e n d i x
Semiconductor Products, 201 West-
wood Ave., Long Branch, N. J.

Circle 201 on Inquiry Card

NO -SHAFT POTENTIOMETER
Cap -Pot, for portable transmitting

and receiving equipment, and trim-
mer applications, is nylon, the knob
being an integral part of the unit.
It is 0.500 in. in dia.; behind panel

depth is 5/16 in. Power rating 0.5 w
at 40°C, derated linearly to 0 at
105°C. Linear functions only. Di-
electric strength is 900 VRMS at sea
level for 1 min. Type A to 5000 ohms
max.-tolerance ± 5% (25,000 cycles
min. at 10 cycles/min. at r ate d
power.) Type B (Trimmer) to 10,000
ohms max.-tolerance ± 10% (500
cycles min. at 2 cycles/min. at rated
power.) Clarostat Mfg. Co., Inc.,
Dover, N. H.

Circle 202 on Inquiry Card

THERMOCOUPLE PROBE
Thermocouple p rob e measures

liquid and gas temp. in the 1800°F
range at pressures in excess of 2000
psig. Models include those with stain-
less steel sheaths and either covered
or exposed probes for use with hot
gases, and ceramic sheaths for use
with liquid metals and acids. Helium
and nitrogen tested for leakage at
1800°F and 2000 psig. Units are suit-
able for connection to low temp. Tef-

lon or high temp. MgO cable. Con-
structed of chromel-alumel or chrom-
el-constantan. Technical Industries
Corp., 389 North Fair Oaks Ave.,
Pasadena, Calif.

Circle 203 on Inquiry Card

AUTO -COLLIMATOR
Electronic Auto - Collimator can

measure the tilt of a reflective surface
with respect to the Auto -Collimator
axis. It reads angles directly to sen-
sitivity of 1/50 sec. Sensing unit has

indicating range of 50 sec. ± 25 sec.,
and working distance to 30 ft. be-
tween sensing unit and reflecting
surface. Other features: Response-
20 msec; drift less than 1% in 24
hrs. Output voltage ± 15 v. (full
scale range). Sensitivity selection has
a 3 -position switch with ranges of
± 1, 10 and 25 sec. Electronic damp-
ing with 2 -sec. time constant provided.
Keuffel & Esser Co., 3rd and Adams
Sts., Hoboken, N. J.

Circle 204 on Inquiry Card

MAGNETIC SHIELDS
Alternately inverted nesting Netic

Co-Netic cylindrical enclosures pro-
vide low level shielding for magneti-
cally sensitive devices in electronic
circuits. Slots permit simple assembly
and facilitate bringing out leads. Max.
low level shielding from a min. num-
ber of layers is obtained by overlap-
ping the cylinder walls and butting
joint covers. A contour formed tab
section completely encloses the slot-

ted section of the outer cylinder, as-
suring a virtually complete magnetic
shielded enclosure. Magnetic Shield
Div., Perfection Micro Co., 1322 N:,
Elston Ave., Chicago 22, Ill.

Circle 205 on Inquiry Card
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NEW CONTROLS FOR STEREO

STACKPOLE
Coldita 70+0 fixed composition Resistors Slide

& Snap Switches  Ceramag® Ferrite Cores  Fixed
composition Capacitors  Ceramagnet® Ceramic
Magnets Electrical Contacts Brushes for all

-otating electrical equipment Hundreds of re
lated carbon, graphite, and metal powder products. I

Flexibility without Complexity
Even a wife can appreciate the major points of these
special dual -element controls for 2 -channel stereo
equipment! No longer is it necessary to fiddle with
2 bass controls, 2 treble controls, and 2 volume
controls to obtain proper stereo balance-then re-
adjust everything when listening to monophonic
material. No longer, that is, unless you're an ardent
audiophile who would have it no other way.

For these new Stackpole controls "clean-up" the
panels of stereo equipment, make them easier to
operate and understand . . . yet retain all the flexi-
bility of individual adjustments required on the
most elaborate equipment.

O FRICTION SHAFT DUAL-Type LS3: A friction fit between
shafts causes both elements of this dual concentric shaft

control to operate in tandem when either shaft is turned.

Either element can also be adjusted independently by

holding one shaft while rotating the other. Once set,

either knob can be turned while maintaining stereo bal-

ance through a wide range of adjustment.

O CLUTCH SHAFT DUAL-Type LSI: This wonderfully conven-
ient control allows either simultaneous or individual ad-

justment of its two elements. A push on the inner
shaft engages a clutch which connects both elements

together for tandem operation by either shaft. Pulling

the inner shaft permits each element to be individually

adjusted without disturbing the other.

 MATCHED ELEMENT TANDEM-Type L -Tandem: Through
precise electrical matching and careful mechanical align-

ment, this stereo tandem control allows convenient, single -

knob adjustment of both channels. It's ideal for adjust.
ment of master volume or of bass or treble in systems

where an absolute minimum of panel complexity is

desired.

Mechanical and electrical specifications on these
dependable 0.75 -watt variable composition resistors
are available on request. Electronic Components Di-
vision, Stackpole Carbon Company, St. Marys, Pa.
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New
Products ...for the Electronic Industries

CONVERTER
Solid state Binary to Decimal Con-

verter, Model 260, designed as com-
panion equipment for computers
which require decimal display read-
out for any number of 4 bit code in-

puts. Relays and tubes are elimi-
nated. No preventive maintenance
required. It activates a cold -cathode
decimal display equivalent to a
"Nixie" tube. Filamentary projected
readout equivalent to IEE Alpha-
Numberic unit available. A variety
of 4 bit codes can be converted.

Co., 75 Cam-
bridge Pkwy., Cambridge 42, Mass.

Circle 206 on Inquiry Card

TRANSISTOR TRANSFORMERS
Line of standard transistor trans-

formers is designed for circuits in the
audio range. For audio and servo
amplifiers, signalling equipment, etc.,
they measure % in. dia., 1/2 in. height.
A choice of 4 standard lead termina-
tions provides lead spacing on 0.10 in.
grid, for mounting on circuit board
without bulky clamps. Min. lead
length is 1 in. Built to meet MIL-

T -27A, class R, grade 5 requirements,
units may be used reversed, input to
secondary. Hermetic Seal Trans-
former Co., 555 N. 5th St., P.O. Box
978, Garland, Tex.

Circle 207 on Inquiry Card

DUST HOOD
New dust hood, the Microvoid, al-

lows full visibility and unimpeded
movement of arms and hands. A quiet
blower at the top forces room air
into the dust hood through a large -

area filter. The filter removes air-
borne dust particles down to 0.5
micron in dia. and provides an inter-
nal "positive" pressure which pre-
vents unfiltered room air from enter-
ing the open front. Working area
measures 34 x 24 x 191/4 in. It is con-
structed of optically -clear, % in.
"Plexiglas." Air -Shields Inc., In-
dustrial Division, Hatboro, Penna.

Circle 208 on Inquiry Card

VOLTAGE REGULATORS
Regulated dc from unregulated de

sources obtained with a transistorized
voltage regulator. Output voltages
range from 6 to 35 vdc from inputs
from 24 to 45 vdc. Outputs can be
varied over a 15 v. range with a screw
driver adjust. Specs: Ripple reduc-
tion 500: 1 typical; line regulation
±0.1% or 10 my whichever greater;
load regulation 50 my for 0-0.5 a load

change; residual noise 1 my typical;
output impedance 0.10 ohm max., dc -
5 xc; size 3 x 3 x 5 in.; weight 16
oz. Valor Instruments, Inc., 13214
Crenshaw Blvd., Gardena, Calif.

Circle 209 on Inquiry Card

CONTROL AMPLIFIER
Type MA 1 magnetic amplifier pro-

vides phase angle firing control for
the General Electric C35, or equiva-
lent, silicon controlled rectifier
(SCR). Designed for 120 v., 50 to

400 CPS, the MA 1 supplies gate sig-
nal to SCRs to give full wave ac or
dc output. Some features: response,
% cycle (max.) of the supply fre-
quency; complete isolation between
power and control circuits; and mul-
tiple control windings; full -off to
full -on control with 1.5 a turns. Mag-
netico, Inc., T. A. Div., 6 Richter
Court, E. Northport, N. Y.

Circle 210 on Inquiry Card

MOTOR-TACH GENERATOR
A size 8 precision -55°C +125°C

motor-tach generator, Type 6204-01
rotor moment of inertia is 0.65. Motor
has 0.2 oz. -in. min. stall torque with
approx. 5 w. total input, 6,000 RPM
speed at no load, 26 v (fixed phase)
and 40 v (control phase) rated volt-
age and 179 + J132 = 222 ohms
(fixed phase) and 382 + j321 = 500
ohms (control phase) impedance at

stall. Tachometer generator has 26 v
RMS, 400 CPS rated input voltage and
0.26 v Rals output voltage at 1,000
RPM. John Oster Mfg. Co., Avionic
Div., 1 Main St., Racine, Wis.

Circle 211 on Inquiry Card
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GYRO TEST TABLE (Model RD)
Positioning data accuracy guaranteed
to 2 sec. arc. Complete electronics
for testing any type of inertial gyro or
complete inertial reference packages.

first in today's front page developments

GYRO AND
GYRO SYSTEM TEST EQUIPMENT
for today's front page missile programs
Reeves' research and development in the field of precision gyros has always paced the
industry, resulting in over ten years of high level gyro production, based on exacting
reliability standards subject to the most exhaustive quality control. Today's gyros and
gyro systems demand high precision test equipment far beyond the capabilities of com-
mercially available instruments. To meet this need, Reeves has specified, designed, and
built test equipment capable of meeting the most stringent requirements - not only for
today, but for the foreseeable future as well.
Through the years, this test equipment has been refined and packaged to the point where
we now can present with confidence the most accurate and comprehensive line of gyro
test equipment available.

superbly precise . . . fast, simplified operation . . . maximum reliability

This equipment has numerous practical
advantages for producers and users of
gyros and gyro systems. Exceptional ac-
curacy and flexibility permit rapid test-
ing of today's most advanced gyros and
inertial reference packages, as well as
tomorrow's even more advanced designs.
Ease and reliability of operation, along
with intelligent human engineering, allow
for rapid training of equipment opera-
tors. Production quantities can be tested
with laboratory precision.

TYPICAL ELECTRONICS GROUP for inertial ref-
erence package system test. All Reeves equipment
offers Laboratory accuracy with production line
practicality. Write on company letterhead for

complete Data File No. 903.

Simplified maintenance and service as-
sure against costly down -time.

REEVES INSTRUMENT CORPORATION
A Subsidiary of Dynamics Corporation of America-Roosevelt Field, Garden City, New York

GYRO TEST CONSOLE
(GTS-1001C) First fully equipped
COMPLETE test facility for testing
of single axis integrating gyros.
Can also be adapted for testing
precision floated accelerometers.

DIFFERENTIAL
WATTMETER High
precision test detection
of extremely small power
consumption differentials
in gyro spin motors and
other types of rotating
components.

Visit our Booths
1305-1307
I.R.E. SHOW

N. Y. Coliseum  March 21.24
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...the T-12-XF
by American Beauty

The T-12-XF Transformer Type Electric Soldering Iron is a scientifically
designed, finely engineered tool that is especially intended to do just the
kind of soldering job you see being accomplished above.

Proven best -by -test on many similar applications . . . affords extreme
flexibility . . . assures a high degree of protection to delicate, expensive
electronic components because its hypersil type transformer provides
complete line -voltage isolation.

The cord with which the T-12-XF is equipped is ultra -flexible
impervious to oil, water and grit.

Tips-elements are Armco ingot iron brazed to stainless steel casings
. . . 3(2" (shown), 1f6", WEI° and X"
tip diameters, all same casing
diameters.

The featherweight, pencil type
handle minimizes operator fatigue
. . . is always comfortably cool.

AMERICAN BEAUTY Electric
Soldering Irons Are Made In ONE
Quality Only ... The Best . . And
Only The BEST Gives You The
MOST!

11°11 CAN'T BEAT A SOLDERED CONNECT/oiv

202-B
WRITE FOR 20 -PAGE ILLUSTRATED CATALOG CONTAINING FULL INFORMATION ON OUR
COMPLETE LINE OF ELECTRIC SOLDERING IRONS-INCLUDING THEIR USE AND CARE.

AMERICAN ELECTRICAL HEATER COMPANY

DETROIT 2, MICHIGAN

flre:lcnanc EtayV

5.14C,

FITIProducts

NOISE GENERATOR
Random - noise generator, Type

1390-B. A gas -discharge tube (6D4)
is used as a noise source. Noise out-
put is amplified in a 2 -stage ampli-
fier. The 20-xc setting introduces a
low-pass filter providing a gradual

rolloff above 30 KC, the 500 KC set-
ting a low-pass filter that rolls off
above 500 xc, and the 5 MC setting a
peaking network that compensates for
the drop in noise output from the gas
tube at high frequencies, so that a
good spectrum can be obtained at 5
MC. Also featured is a built-in 80
db attenuator to provide metered out-
puts from over 3 v. down to below
30,1v. General Radio Co., West Con-
cord, Mass.

Circle 255 on Inquiry Card

CLIP MOUNTED LITE
The CML-Series features single

unit construction and press -on clip
mounting. It mounts in a 0.294 in.
hole and the circular clip permits
mounting on 1/24 in. centers. Choice
of neon or incandescent lamps, colors,
and with or without hot stamped

legends. Connectors are 0.040 in.
plated terminals. It is for use in in-
struments and small equipment and
on computers and data processors.
Transistor Electronics Corp., 3357
Republic Ave., Minneapolis 26, Minn.

Circle 256 on Inquiry Card

160 Circle 92 on Inquiry Card ELECTRONIC INDUSTRIES March 1960



Your most valuable dollars
may be life insurance dollars

The dollar value of your estate is not only important
to you now but to your family in the future. Failure to
make proper provisions beforehand is costly. The un-
avoidable expense of taxes, debts, administration and
legal fees can shrink the value of an estate by a third
or more - money paid to strangers rather than heirs

But an 'Etna Life Estate Conservation Plan pinpoints
ways to cut tax liability and settlement costs to the
minimum. Then it provides adequate cash to cover the
unavoidable costs . . . valuable dollars that guarantee
your heirs all that you intend them to have.

An 'Etna Life representative, working through your
attorney, will gladly review your present arrangements
- or establish a plan if you have none - without obli-
gation through your /Etna Life office.

Etna Life's Estate Analysis
works for you and your family

Minimizes tax liability

Provides money to pay transfer costs

Assures orderly transfer to heirs

Protects against forced sale or borrowing
against estate assets

/ETNA LIFE
INSURANCE COMPANY
Hartford 15, Connecticut

Affiliates: .Etna Casualty and Surety Company
Standard Fire Insurance Company
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RAYTHEON METAL ENVELOPE
16" RADAR DISPLAY TUBES

meet your design needs Better... and faster

* AVAILABLE immediately in production quantities

* AVAILABLE with aluminized faceplates

* AVAILABLE with all standard radar phosphors

* AVAILABLE with special infrared-stimulable
storage phosphors (for true -motion trail indication)

Every design advantage of metal -envelope
CRT's is yours with Raytheon radar display
tubes. You get more usable cabinet space
and can cluster more components behind the
tube. And Raytheon metal -envelope tubes
are lighter, too - weigh five pounds less
than equivalent 16" glass envelope CRT's.
The rugged metal envelopes withstand
plenty of rough handling and vibration, and
provide a solid rim around the faceplate that
simplifies mounting assembly design.

The faceplate of a Raytheon metal -
envelope CRT is precision -curved plate glass,
carefully controlled in production to assure
absolute uniform thickness - more accurate
for optical reflection plotting.

Choose from stock tubes listed below -
available with all standard radar phosphors
and special infrared-stimulable storage phos-
phors - or let Raytheon's custom engineer-
ing service assist you in developing or adapt-
ing a tube to meet specific new applications.
Write direct to Dept. 2527.

TYPICAL CHARACTERISTICS

Type Focusing Method
Deflection
Method

Deflection
Angle

Collector
Voltage

Grid #2
Voltage

Grid #1
Voltage

Focus Current
(JETEC

Coil #109)

Overall
Length

Overall
Diameter

Screen
Diameter

16ADP magnetic

magnetic 53° 12,000 Vdc 300 Vdc
-77300
-33 to

Vdc
95 ma. 21 W 15T/e" 14'/a'

CK1352
high -voltage

to 4300(3dcV)
CK1353

low -voltage
(-135 to +400
Vdc)

RAYTHEC,
INDUSTRIAL COMPONENTS DIVISION

57 Chapel Street. Newton 58, Massachusetts
Los Angeles - Normandy 5-4221 Dallas - Fleetwood 1-4185 Chicago - National 5-4000 Orlando - Garden 3-1553 New York-Wisconsin 7-6400San Francisco - Fireside 1-7711 Kansas City - Plaza 3-5330 Cleveland - Winton 1-7716 Baltimore-Southfield 1-0450 Boston - Bigelow 4-7500
GOVERNMENT SALES: Boston - Bigelow 4-7500  Washington, D.C. - Metropolitan 8-5205  Dayton - Baldwin 3-8128
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Quartz -faced tubes provide
ultraviolet light source for
cancer tissue analysis.

By RICHARD G. STRANIX
Associate Editor

Electronic Industries

In Recording and Storing Data . .

Electron Gun Finds New Role
Sixty years ago, Sir J. J. Thomson first used the cathode ray as a precision
measuring device. Today, the demands of rapid data processing combine
this precision with the inherent speed of electronics to devise tubes that
can keep pace. Here's a rundown on the most interesting applications.

CROOKES1, Perrin°, and Thomson°. 4 proved in the
late 1800's that the "cathode ray" was actually a

stream of electrons. It seems a little late in the game
to start arguing semantics, so we won't stress this
point. Engineers should know what we mean, when
we say "cathode ray."

Some manufacturers in the electronic industry do
not call their electron beam products "special pur-
pose" cathode ray tube. But, as far as we are con-
cerned here, "special purpose" cathode-ray tubes in-
clude practically every tube that uses an electron
gun. We are excluding only TV picture tubes, and
oscilloscope tubes. These are the "general" category
of CRT's, as opposed to "special purpose."

Electron Optics
Let's take a quick look at the CRT construction

(Fig. 3). The electron -gun assembly is comprised
mechanically of four major parts: the cathode -grid
assembly; the preaccelerator anode assembly; the
focussing electrode, or first anode assembly; and the
accelerating electrode, or second anode assembly. The
assemblies are mounted by means of ceramic sup-
ports which run the entire length of the electron gun
assembly.

This electron gun provides a source of electrons,
directs them towards the face of the tube, focuses

them into a narrow beam, and accelerates this beam
towards the front of the tube.

There are two kinds of focusing-electrostatic and
electromagnetic. Tubes usually use one or the other,
but some can use both methods.

One other system of focusing-using an inert gas
in the tube-has long since been discarded.

Fig. 1: Scope presentation of a hot plate, 125° C, as detected by
the Philco electronic infrared imaging system. Details in Fig. 26.

FOCUS

VERNIER vERNIER
VERT SENSITIVITY SWEEP TIME/CM

VERNIER
HORIZ SENSITIVITY
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R. G. Stranix

In electrostatic focusing, the
lines of force in the field created
by the difference of potential be-
tween (1) the preaccelerating and
focusing electrodes and (2) the
focusing and accelerating elec-
trodes may be considered as a

thick concave lens. As the beam
enters the first field, the force lines
produce a diverging action on the
beam. As it enters the second field,
the force lines reconverge it into
a narrow, clearly defined beam.

The alternative method of focus-
ing uses the principle of electromagnetic control. A
current is passed through a solenoid placed around
the neck of a CRT. This establishes an electromag-
netic field within the tube. Electrons passing through
the edge of the field, along the axis of the tube,
experience no deflecting force. Those traveling at an
angle to the axis will be acted on in such a way by
the field as to place it in a spiral. The electron con-
tinues this motion as long as it is under the influ-
ence of the field. When it emerges, the resultant
inertia keeps it moving toward the focal point on
the screen.

Both systems have their own merits and place.
For deflecting the beam there are also two methods

-electrostatic and electromagnetic. In the former,
two pairs of plates are placed at right angles to each
other. Since like electrostatic charges repel and un-
like charges attract, the electron, a negatively charged
particle, is attracted to the positively charged plate
and vice versa.

A magnetic field can also deflect a cathode-ray be-
cause the beam of electrons acts the same as a con-
ductor carrying a current. When a current is passed
through a pair of solenoids mounted in the close prox-
imity to the neck of the tube, an electromagnetic field
is formed. The electron beam is deflected at right
angles to the electromagnetic field. Two pairs of
solenoids, at right angles to each other, can control
vertical and horizontal deflection.

The parts we have covered so far are common to
virtually all special purpose CRT's. We are coming
now to the part of the tube where most of the novel
features enter into play. Depending on its use, the
CRT may have screens, other targets, or wire

matrices.
Storage Tubes

Storage tubes have found application in computers,
radar display, and frequency -bandwidth conversion.
They are tubes into which informa-
tion can be introduced and then
extracted at a later time. The out-
put may be an electrical signal
and/or a visual image correspond-
ing to the stored information.

Principle of Operation
Cathode ray charge storage tubes

are usually divided into 2 groups:
Electronic input with electronic
output; and, electronic input with

Fig. 3: Principal parts of an electron gun.

a- CATHODE
DRID

c - PREACCE LE RATOR
a- FOO.ISTVG
- ACM. ERATOR

Fig. 2: Trace apparently suspended in mid-air on a DuMont 21 in.

tube using a transparent phosphor. Used when ambient light is high.

visual output. Under electronic output, we have a
subdivision into single gun tubes and dual, or multi -

gun tubes. In single gun tubes the one gun is used
for both writing and reading. In dual gun tubes the
second gun may be located either at the same end
of the bulb as the writing gun or on the same axis
at the other side of the storage surface.

Following the deflection system, there is a storage
assexnbly.6 This is an assembly of electrodes, includ-
ing meshes, which contains the target together with
the electrodes used for control of the storage process,
or which receive an output signal, and other members
used for structural support.

The target is the storage surface and its immediate
supporting electrodes. The storage surface is that
surface upon which the information is stored.

Another important design feature of the storage
tube is the collimating lens system composed of the
anode coating, lens shield, and decelerator screen.
This lens is designed to correct for the angle of the
electron beam generated during scanning so that the
beam strikes the storage screen at right angles to
that screen, regardless of initial scanning angle. In

other words, it is an electron -optical lens with one
focal plane at the center of deflection of the beam and

the other at infinity.
Basically, there are two kinds of

storage tubes-recording and bar-
rier grid.

Recording Storage Tube

In the recording storge tube?,
the element which provides the
time storage of information is
usually a fine -mesh metal screen-
up to 1000 lines per linear inch-
coated on one side with a dielec-
tric material.
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Electron Gun (concluded)
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Fig. 4: Operation of
storage tubes is based
on the secondary -
emission curve.

fig. 5: Typical ap-
plied voltages far
operating models.
a I s o, direction of
storage surface
charge during prim-
ing and writing.

Fig. 6: Arrangement
of elements in a bar-
rier grid storage tube.

Fig.7a: Storage sur-
faceface instantaneoualy
positive with respect
to barrier grid.

Fig. 7b: Storage sur-
face instantaneously
negative with respect
to barrier grid.

CKING 'RODE Fig. 7c: Storage sur-
face at equilibrium
potential.

It should be noted that the recording storage tube
does not merely allow the stored information to be
played back once, but can play back the stored in-
formation thousands of times without substantial
deterioration. Moreover, the stored information can
be held for hours prior to retransmittal.

Three or four steps are usually used in operating
this type tube. The four -step cycle consists of erase,
prime, write, and read. Erase and prime are com-
bined for circuit simplicity in the three-step cycle.
However, in the latter case, there is a slight loss in
the degree of erasure which can be obtained.

During the erase, prime, and write modes, an elec-
tron beam is used to vary the charge level on the stor-
age surface. During read, the charge pattern previ-
ously written amplitude -modulates a constant beam
from the gun. Naturally, the electron beam is being
scanned during these operations.

The secondary -emission curve, Fig. 4, helps clarify
the situation. The horizontal axis represents the
velocity of electrons striking the surface. By simple
conversion, this gives the voltage of that surface.
The ratio of the number of electrons that bounce off
the dielectric surface to those that strike it is plotted
along the vertical axis.

Below the critical potential V0, each electron strik-
ing drives off less than one secondary electron. There-
fore, the surface being struck would be charged
negatively.

If the dielectric surface is above V0, each electron
drives off more than one secondary electron. The sur-
face will then charge in a positive direction as long
as the voltage field directly before the surface is
sufficiently positive to draw off the secondary elec-
trons thus emitted.

Using this ability to charge either positively or
negatively depending on the dc voltage of the storage
surface, we can now cycle the tube through its vari-
ous modes.

The table in Fig. 5, shows the applied voltages for
each mode of operation as well as the direction that
the storage surface will charge during the priming
and writing modes. In priming, the storage screen
is set below V, of the dielectric material. When the
surface is scanned with a dc beam, it charges nega-
tively to cathode potential. Any previously written
signals are erased. The surface is made ready for
subsequent writing.

In writing, the storage screen voltage is elevated
substantially above the V,. If sufficient dc current
were scanned across the surface, it would charge to
a value equivalent to the storage screen voltage.
Actually, a video -modulated beam is used of such an
amplitude that even peak currents charge the dielec-
tric only part way toward the equilibrium value.

The numbers in the table are typical and show that
the different regions of the dielectric surface would
be at potentials between 270 and 285 volts, depending
upon the signal written amplitude in each region.

To read, the storage screen voltage is switched to
a value such that the front surface of the dielectric
is sufficiently negative to prevent electrons from pass-
ing through the storage screen toward the collector
or output electrode. Where the dielectric surface is

166 ELECTRONIC INDUSTRIES March 1960



Grid No. 2

Grid No.

lathed.; Grid No

Storage Layer
Derleeting

Coils Deckslate

and No. 4,
Internal
Cordootive
Coating

l0.<)1
External
Conductive
Coating

Shad in,g
Electrode

Deflecting T a os
Coils Coil I

afa Ne. I

Grid No. I

Cathode

Collector
(Signal
Eleotrode)

Cdernal Eternal
Coranotivo Conductive
Coating Coating

Writing Section Target Section
Ree..1.14 Motion

Fig. 8 The Raytheon dual -gun scan converter recording storage tube. Fig. 9: Arrangement of elements in the RCA scan converter tube.

less negative than the cut-off value of voltage, a
portion of the electron beam that is a function of the
voltage of that surface, will be allowed to pass
through the storage screen and produce an output
signal at the collector.

Barrier Grid
The barrier grids tube has a grid -like structure

superimposed on the storage surface that prevents
redistribution of electrons. The barrier grid itself
consists of a fine mesh screen, which is very close
to or in contact with, the gun side of the dielectric
layer. On the opposite side of the layer and in contact
with it is the backing -electrode, Fig. 6. The dielectric
layer has high insulating qualities at a maximum
secondary -emission ratio greater than unity. The
barrier grid, the dielectric layer, and the backing -
electrode, are collectively referred to as the "target"
for convenience in explaining the operating principles.
The collector is a conductive coating on the inside
wall of the large part of the tube.

The barrier grid also provides an electrostatic
shielding of adjacent areas. These functions prevent
loss of resolution and signal level. The functions men-
tioned refer to both the shielding of the barrier grid
and also the redistribution of electrons mentioned
earlier. Many references are possible without regen-
eration of the stored information.

The area of the storage surface bombarded by the
electron beam is determined for any specific applica-
tion by the magnitude of the voltages applied to the
defecting electrodes.

The storage -surface potential effects the action of
the target as shown in Fig. 7. In Fig. 7a, the stor-
age surface is instantaneously some tens of volts
positive with respect to the barrier grid. When the
primary -beam electrons, produced by the electron gun,
go through the barrier grid and hit the storage surface,
they dislodge secondary electrons from the storage
surface. The number released depends on the velocity
of the electrons, Fig. 4. The energy of the secondary
electrons is not sufficient to overcome the negative
gradient existing between the barrier -grid plane and
the storage surface. Consequently, after a transit
time of a small fraction of a microsecond, the secon-
dary electrons return to the vicinity from which they
were released.

Under these conditions, a net electron current flows

into the target from the beam. This current has a
value equal to that of the beam current multiplied
by the transmission of the barrier grid. Because the
barrier grid is treated so that it has a secondary -
emission ratio of very nearly unity it contributes
nothing to the net electron current flowing into the
target.

In Fig. 7b, the storage surface polarity has been
reversed so that it is now some tens of volts negative
with respect to the barrier grid. When the primary
electrons go through the barrier grid and impinge
on the storage surface, they dislodge secondary
electrons from the storage surface as in Fig. 7a.
These secondary electrons, however, are accelerated
from the storage surface, pass through the plane of
the barrier grid and go into the space beyond it.
These secondaries, plus those released from the
barrier grid, are then accelerated to the collector
which is operated at a positive dc potential. Some
secondaries are collected by the barrier grid but these
may be neglected in considering first order effects
without introducing appreciable inaccuracy. The net
electron current flows away from the target. This
current has a value equal to that of the beam current
multiplied by both the effective transmission ratio of
the barrier grid, and by the difference between the
secondary -emission ratio of the storage surface and
unity.

In Fig. 7c, the storage surface is several volts
positive with respect to the barrier grid. Now, the
escaping secondaries exactly balance those primary -
beam electrons arriving at the storage surface. Under
these conditions, the net target current is zero and
the potential of the storage surface in known as the
equilibrium potential.

The condition shown in Fig. 7a, is unstable because
charge neutrality cannot be maintained within the
dielectric layer. To maintain charge neutrality with-
in the dielectric as the beam deposits electrons in the
storage surface, it is necessary that the displacement
current flow in the storage -surface backing -electrode.
As a result of this flow, a voltage gradient is built
up across the dielectric. The potential of the storage
surface on which the electrons land, becomes more
and more negative until the condition shown in Fig.
7c is shown. Similarly, the condition of Fig. 7b is
unstable. Here, the process of charging to the
equilibrium potential is in a positive direction.

It is by this process of charging, called writing,
that the storage of information is effected.
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Electron Gun (Continued)

Writing

Here is how we write. With the storage surface
at equilibrium potential, zero potential exists between
the backing electrode and the barrier grid. A step -
function voltage of +50 v. with respect to the barrier
grid, is applied to the backing -electrode. Because of
the relatively high capacitance between the backing -
electrode and the barrier grid, practically all of the
step function voltage appears between the storage
surface and the barrier grid. The undeflected beam
is now turned on, and that part of the storage sur-
face bombarded by it commences to charge negatively
toward equilibrium. Assume that bombarding con-
tinues until the storage -surface potential, in relation
to equilibrium potential, has changed from the +50
v. to +40 v., and here the beam is turned off. A
charge sufficent to develop a gradient of 10 v. has
now been stored in a dielectric layer. With these
conditions the discharge factor is (50-40)/50+0.2.
If the step function voltage is now removed the
storage surface becomes 10 v. more negative than
the equilibrium value.

Reading

This stored information may now be extracted by
a discharging process known as reading. During
reading, the backing -electrode is held at the same
potential as the barrier grid. When the beam is
turned on, the resulting target-current flow is that
for the storage surface at -10 v. with respect to
the equilibrium potential.

Because reading is accomplished by the removal

Fig. 10: Sperry's Daylight Indicator uses a display storage tube.

of electrons from the storage surface and its con-
sequent discharge toward equilibrium potential, it is
likewise an erasing process. If the discharge factor
during reading is sufficiently high, further erasing
is unnecessary.

Scan Converters
Scan converters are usually examples of multi -gun

doubled ended tubes. As can be seen in Fig. 8 one
half of the Raytheon dual -gun recording tube looks
identical to the single gun version. That is, we have
an electron gun, a collimating lens system, a decelera-
tor screen, and a storage screen. The collector or
output electrode is, in this case, a third screen rather
than a solid plate. This screen acts not only as a
collector for the reading operation, but also as the
decelerator electrode for the writing gun and there-
fore a part of the writing -gun lens systems.

Aircraft at upper left, symbolizing the memory function, appears
as target trail on Raytheon's Flight Tracker. System uses a Recording
Storage Tube; presentation is on a high resolution picture tube.

This charge storage tube is designed for use in
data processing applications where signal informa-
tion must be transformed continuously from one
time base to another. It is particularly useful in
systems in which it is desired to display PPI informa-
tion generated by conventional radar systems on
direct -viewing and projection television receivers.

In the RCA version", the target section in the
center contains the target, a shading electrode and
a collector or output signal electrode, Fig. 9. The
target consists of a thin layer, known as the storage
layer of a high resistivity material deposited on the
reading gun side of a metallic back plate. This high
resistivity material, which has a maxmum secondary
emission ratio greater than unity, serves as the
dielectric for the capacitor formed between the back
plate and the reading gun beam incident on the
front surface of the storage layer.

When the front surface of the storage layer, that
surface facing the reading gun, is bombarded by the
medium velocity electron beam of the reading gun,
secondary electrons are emitted. Since the secondary-
electron emission ratio of the front surface is greater
than unity, the surface tends to charge in the positive
direction. Under continued bombardment, the surface
becomes increasingly positive with respect to the
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collector until a retarding potential of a few volts is
built up and equilibrium is established..

The opposite side of the insulating layer is in

mechanical and electrical contact with the back plate
which is maintained at a negative potential with
respect to the collector. Thus, in the equilibrium
condition, a difference of potential exists between
the two surfaces of the storage layer.

When the high velocity electron beam of the writ-
ing gun bombards the target, it goes through the
back plate and penetrates the storage layer. The re-
sulting induced conductivity produced in the storage
layer lowers the potentials of the front surface
element by varying degrees toward that of the nega-
tive back plate. The front surface of the storage
layer thus acquires a pattern of potential variations
corresponding to the input signal applied to the
writing gun grid. When the writing beam is removed,
the storage layer gradually regains normal conduc-
tivity.

The discharging or writing characteristic is a

function of the writing -beam current, the writing -
beam velocity, the scanning speed, and the width
as well as the repetition rate of the pulse signal
applied to the grid of the writing gun.

The change in potential of the storage surface
elements caused by the writing-beam bombardment
upsets the equilibrium condition established by the
reading beam. Secondary electrons produced by read-
ing -beam bombardment of those areas of the storage
surface driven negative (toward back plate potential)
by writing are now accelerated to the collector and
constitute the output signal current. As already
described, the reading process erases the stored
potential pattern by driving the storage surface
potential back to the equilibrium value. Because of
the relatively large capacitance between front and
back surfaces of the storage layer, a large number
of reading scans are required before equilibrium is
reestablished. Thus the output signal persists for
some time after the writing beam has bombarded
a particular area of the storage layer.

The charging or reading characteristic is a func-
tion of the back plate potential and the reading -beam
current. Increasing the back plate potential and de-
creasing the reading -beam current, result in increased
charging time. By suitably adjusting these operating
values, the reading time can be varied from a few
seconds to over a minute.

The maximum number of scanning frames obtain-
able during the reading process depends on the

Fig. 11 (left):
Marines set up and
transmit battle in-
formation which in-
stantly appears on

rear line command
post tactical map.

Fig. 12 (right).
Typical display of

battle information on
Charactron. Each
grouping identifies
observer and indi-
cates situation. This
BASIC system is
made by Stromberg-
Carlson for the
USMC.

magnitude of the potential variations produced on
the insulating -surface elements during the writing
process, and the minimum value of reading -beam

time can be used in relation to the noise level of the
associated amplifier.

Display Tubes
Character display tubes are a form of cathode ray

tubes in which the cathode ray beam can be shaped
by either (1) electrostatic or electromagnetic deflec-
tion, or (2) passing the beam through a mask, into
symbols or letters.

Shaped beam display tubes are cathode ray tubes
in which the beam is first deflected through a matrix
then repositioned along the axis of the tube and
deflected finally into their desired position on the
faceplate. Typical of this type of tube is the Charac-
tron.12 Through the use of a P-14 phosphor, these
tubes can retain the display on the faceplate for a
considerable period of time.

Referring to Table 1, Phosphors, it is seen that the
P-14 is a 2 -layer phosphor with a purple fluorescence
and an orange phosphorescence. It is considered a
long persistence phosphor.

An important use of this tube is the display of
coded information that provides target data for an
air -surveillance system.

The charactron generates characters by forming
the cross -sections of electron beams in the shape of
the characters. In brief, the manner in which this
is accomplished is as follows :

The essentials of the charactron, Fig. 13, are: a
character -forming electron gun assembly (consisting

Fig. 13: Elements of Stromberg-Carlson's shaped beam Charactron.

mui.rece...cru ..... 1.111E.
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(CONVERGENCE COIL)

Electron Gun (Continued)

of an electron gun, character -selection plates, a
matrix of character -shaped openings, and beam axial-
reference plate) supported in the neck of the tube
envelope, a convergence coil, and a deflection yoke.

A stream of electrons generated by the electron
gun is directed by the selection plates toward any one
of the openings in the matrix. The matrix is a thin
metal disc having a 64 -character array of alpha-
numeric and symbol apertures, in an area less than
IA in. square. These apertures shape the beams, that
are independently formed in cross-section, in accord-
ance with corresponding openings.

The magnetic field of the convergence coil redirects
the beams toward the optical axis of the tube. These
beams cross the axis at points that coincide with the
deflection of the beams which redirects them along
the axis of the tube, and into the field of the deflec-
tion yoke. The electromagnetic fields established by
the yoke allow these beams to be deflected to anyposition on the screen of the tube. A helical ac-
celerator supported in the funnel portion of this
envelope between the deflection yoke and the screen,
increases the velocity of the character -shaped beam
with a minimum distortion of the characters dis-
played near the edges of the screen.

Display & Storage
A tube, known as the Typotronn, is actually a

combination of a storage tube and a character display
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Fig. 14: Arrange-
ment of elements in
a display storage
tube.

Fig. 15: RCA's direct
view display storage
tube. Like those of
other manufacturers,
it is used where a

bright, non -flicker-
ing display of stored
information is de-
sired after writing
has ceased.

FLOOD GOA
COMPENSATWN PLATES

STORAGE TARGET CHARACTER SHAPED WRITING RUM

VIEWING SCREEN

CHARACTER KING WRITTEN

WRITING GIN

CHARACTER SELECTION PLATES

CHARACTER MATRIX

Fig. 6: Arrangement of elements in the Typotron, a display storage
tube manufactured by Vacuum Tube Prods. Div., Hughes Aircraft Co

tube, Fig. 16. In addition to the gun, character mat-
rix, convergence coil, and deflection plates in the
character display tubes, already described, this tube
incorporates a storage target and an additional flood
gun placed beside the last set of deflection plates
closest to the viewing screen. As one might guess,
this tube does not depend upon the persistence of the
phosphor for lengthy display, but upon an operation
similar to a storage tube in which the display will
remain until it is erased from the storage target.

It should be pointed out before going any further
that besides displaying characters, the tube can also
display patterns that are normally generated by the
cathode-ray spot. Here basically is how the typotron
operates.

A character -shaped beam is formed and directed
toward the screen in a manner similar to that already
described.

The flood gun, mounted alongside the last deflection
plates, covers the entire storage target with a bar-
rage of low -velocity electrons. The high velocity
character -shaped beam bombards the dielectric ma-
terial on the storage mesh, charging it positive by
secondary emission. The low velocity electrons from
the flood gun penerate the storage mesh in the area
of the storage target that have been written positive.
These electrons are then accelerated to the viewing
screen, thus displaying the written information. The
areas of the storage target not charged positive,
remain at the flood -gun cathode potential, and the
electrons from the flood beam are unable to penetrate
to the viewing screen.

In addition to providing a display of the stored
pattern, the low velocity electrons serve to regenerate
the pattern. By means of secondary emission, they
hold the written areas positive and the unwritten
areas negative. This holding function must be dis-
abled to erase a written pattern. This can be done
by momentarily lowering the secondary, collector
mesh potential below its normal value.

Direct view display storage tubes provide a bright,
non -flickering display of stored information for as
long as 40 seconds after writing has ceased. Applica-
tions include fire -control radar; airplane -cockpit
radar display; airport surveillance; transient studies;
data transmission, including halftones; and visual
communications requiring steady, non -flickering, nar-
row bandwidth transmission over telephone lines.

This type tube usually has 2 guns-a writing gun
and a viewing gun." The writing gun uses electro-
static focus and produces an electron beam which
is electrostatically deflected by 2 sets of deflecting
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electrodes. The viewing gun produces an electron
stream which floods the electrodes controlling the
storage function and the brightness of the display.

The tube is usually divided into two sections-a
writing section and a viewing section, Fig. 14. The
writing section contains a gun which produces an
electron beam, electrostatically deflected by two sets
of deflecting electrodes. The viewing section contains
an aluminized screen on the inside surface of a flat
faceplate, a backplate capacitively coupled to a stor-
age grid, and a viewing gun having 5 grids.

Viewing Operation
In addition to the viewing gun with its grids, 1 and

2, the viewing section contains grids No. 3, 4, and 5.
A storage grid, a backplate capacitively coupled to
the storage grid, and a screen having excellent visual
efficiency.

The viewing gun provides a low -velocity electron
stream which continuously floods the electrodes (grid
No. 5, storage grid, and backplate) controlling the
storage function and the brightness of the display.
A display with high brightness is possible because
the very efficient phosphor is continuously excited,
rather than intermittently as in conventional cathode-
ray tubes, by the high -current viewing beam. The
high current can be used because the viewing beam
is not controlled by methods ordinarily employed in
guns and is consequently not limited by focusing,
deflection, and modulation requirements.

Writing Operation
The writing gun is similar to that used in elec-

trostatically focused and electrostatically deflected
oscillograph tubes, and produces a well-defined focused
beam. This beam may be deflected and modulated in

the same manner as for oscillograph tubes. It has a
control function and contributes little to the total
light output from the tube.

The cathode of the writing gun is generally
operated at -2000 volts with respect to the viewing -

gun cathode.
The writing -beam electrons landing on the storage

grid have sufficient velocity to produce a secondary -
electron emission ratio greater than unity.

Erasing Operation
In most applications, writing should be followed

by a gradual decay of the stored information. This
kind of performance is obtained by applying a con-
tinuous series of pulses to the backplate at a rate no
lower than the phosphor flicker frequency. The
technique of erasing by applying a series of pulses
to the backplate is known as dynamic erasure.

The amount of charge erased during each erasing
pulse is dependent on the duration, amplitude, and
shape of the pulse. These factors, together with the
erasing -pulse repetition frequency, determine the
observed rate of decay of stored information.

With a rectangular type of erasing pulse, all
storage elements are erased at nearly the same rate
regardless of the charge on any storage element. The
brightest elements of the viewed pattern, therefore,
are visible for longer periods than half -tones.

When the pulse used for erasing is of the positive -
going sawtooth type, the most positive storage ele-
ments are erased more rapidly than the others,
because electrons in the viewing -beam land on these
elements for a longer period. With this kind of
erasure, half -tones persist as long as bright elements.

In applications where half -tone display is involved,
the amplitude of the rectangular erasing pulse should

Table 1
Phosphor Ratings

A REPRINT
of this article can be obtained by

NO. FLUORESCENCE PHOSPHORESCENCE PERSISTENCE writing on company letterhead to

The Editor

P1
P2
P4 Sulfide

Green
Blue -Green
White

Green
Green
White

Medium
Medium -Short
Short

ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila. 39, Pa.

P4 Silicate -sulfide White Yellow Medium
P4 Silicate White Blue Medium
P5 Blue Blue Medium -short Fig. 17: Reproduction of a character display

P7 Blue -white Yellow Very long tube presentation. In this tube, the beam

P10 Dark trace-color depends on absorption Very, very long, few was shaped into symbols by deflection, not

P11
characteristics and type of illumination

Blue Blue
seconds, to few months

Medium -short
by passage through a matrix.

P12 Orange Orange Long
P14 Purple Orange Medium
P15

P16

Blue -Green and ultra-
violet

Violet and near -ultra
violet

Blue -Green

Violet and near -ultra
violet

Very short

Very short
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P19
P21
P22

P23

Greenish -Yellow

Yellow -Orange
Orange
Tri-Color

White

Yellow

Orange

White

One component
extremely short,
other component long

Long
Very long
3 components: one

short; two medium
Short
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P25 Orange Orange Medium C iKrvatlicr L SYS3C
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P27 Red Red Medium O otrii c
P28 Orange Very long

P3, P6, P8, P9, P13, P18, and P20 are obsolete.
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Electron Gun (continued)

be adjusted so that the storage surface is charged
to exactly cutoff potential by the erasing operation.

In applications, such as radar, where it is desired
to suppress noise in the display, a higher -amplitude
erasing pulse may be used to lower the potential of
the unwritten storage elements several volts below
cutoff. A number of addresses by the writing beam
is then required to charge the storage elements less
negative than cutoff. Ideally, the erasing -pulse
amplitude should be adjusted so that the noise com-
ponent in the modulated writing beam charges the
storage surface to just cutoff. Then, the signal super-
imposed on the noise signal charges the storage
elements to a potential less negative than cutoff and
thus is effectively displayed on the screen devoid of
noise background.

Camera Tubes
One of the early developments in the field of tele-

vision camera tubes was the Iconoscope. Developed
and manufactured by RCA, this tube is now obsolete
even for replacement purposes. Because of this status,
space will not be used here to describe its operation.

Image Orfhicon
The camera tube most widely used in the TV

studio today is the image orthicon". Until recently
there were two principal types-one for regular studio
and outdoor pickup work, and one for color TV work.
Recently, improvements and new designs have made
possible remote indoor color pickups such as sporting
events.

The image orthicon Fig. 18, is best separated into
three sections-image, scanning, and multiplier-for
easier study.

Image Section
This section contains a semitransparent photo-

cathode on the inside of the faceplate, a grid to
provide an electrostatic accelerating field, and a
target which consists of a thin glass disc with a fine
mesh screen very closely spaced to it on the photo-
cathode side. Focusing is accomplished by means of
a magnetic field produced by an external coil, and
by varying the photocathode voltage.

Light from the scene being televised is picked up
by an optical lens system and focused on the photo-
cathode which emits electrons from each illuminated
area in proportion to the intensity of the light strik-

ing the area. The streams of electrons are focused
on the target by the magnetic and accelerating fields.

On striking the target, the electrons cause secon-
dary electrons to be emitted by the glass. The
secondaries thus emitted are collected by the adjacent
mesh screen which is held at a definite potential of
about 2 v. with respect to target -voltage cutoff.
Therefore, the potential of the glass disc is limited
for all values of light and stable operation is achieved.
Emission of the secondaries leaves, on the photo-
cathode side of the glass, a pattern of positive
charges which corresponds with the pattern of light
from the scene being televised. Because of the thin-
ness of the glass, the charges set up a similar
potential pattern on the opposite of scanned side of
the glass.

Scanning Section

The opposite side of the glass is scanned by a low -
velocity electron beam produced by the electron gun
in the scanning section. This gun contains a ther-
mionic cathode, a control grid (grid No. 1), and an
accelerating grid (grid No. 2). The beam is focused
at the target by the magnetic field of an external
focusing coil and the electrostatic field of grid No. 4.

Grid No. 5 serves to adjust the shape of the de-
celerating field between grid No. 4 and the target
to obtain uniform landing of electrons over the entire
target area. The electrons stop their forward motion
at the surface of the glass and are turned back and
focused into a 5 -stage signal multiplier, except when
they approach the positively charged portions of the
pattern on the glass. When this condition occurs,
Fig. 20: Monitor presentation from a camera equipped with a typical
black -and -white image orthicon pickup tube. Note lack of sensitivity.
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they are deposited from the scanning beam in quan-
tities sufficient to neutralize the potential pattern on
the glass. Such deposition leaves the glass with a
negative charge on the scanned side and a positive
charge on the photocathode side. These charges will
neutralize each other by conductivity through the
glass in less than the time of one frame.

Alignment of the beam from the gun is accom-
plished by a transverse magnetic field. This field is
produced by an external coil located at the gun end
of the focusing coil.

Deflection of the beam is accomplished by trans-
verse magnetic fields produced by external deflecting
coils.

The electrons turned back at the target form the
return beam which has been amplitude modulated by
absorption of electrons at the target in accord with
the charge pattern whose more positive areas corre-
spond to the highlights of the televised scene.

Multiplier Section
The return beam is directed to the first dynode of

a 5 -stage electrostatically focused multiplier. This
uses the phenomenon of secondary emission to amplify
signals composed of electron beams.

The electrons in the beam impinging on the first
dynode surface produce many other electrons, the
number depending on the energy of the impinging
electrons. These secondary electrons are then di-
rected to the second dynode and knock out more new
electrons. Grid No. 3 facilitates a more complete col-

lection by dynode No. 2 of the secondaries from
dynode No. 1.

The multiplying process is repeated in each suc-
cessive stage, with an ever-increasing stream of elec-
trons until those emitted from dynode No. 5 are
collected by the anode and constitute the current used
in the output circuit.

The multiplier section amplifies the modulated beam
about 500 times. The multiplication so obtained main-
tains a high signal-to-noise ratio, and also permits
the use of an amplifier with fewer stages.

The color image orthicon operates in a similar man-
ner. It should be remembered that three color image

Fig. 21: Same scene looks much different when the camera is

equipped with GE's new tube. Lens setting, light were equal.

Fig. 22: A new extended -life, 1000 -hour warranty, image orthicon
which uses a new target material is interchangeable with the 5820.

orthicons are required for proper use. One to pick
up each of the three primary colors, red, green and
blue.

Low Light Level Orthicon

Very recently a new, highly sensitive camera tube,

an image orthicon15, has been introduced that prom-
ises to widen the scope of black and white TV and
radically extend the general application of color TV.

This new tube, Fig. 24, is physically and elec-
trically camera tubes.
Its big contribution is that it requires from 1/10 to
1/20 the light required by standard orthicons, either
black and white or color.

It can produce pictures of usable black -and -white
quality at one foot candle of scene illumination or
less, compared to the 10 ft. candles required by stand-
ard black -and -white image orthicons at the same
camera lens setting, Figs. 20 & 21.

The sensitivity of the new image orthicon tube
permits origination of studio colorcasts under nor-
mal black -and -white lighting levels. The extremely
high lighting requirements (400 ft. candles and
higher) of standard color image orthicons have been
one of the barriers to the wide -spread application of
color programming. Removal of this barrier will also
make possible colorcasts from sports arenas, audi-
toriums and light -equipped ballparks without the ad-
dition of special lighting, since the new tube produces
quality color pictures with light levels as low as 40 ft.
candles. Color television, now in its fifth year, has
been chained to specially equipped studios-except for
outdoor events in bright sunlight-because of the
economic obstacle of properly lighting night and in-
door sports events and other "remotes." It now gives
color television most of the programming flexibility
of black -and -white television.

Color -equipped stations should be able to sharply
reduce operating costs. Many of the nation's more
than 1000 black -and -white studios can convert to
color without significant investment for additional
lighting and air-conditioning equipment, or electric
power. In addition, performers will no longer be sub -
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jected to the "bake -out" temperature of a set illumi-
nated by 400 ft. candles and higher.

The extreme sensitivity results mainly from a high -
gain, thin-film target of magnesium oxide approxi-
mately two millionths of an inch thick. It is approxi-
mately 1/100 of the thickness of the targets used in
conventional camera tubes. If 1,500 of the thin-film
targets were stacked, they would equal the thickness
of a single human hair.

For many years, scientists have endeavored to im-
prove the targets of conventional image orthicon
tubes. All such targets ultimately become "sticky"-
that is, they retain the image for longer and longer
periods of time, Fig. 25. When this "stickiness" be-
comes noticeable by causing images of a previous
scene to smear over the new scene, the tube must be
retired. "Stickiness" has been a major reason for
tube replacement.

Unlike conventional targets, targets in the new
tube use a different principle of conduction. Conven-
tional targets rely on ion conduction. Because this
conduction is irreversible, the ions are ultimately ex-
hausted and the useful life of the tube is ended.

The new target, however, uses electron conduction.
This is a reversible process, and the life of a tube is
not limited by the exhaustion of charged carriers.
Thus, the problems of "stickiness" and "burn -in" are
virtually eliminated so that expected tube life is
appreciably extended.

The extreme thinness of the new target inhibits
sideways leakage, thus preventing loss of resolution.
Moreover, its sensitivity allows improved depth of
focus, since the lens opening at normal light levels
may to stopped down. While the normal network
transmission bandwidth of 325-350 lines limits use
of this extra resolution in daily television fare, it
can be used to advantage with special-purpose camera
chains for military and industrial applications.
Fig. 23.

Vidicon
Principle of Operation

The structural arrangement of the vidicon16,
Fig. 19, consists of a target composed of a trans-
parent conducting film (the signal electrode) on the
inner surface of the faceplate and a thin photocon-
ductive layer deposited on the film; a fine mesh screen
(grid No. 4) located adjacent to the photoconductive
layer; a beam -focusing electrode (grid No. 3) con-
nected to a grid No. 4; and an electron gun for pro-
ducing a beam of electrons.

Each element of the photoconductive layer is an
insulator in the dark but becomes slightly conductive
when it is illuminated and acts like a leaky capacitor
having one plate at the positive potential of the signal
electrode and the other floating.

When light from the scene or film being tele-
vised is focused on the photoconductive-layer surface
next to the faceplate, each illuminated layer element
conducts slightly depending on the amount of illu-
mination on the element and thus causes the poten-
tial of its opposite surface (on the gun side) to rise
in less than the time of one frame toward that of the
signal -electrode potential. Hence, there appears on
the gun side of the entire layer surface a positive
potential pattern, composed of the various element
potentials, corresponding to the pattern of light
imaged on the layer.

The gun side of the photoconductive layer is
scanned by a low -velocity electron beam produced by
the electron gun. This gun contains a thermionic
cathode, a control grid (grid No. 1), and an ac-
celerating grid (grid No. 2). The beam is focused at
the surface of the photoconductive layer by the com-
bined action of the uniform magnetic field of an
external coil and the electrostatic field of grid No. 3.

Grid No. 4 serves to provide a uniform decelerating
field between itself and the photoconductive layer so
that the electron beam will tend to approach the layer
in a direction perpendicular to it-a condition neces-
sary for driving the surface to cathode potential. The

Fig. 23 (left): A military version of GE's
low light level image orthicon was used on
the Skate when it probed a path under the
ice to the North Pole in April, 1959.

Fig. 24 (right) : Here is an image orthicon
similar to that used on the Skate.



George Marriott

Fig. 25: If the new type image orthicons had been used, this news-
caster would not be a victim of "stickiness." This effect is caused
by the target holding the former show, the weathercast, for several
seconds after the camera has been focused on the present show, the

newscast.

beam electrons approach the layer at low velocity
because of the low operating potential of the signal
electrode.

When the gun side of the photoconductive layer
with its positive potential pattern is scanned by the
electron beam, electrons are deposited from the beam
until the surface potential is reduced to that of the
cathode, and thereafter are turned back to form a
return beam which is not used.

Deposition of electrons on the scanned surface of
any particular element of the layer causes a change
in the difference of potential between the two sur-
faces of the element. When the two surfaces of the
element, which in effect is a charged capacitor, are
connected through the external target (signal -elec-
trode) circuit and the scanning beam, a capacitive
current is produced and constitutes the video signal.
The magnitude of the current is proportional to the
surface potential of the element being scanned and to
the rate of scan. The video -signal current is then
used to develop a signal -output voltage across a load
resistor. The signal polarity is such that for high-
lights in the image, the grid of the first video -ampli-
fier tube swings in a negative direction.

Alignment of the beam is accomplished by a trans-
verse magnetic field produced by external coils located
at the base end of the focusing coil.

Deflection of the beam is accomplished by trans-
verse magnetic fields produced by external deflecting
coils.

The Monoscope

While not actually a camera tube, it is probably
well to consider the monoscope17 in this general field.
This tube is designed to produce a video signal of a
test picture or pattern which is enclosed in the tube.
In other words it gives an output similar to a camera
tube but does not have the facility to actually pick
up a picture.

The tube consists of a gun, a signal plate, and a
collector closed in a highly evacuated envelope. The
electron beam is scanned over the signal plate by an

electro-magnetic deflection system.
The signal plate is made of aluminum foil on which

the desired picture or pattern is printed with a black
foil ink. Before sealing, the signal plate is fired in
hydrogen removing the volatile matter from the ink
and leaving it almost pure carbon. The surface of the
aluminum has a natural coating of aluminum oxide
that has a reasonably high secondary emission ratio,
while the carbon has a relatively low ratio. Thus as
the electron beam scans the signal plate, the ampli-
tude of the current pulses from those parts of the
plate on which printing appears, is lower than from
that on which there is no printing. These current
pulses are fed to a series of video amplifiers. An odd
number of video amplifier stages are normally used
and thus the picture on the signal plate should bave
blacks and whites reversed, but should not have
printed matter reversed. This reversal is necessary
because the aluminum oxide produces a signal that
corresponds to black.

Miscellaneous Tubes
Electron printing cathode-ray tubes have a repro-

ducing face made up of a precision matrix of wires
imbedded directly in the faceplate cf the tube, Fig. 32.
The beam is scanned over the ends of the wires on
the inside of the tube inducing a current in each wire.

One such tube, the "Printapix"1°, prints on non -
sensitized dielectric material.

This device is being used in facsimile, high speed
computer readout, oscillography, address labeling20
and television type image reproduction. Planned ap-
plications include controlled information storage and
erase, projection transparency generation, multiple
copy reproduction, and simultaneous recording at any
number of dispersed stations.

Electrons in the beam of the writing tube produce
a charge pattern on a dielectric surface, such as ordi-
nary paper or plastic, through the mosaic printing
head. The charge image, either line or continuous
tone, is rendered instantaneously visible by adherence
of a pigmented powder or flox, which may be perma-
nently fixed by a rapid heat process, or erased for
reuse of the base material.

Light source tubes are designed to take advan-
tage of the color and decay properties of phos-
phor screens. A flood beam of electrons bathes the
phosphor which emits a characteristic light which
can be used as a standard in reproduction processes
and in color comparison. A second use of these tubes
depends on the fast decay time of certain phosphors
to provide a stroboscopic light source.

Fig. 26: Optical arrangement of the Philco Filterscan imaging system.
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Traveling wave cathode-ray tubes, Fig. 29, are used
to display signals that occur so fast that, in the time
required by the electrons used to display them to
pass through conventional deflection systems, there
would be several phase reversals. The use of a helical
deflection system insures that the electrons will
always be in proper phase with the signal to present
its true amplitude.

Dark trace tubes are cathode-ray tubes which de-
pend on the use of scotophors for their display.
Scotophors differ from phosphor by not producing
light emission under electron bombardment. How-
ever, the path of the beam across this material is
apparent when viewed by reflected light. The advan-
tage of this type of tube lies in its ability to retain
a trace for days.

Flying spots scanners, Fig. 28, are a specialized
use of a cathode-ray tube in which the flying spot
of the cathode-ray beam is followed by a multplier
photo tube or other recording device which produces
a signal. This signal is used to modulate the beam
and a second cathode-ray tube swept with same raster
of the flying spot tube to reproduce the original
picture.

A new scanning tube is now being used in an all
electronic imaging system21. The infrared image of
a given field of view is focussed onto the scanning
tube which dissects the image; after passing through
the scanning tube, the radiation is then refocussed
onto a separate infrared detector. The tube face is a
semiconducting window. An electron beam, striking
the window, generates free carriers and reduces the
transmission of the window locally. As the electron
beam is swept across the scanning tube face, the mov-
ing opaque spot produces a video signal at the detec-
tor, Fig. 26.

Fig. 27: A high resolution, high brightness
monitor tube, made by GE, can be used with
scan converters in aircraft control systems.

New Developments
Because this article did not concern itself with the

ordinary cathode ray tubes-oscilloscope and picture
tubes, it seems only fair to mention a few of the more
important developments in this display area.

One of the first is a low -heater power CRT by
Sylvania. It offers a high efficiency 1.5v-140 ma
heater and will operate on an ordinary flashlight bat-
tery, Fig. 30. It employs a light -weight design and
requires only 1/16 of the power necessary to operate
a conventional 6.3v-600 ma heater. It is ideally suited
for portable oscilloscope, radar and monitor applica-
tions.

High Deflection Sensitivity
A very practical limitation in present large size

CRT displays is the peak -to -peak deflection voltage
required in electrostatic tubes. The electrostatic types
are preferred in random access displays because of
ow deflection plate capacities, but the peak -to -peak
potentials can reach 1500 volts or higher.

New developments of electron guns will produce de-
flection factor improvements of the order of 5 to 10:1
depending on certain other display parameters. These
improvements will be available at high brightnesses
where final anode voltages are 15 to 20KV.

Fig. 28: Principle of operation of a typical flying spot scanner.

PHOTO TUBE
PICKUP

CATHODE RAY TUBE

I

CATHODE RAY TUBE

.....,-TRANSPARENCY

OPAQUE
MATERIAL

176 ELECTRONIC INDUSTRIES March 1960



Fig. 29: Deflection
plate used in the
DuMont travelling
wave deflection
cathode ray tube.

High Accuracy Displays

As the military systems have become more sophisti-
cated, the complexity of display requirements has in-
creased. No longer is raw video information displayed,
but in almost all cases there is readout from a com-
puter or other information processing device.

To use this information effectively, the display
tubes are becoming high accuracy measuring devices
similar to meters. Current display accuracy measure-
ments of deflection factor uniformity trace parallelism
and perpendicularism and pattern distortion average
two percent/one degree. Future developments will
see these present tolerances divided by four or more.

Environment and Reliability

There is a small revolution under way in the physi-
cal environment all tubes are being expected to meet.
No longer is MIL -E -1D the sole specification for a
successful tube, rather a complex series of system
specifications are being imposed. These far exceed
usual tests and require additional shock, vibration, al-
titude, life, moisture resistance, salt spray, etc.

These new requirements will see cathode ray tubes
designed for five to 2,000 cycle vibration tests, 10,000
hour life tests, altitude of 100,000 ft. and higher. In
ultra -high resolution radar systems, spot movements
of less than 0.0005 inch during shock and vibration
tests will be required. The increased reliability re-
quirements of certain complex systems will see con-
siderable effort to insure failure free operation of
display tubes.

Ultra -High Resolution

New reconnaissance radar techniques demand reso-
lution unobtainable at the present time from available,
high resolution cathode ray tubes.

Present production devices have about 1000 lines
per inch capability. The tubes that will be used in
systems three to five years hence will be capable of
electron beam resolution of 10,000 to 15,000 lines per
inch. This substantial improvement will be based on
new approaches to electron beam formation. Accom-
panying this increased resolution capability will be
the need for a broader spectrum of "transparent"
film -like phosphors exhibiting the advantageous signal-
to-noise improvements. These developments will in-
clude higher efficiencies and spectral outputs to match
optimized photographic film and pick-up devices with

the phosphors exhibiting decay rates in the 0.01 to
0.1 v.sec. region.

High Brightness

Many present-day military applications call for
displays which must be visible under extreme ambient
light conditions ranging up to direct sunlight on the
tube face. Monitor tubes which will provide reason-
able resolution under such extreme conditions have
been developed by a combination of optimized electron
optics and high efficiency phosphors. Work is con-
tinuing on this problem to develop much higher reso-

Fig. 30: First of a

series of new de-
velopments will be
lowering of the
heater power.

lution and contrast through the use of evaporated
phosphor screens and such tubes should be available
in 1960.

Color

An ever-increasing demand for more and more in-
formation is being imposed on military displays and
it is inevitable that color must be employed to differ-
entiate between different classes of information in the
same display, e.g., target identification, terrain
clearance radar. General Electric has developed the
industry's only color tube capable of high resolution
two and three color displays with no inside masks or
any other extra hardware besides the normal electron
gun or guns. This developmental tube type can be
demonstrated and produced today.

Fig. 31: A compact 11/2 inch diameter electrostatic tube for severe
environmental applications. New requirements will see tubes designed
for 10,000 hour life tests and altitudes of 100,000 ft. and higher.
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High Transconductance
Present CRT's cannot reliably be driven with tran-

sistorized circuits. Tubes have been produced which
are useful in many applications with exceedingly low
drive requirements. Laboratory measurements on
such tubes have shown beam currents as high as 1000
microamperes for ten volts video drive. Tubes like
this open up completely new areas in possible minia-
turization and improved reliability for display engi-
neers.

COVER: The cover for this article is based on the Videograph Proc-ess, a development of the A. B. Dick Co., 5700 West Toughy Ave.,
Chicago 48. In this system, the tube creates an elec rostatic image
on the printing medium-usually paper. Next, a mixture comprising
a carrier and a toner powder is applied to the paper. The toner,
a pigmented thermoplastic resin, is statically charged to a positive
potential; the carrier to a negative. The toner is then attracted tothe latent image and the carrier repelled. By applying heat, theresin forming the toner is set to a permanent image in the shapeof the charge pattern.

Fig. 32: Faceplate construction of an electron printing tube. Tubes
similar to this are used in addressing applications such as that de-
picted o page 163. Note haw the wire passes through faceplate.
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CLEVITE'S NEW

SPACESAVER
TRANSISTOR

of 33
actual size

THREE AMPERE SWITCHING TYPES

TEST CTPUNITS1728

Min Mb° @ 2 ma volts 40

Min BVceo @ 500 ma volts 25

Min BVces @ 300 ma volts 35

Max kb° @ 85°C @ Max Vcb ma 7

Typ. Icbo @ 2 V /La 20

CTP
1735

CTP
1729

CTP
1730

CTP
1731

CTP
1736

CTP
1732

CTP
1733

60 80 100 40 60 80 100

40 55 65 25 40 55 65

50 65 75 35 50 65 75

7 7 7 7 7 7 7

20 30 30 20 20 30 30

D. C. Current Gain @ 0.5A 30-75 30-75 30-75 30-75 60-150 60.150 60-150 60-150

Max Veb @ 3.0 A volts 1.0

Maxlice(sat)@3.0A,300ma volts 0.7

Min fae @ 1.0 A kc 15

Max Thermal Resistance °c/w 2.5

1.0 1.0 1.0 1.0 1.0 1.0 1.0

0.7 0.7 0.7 0.7 0.7 0.7 0.7

15 8 8 10 10 6 6

2.5 2.5 2.5 2.5 2.5 2.5 2.5

A DIVISION OF

CLEVITE
CORPORATION

Phone for data and prices.

Compared with present power transistors
of similar ratings, the new Clevite Space -
saver gives you important new advantages.
Better Switching - Its low base resist-
ance gives lower input impedance for the
same power gain and lower saturation
resistance, resulting in lower "switched
on" voltage drop. Its lower cut off current
means better temperature stability in
direct coupled circuits (such as regulated
power supplies) and a higher "switched
off" impedance.
Better Amplifying - Improved fre-
quency response leads to higher audio
fidelity, faster switching and improved'
performance in regulated power supply
applications.
Better Mounting - The Spacesaver's
simple rectangular configuration and low
silhouette make it adaptable to a wide
variety of mounting requirements where
space is at a premium. In aircraft and
missile applications, its low mass (half
present type) improves shock and vibra-
tion resistance of lightweight assemblies.

CLEVITE TRANSISTORTRANSISTOR
254 Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330



ELECTRONIC INDUSTRIES'

1960
Transistor Interchangeability

Chart
HIS 1960 Transistor Interchangeability Guide is

-I- a composite presentation of the interchangeability
data supplied by the major transistor manufacturers.
It is another in the series of special staff studies pre-
pared by editors of ELECTRONIC INDUSTRIES.

The addition of hundreds of new transistors has
produced a chart which is nearly twice the size of
our 1959 edition. It differs in another way, too, in
that we have attempted to list all the types of tran-
sistors currently registered with EIA (Electronic In-
dustries Association) and the names of manufactur-
ers who sponsor them. More specific information
about the transistors and their applications has also
been included to increase the usefulness of the guide
in selecting possible replacements. Diagrams giving

the physical specifications are presented at the end.
Manufacturers who furnished this information

point out that cross-referenced types should not be
assumed to be exact equivalents, except where spe-
cifically stated that types are direct replacements.
To determine the degree of similarity, reference
should always be made to published electrical and
physical specifications. For exact comparison of elec-
trical characteristics, the reader is referred to the
ELECTRONIC INDUSTRIES' June 1959 Directory of Tran-
sistor Manufacturers and Types.

The manufacturers included in this guide are iden-
tified after the interchangeability listings together,
with the abbreviation used for them throughout the
listings.

MFR. NEAREST MFR. NEAREST MFR. NEAREST

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG1

2N21 GC S WE 2N21 2N353 GNPNA AF RCA 2N647 2N42 GPNPA GP GT
SYL 2N35 RCA 2N217

2N21A GC AF WE 2N21A GT GT35
CBS 2N438A 21443 GPNPA AF GE 2N43 3

2422 GC S WE 2N22 AMP 214281 RCA 2N109
GEM 21435 IND TR43

2N23 GC S WE 2N23 GE 2N169 MOT 2N1191
GT 2N43

21424 GC AF WE 2N24 2N36 GPNPA GP CBS 21436 2 BEN 21410080

RCA 214217 TS 2N461

21425 GC AF WE 2N25 IND 214465 AMP 2N284.A

MOT 2N1191 GEM 2N34

2N26 GC S WE 2N26 GT GT20 W 2N60
AMP 2/4281 NUC NPC141

2N273 GNPNG AF WE GEM 2N34 PHL 2N597

CBS 2N444 1 W 214403 SYL 2N34

AMP 214280 GE 2/4191

GEM 2N35 SYL 2N34 2N43A GPNPA AF GE 2N43A

SYL 2N35 RCA 2N331

WE 2N29 21437 GPNPA GP CBS 21437 2 GT 2N43A
RCA 214408 MOT 2141191

21428 GNPNG AF WE 2N28 IND 214465 BEN 2N1008B

CBS 214444 1 MOT 2141191 TS 2N461

AMP 2N280 GT GT14 GEM 21434

GEM 2N35 AMP 2N281 W 21160

SYL 2035 GEM 2N34 NUC NPC 152
2N403 PHL 2N597

2N29 GNPNG S WE 2N29 GE 2N190 SYL 21434

CBS 214438 1 SYL 21434
2N44 GPNPA AF GE 21444 4

2N304 GC AF GE 2N30 21438 GPNPA AF CBS 21438 2 RCA 2N109

RCA 2N408 IND TR44

21431 GC OSC GE 2N31 IND 2N464 MOT 2141191

MOT 2N1191 GT 21444

2N313 GC S RCA GT GT34 BEN 2N1008B
TS 2N63 3 TS 2N460

2N32A3 GC 9 RCA AMP 2N281 AMP 0074
GEM 21434 GEM 2N34

2N333 GC OSC RCA W 2N403 W 2N61

GE 2N189 NUC NPC 142

2N343 GPNPA AF RCA 2N407 SYL 21434 PHL 2N1125

GE 214190 SYL 2N34

GT GT20 2N38A GPNPA AF CBS 2N38A
SYL 2N34 RCA 2N408 2N44A GPNPA AF GE 2N44A

IND 214465 MOT 2N1191 RCA 2N109

TS 214461 1 AMP 2N281 TS 214460

MOT 2141191 GEM 2N34 MOT 2N1191

RAY 214465 W 214402 AMP 0074
AMP 2N 281 GE 2N 189 GEM 2N34

GEM 2N34 SYL 2N34 W 2N61

TR 2N34 NUC NPC 151

2/4612 21439 GPNPA GP GT 2N39 PHL 2141125

RCA 2N217 SYL 21434

2N34A3. GPNPA AF RCA 21,1407
RAY 2N465 2/440 GPNPA GP GT 2N40 2N454 GPNPA AF GE 2N45 4

MOT 2N1191 IND 2N464 RCA 2N109

SYL 2N34 IND TR45

AMP 214281 2N413 GPNPA AF RCA 2/4105 MOT 2N1191

GE M 2N34 BEN 2N 1008A GT 2N45

NUC N PC 153 AMP 2N280 AMP 0072
GE 214190 W 2N402 GEM 2N24

W 214403 GE 214190 W 214403
PHL 2N1124
HYL 2N34
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PHILCO TRANSISTORS
SURFACE BARRIER TRANSISTORS (SBT)

TYPE GAIN FREQUENCY APPLICATIONS
hfe f max in mc

2N128 40 60 General communications; MIL
specifications

2N240 30 Switching High-speed switch; controlled hole
rates 20mc storage and saturation character-

istics; MIL specifications
2N344 22 50 General purpose; narrow beta

spread (11-33)
2N345 35 50 General purpose; similar to 2N344

with higher beta
2N346 20 75 General purpose; like 2N344 and

2N345 but higher frequency
MICRO ALLOY TRANSISTORS (MAP)

TYPE

2N393

2N1122
2N1122A
2N1411
2N1427

MICRO ALLOY DIFFUSED -BASE TRANSISTORS (MADT*)
TYPE GAIN FREQUENCY APPLICATIONS

freee in mc
2N499 10 db 100 mc 320 VHF amplifier; MIL specifications
2N501 hFE 35 Switching Ultra -fast switch; typical tr 9 mµsec;

rates 40mc is 9 mµsec; tf 7 mµsec.
2N501 A hFE 35 Switching Rated at 100°C; MIL specifications

rates 40mc
2N502 10db (a 700 VHF amplifier

200 mc
2N502A 10db (a 700 Rated at 100°C; MIL specifications

200 mc
2N503 12.5db 420 VHF amplifier

GAIN
hFE

FREQUENCY
f max in "lc

APPLICATIONS

95 60 High-speed, high -gain switch; MIL
specifications

75 60 High voltage, high speed switch
75 60 Higher voltage version of 2N1122
75 fT 60 High frequency switch MIL specs
75 fT 100 High frequency switch

100mc
2N504 46db (a

455kc
2N588 14db 50mc
2N1158 25mw PO
2N1204 hFE 60
2N1494 hFE 60

2N 1495
2N1496
2N 1499
2N 1500

hFE

hFE

hFE

hFE

60
60
35
35

Minimum IF amplifier; high level logic switch
50

250 General purpose RF-IF amplifier
at 200 mc UHF power oscillator

fT 400 High current switch & core driver
fT 400 High current, high power switch

& core driver
fT 400 Higher voltage version of 2N1204
fT 400 Higher voltage version of 2N1494

5 mc switching rates MADT saturated switch
Switching 50 mw equivalent of 2N501 in

rates 40 mc TO -9 case
MICRO -MINIATURE TRANSISTORS

TYPE GAIN
hfe

FREQUENCY
fat, in mc

APPLICATIONS

2N207 100 2 Low level amplifier; particularly
suited for hearing aid use; N.F.t
15db max

2N207A 100 2 Low level amplifier; particularly
suited for hearing aid use; N.F.t
10db max

2N207B 100 2 Hearing aid input stage; other
extremely low noise applications;
N.F.t 5db max

2N534 150 High voltage amplifier switch
2N535 100 2 General purpose; 85`t max tem-

perature rating
2N535A 100 2 General purpose; 85°C max tem-

perature rating
2N535B 100 2 General purpose; 85°C max tem-

perature rating
2N536 hFE 100 2 Low level switch at pulse rates

up to 150kc
POWER TRANSISTORS

TYPE GAIN FREQUENCY
tae in kc

APPLICATIONS

2N386 33db (a Minimum High -voltage general purpose
5w PO 7 amplifiers; relay actuators and

power converters
2N387 33db (a Minimum High -voltage general purpose

5w PO 6 amplifiers; relay actuators and
power converters

GAIN
hFE

FREQUENCY
fab in mc

70 5

125 10
175 18

125 10

175 18

70 5

70 5

GAIN
hFE

fife 100 fccb 700kc

fah 650kc

0.5 µsec max tr

0.5 µsec max tr

SILICON SURFACE ALLOY DIFFUSED -BASE TRANSISTORS (SADT*)
TYPE GAIN FREQUENCY APPLICATIONS

hfe
2N1199 hFE 25 fT125mc NPN high-speed silicon switch;

max tr 70 mµsec, t, 20 mµsec,
tf 40 mµsec

2N1267 11 24db at 4.3mc)
NPN silicon amplifiers and oscil-2N1268 20 25db at 4.3mc
lators; TO -9 case2N1269 50 26db at 4.3mc

2N1270 11 24db at 12.5mcl NPN silicon amplifiers and oscil-2N1271 20 25db at 12.5mc
2N1272 50 26db at 12.5myf lators; TO -9 case

2N1472 hFE 35 Switching rates 5mc NPN high frequency silicon switch
SILICON SURFACE ALLOY TRANSISTORS (SAT*)

TYPE GAIN FREQUENCY APPLICATIONS
hfe

2N495 20 fmnalmc General purpose; MIL specs
2N496 hFE 16 fT20mc** High-speed switching; MIL specs
2N1118 20 frnox21mc Electrical equivalent of 2N495

in TO -5 case
2N1118A 25 frnax 21 mc General purpose, amplifier, high

beta (15-35)
2N1119 hFE 16 fT20mc** Electrical equivalent of 2N496 in

TO -5 case
2N1428 hFE 30 fT24mc General purpose, low cost silicon

high frequency amplifier and
switch; TO -1 case

2N1429 hFE 30 fT24mc Electrical equivalent of 2N1428
in TO -5 case

**Frequency for Beta =1
MEDIUM FREQUENCY TRANSISTORS

TYPE

2N597

2N598
2N599

2N600

2N601

2N1123

2N1478

TYPE

2N670

2N671

2N672

2N673

APPLICATIONS

High -voltage general purpose
amplifier and switch; TO -9 case
500kc logic switching; TO -9 case
Logic switching rates up to lmc; core
driver; TO -9 case; MIL specifications
500kc switching; 1 watt peak
power dissipation for 0.1 sec;
stud mount
High -power core driver; typical
rise time 0.1 µsec; stud mount
High -voltage power amplifier and
switch; stud mount
300kc switching applications

PULSE AMPLIFIER TRANSISTORS
FREQUENCY APPLICATIONS

High peak current pulse amplifier;
relay driver

100 High power version of 2N670;
stud mount

20(Sat.) High -current switching core driver;
controlled rise, fall and store times

20(Sat.) High power version of 2N672;
stud mount

2N674 hfe 100 fccb500kc 75 -volt version of 2N670
2N675 100 b500kc 75 -volt version of 2N671

MEDIUM POWER TRANSISTORS
FREQUENCY APPLICATIONS

2N223 Audio driver; exceptional beta lin.
2N1416 Matched pair of 2N223
2N224 Audio output; exceptional beta

linearity
2N225 90 0.51 Matched pair of 2N224
2N226 60 0.4 Audio output; exceptional beta

linearity
2N227 60 0.4 Matched pair of 2N226
2N1124 Min hfe Minimum E3-51 based high -voltage, general

40 0.4 purpose industrial amplifier
2N1125 hfe 100 Minimum E3-51 based high -voltage, medium

1 frequency amplifier and switch
2N1128 hfe 100 1 E3-51 based audio driver
2N1129 165 0.75 E3-51 based high -gain transistor

for amplifier and switching
0.75 E3-51 based general purpose

audio transistor
f Noise Factor at 1µv reference level across 1,000 ohms

TYPE GAIN
hFE

hfe 110
hfe 110

90

2N1130 125

f,,,b in mc
0.6
0.6

0.51

*Trademarks Reg. U.S. Pat. Off.

Write for Handy Reference Chart

LANSDALE DIVISION / 507 CHURCH ROAD, LANSDALE, PA.
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EIA NO. TYPE APPL. MFR.
MFR.

NO.
NEAREST

TYPE FIG. EM NO. TYPE AP PL. MFR.
MFR.

NO.
NEAREST

TYPE FIG. EU NO. TYPE APPL. MFR.
MFR.

NO.
NEAREST

TYPE FIG.

27I463 GPNPA AF RCA 2N46
BEN
W
PHL
GE

2N105
2N1008A
214402
214223
2N322

21447 GPNPA AF PHL 2N47 5

RCA 2N105
BEN 2N1008A
AMP 2N281
GE 2N322

21448 GPNPA AF PHL 2N48 5

RCA 2N105
BEN 2N1008A
GE 2N321

2N49 GPNPA AF PHL 2N49 5

RCA 2N105
GE 2N322

2N50 GC CTP 2N50

2N51 GC 9 CTP 2N51

2N52 GC OSC CTP 2N52

2N53 GC 9 CTP 2N53

2N54 GPNPA AF W 2N54
RCA 2N109
BEN 2N1008B
MOT 2N1191
AMP 0072
GEM 2N34
GE 2N1098
SYL 2N34

2N55 GPNPA AF W 2N55
RCA 2N109
BEN 2N1008B
MOT 2N1191
AMP 0072
GEM 2N34
GE 2N1047
SYL 2N34

2N56 GPNPA AF W 2N56
RCA 2N109
BEN 2N1008B
MOT 2N1191
AMP 2N281
GEM 2N34
GE 2N322
SYL 2N34

2N57 GPNPA AFO MH 2N57
CBS 2N156 6
W 2N57

2N59 GPNPA AF W 2N59
RCA 2N270
IND TR466
GT GT109
BEN 2N1008A
TS 2N383 1

MOT 2N1192
AMP 0074
GEM 2N241A
NUC NPC123
GE 2N321

2N59A GPNPA AF W 2N59A 5

BEN 2N1008A
PHL 2N1125
GE 2N321

2N59B GPNPA AF W 2N59B 5

BEN. 2NI008B

2N59C GPNPA AF W 2N59C 5

BEN 2N1008B

2N60 GPNPA AF W 2N60 5

RCA 2N270
IND TR320
GT GT109
BEN 2N1008A
TS 2N382 1

MOT 2N1193
NUC NPC123
PHL 2N1128
GE 2N321

2N60A GPNPA AF W 2N60A
BEN 2N1008A
GE 2N321

2N60B GPNPA AF W 2N60B 5
BEN 2N1008B

2N60C GPNPA AF W 2N60C 5

BEN 2N1008B

2N61 GPNPA AFO W 21461 5

RCA 2N270
IND 2N464
GT GT109
BEN 2N1008A
TS 2N381
MOT 2N1192
NUC NPC122
GE 2N320

2N61A GPNPA AFO W 2N61A 5

BEN 2N1008A.
GE 2N320

2N61B GPNPA AFO W 2N61B 5

BEN 2N1008B

2N61C GPNPA AFO W 2N61C 5

BEN 2N1008B

2N624 GPNPA GP PHL 2N62
RCA 2N109
GT GT109
MOT 2N1191
AMP 2N281
GEM 2N34
W 2N403
PHL 2N535B
SYL 2N34

21463 GPNPA AF RAY 2N63
RCA
IND
GT
BEN
TS 2N63
MOT
AMP
GEM
W
PHL
GE
SYL

2N217
2N464
GT14
2N1008

2N1191
2N281
2N217
2N402
2N226
214107
2N217

2N64 GPNPA AF RAY 2N64
RCA 2N217
GT GT20
BEN 2N1008
TS 2N64
MOT 2N1191
AMP 2N281
GEM 2N217
W 2N402
PHL 2N224
GE 2N322
SYL 2N217

3

3

2N65 GPNPA AF RAY 2N65
RCA 2N217
IND 2N465
GT GT81
BEN 2N1008
TS 2N65 3

MOT 2N1193
AMP 2N281
GEM 2N217
W 2N402
PHL 2N223
GE 2N323
SYL 2N217

2N664 GPNPA AF WE

2N67 GC S WE 2N67

2N68 GPNPA AFO SYL
CBS 2NI56 6

GEM 2N68
PYE V30/20IP

2N69 GPNPA AF WE

2N71 GPNPA AF
CBS 2N158 6

2N724 GC S RCA

21473 GPNPA S
BEN 2N1008B
GE 2N1056

2N74 GPNPA S
BEN 2N1008B
GE 2N1056

BEN 2N1008
GE 2N1056

214764 GPNPA AF GE 2N76 1

RCA 2N104
GT GT14
BEN 2141008
MOT 2N1192
AMP 0071
W 2N402
GE 2N188

2N773 GPNPA AF RCA 2N1055
IND 2N465
GT 2N565
BEN 2N1008A
MOT 2N1191
W 2N402
NUC NPC 152
PYE V1050A
GE 2N324

2N78 GNPNG RF, IF GE 2N78 7

GT 2N445
CBS 2N439 1

AMP 0C45
GEM 2N139
W 214615
SYL 2N139

2N793 GPNPA AF RCA 2N331
GT GT20
BEN 2N1008A
MOT 2N1191
AMP 0071
W 214403
GE 2N191

2N80 GPNPA AF CBS 2N80 2

GT GT81
GE 2N508

2N81 GPNP AF GE 2N814 8

GT GT14
BEN 2N1008
MOT 2N1191
GE 2N1098

2N82 GPNPA AF CBS 2N82
GT GT14
BEN 2N1008
MOT 2N1191
GE 2N1098

2N83 GPNPA AFO TR 2N83
CBS LT5036 9

2N83A GPNPA AFO TR 2N83A

2N84 GPNPA AFO TR 2N84

2N84A GPNPA AFO TR 2N84A

2N85 GPNPA AF TR 2N85
RCA 2N109
GT GT8I
AMP 2N281
GEM 2N34
W 2N403
SYL 2N34
TI 21485

2N86 GPNPA AF TR 2N86
RCA 2N109
GT GT81
AMP 2N201
GEM 2N34
W 2N403
SYL 2N34

2N87 GPNPA AF TR 2N87
RCA 2N109
GT GT81
AMP 2N281
GEM 21434
W 2N403
SYL 2N34

2N88 GPNPA AF TR 2N88
RCA 2N105
GT GT20
GEM 2N34
W 2N402
SYL 2N34

2N89 GPNPA AF TR 21489
RCA 2N105
GT GT20
W 2N402

2N90 GPNPA AF TR 2N90
RCA 2N105
GT GT20
W 2N402

2N91 GPNPA S TR 2N91

2N92 GPNPA S TR 2N92

2N94 NPN HF SYL 2N94
RCA 214585
GT GT 948R
CBS 2N377
AMP OC 140
GEM 2N94
GE 2N634

2N94A NPN HF SYL 2N94A
GT GT792R
CBS 2N377
AMP OC 140
GEM 2N94
GE 2N634

2N95 CBS LT5210 10
GEM 2N95

2N963 GPNPA AF RCA 2N331
GT GT14
AMP 0071
W 2N403

2N97 GNPNG AF GP 2N97
GT 2N444
CBS 2N444
GEM 2N169A
GE 2N169

2N97A GNPNG S GP 2N97A
CBS 2N438
GEM 2N169A
GE 2N169A
BOG 2N97A

2N98 GNPNG AF GP 2N98
GT 2N445
CBS 2N444
GEM 2N169A
GE 2N169A
BOG 2N98

2N98A GNPNG S GP 2N98A
CBS 2N444
GEM 2N169A
GE 2N169A
BOG 2N98A

2N99 GNPNG S GP 2N99
GT 2N445
CBS 2N438
GEM 2N169A
GE 2N169A
BOG 2N99

214100 GNPNG AF GP 214100
GT 2N446
CBS 2N439
GE 2N170
BOG 2N100

2N101 PNP AF SYL
CBS LT5209 10
GEM 2N101
PYE V30/20IP

2N102 NPN AF SYL
CBS LT5210 10
GEM 2N102

2N103 NPN AF GP 214103
GT GT35
GE 214170
BOG 2N103

2N104 GPNPA AF RCA 2N104
IND TRC44
GT 2N565
BEN 2N1008A
TS 214381
MOT 2N1191
AMP 0071
GEM 2N109
W 2N402
NUC NPC 152
PHL 2N207A
GE 2N190

3
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Up-to-the-minute news about transistors

NEW DRIVER TRANSISTORS

SWEEPING THE FIELD
Extra -versatile Bendix
units beat high costs,
design limitations
over wide front
Called the "workhorse of the
transistor industry," the new
Bendix* Driver Transistor series
is winning the nod from more and
more engineers daily. These men
find it the answer to audio fre-
quency and switching applications
requiring extra performance with-
out extra cost.

Here is a special device for use
where reliability, versatility, and
low cost are primary requirements.
The Bendix units combine higher
voltage rating and high current
gain with more linear current
gain characteristics for low distor-
tion and more efficient switching.

They're now in high production
for rapid delivery in JEDEC TO -9
packages.

NEW BENDIX SEMICONDUCTOR
CATALOG on our complete line of
power transistors, power rectifiers,
and driver transistors available
on request. Write SEMICONDUCTOR
PRODUCTS, BENDIX AVIATION COR-
PORATION, LONG BRANCH, N. J. For
information about employment
opportunities write personnel
manager. *TRADEMARK

ENGINEERS KNOW the new Bendix Driver Transistor line-up meets an unusually
wide range of circuitry applications. Bendix Applications Engineering Department
suggestions on circuitry problems are helpful, too.

VISIT US AT THE N. Y. I.R.E. SHOW, BOOTH 2228

APPLICATION, PERFORMANCE DATA INDICATE BROAD USAGE

TYPE
MAXIMUM RATINGS TYPICAL OPERATION

Vce IC Pc Tj T storage hfe I tab Vce(Sat)
NUMBERS

lc =10 mAdc Ic =100 mAdcVdc mAdc mW 'C
Ib= 10 mAdc

2N1008 -20 300 400 85 -65 to +85 90 1.2 mc 0.15 Vdc
2N1008A -40 300 400 85 -65 to +85 90 1.2 mc 0.15 Vdc
2N1008B -60 300 400 85 -65 to +85 90 1.2 mc 0.15 Vdc
2N1176 -15 300 300 85 -65 to +85 65 1.2 mc 0.15 Vdc
2N1176A -40 300 300 85 -65 to +85 65 1.2 mc 0.15 Vdc
2N1176B -60 300 300 85 -65 to +85 65 1.2 mc 0.15 Vdc

Ideal for such applications as.
TRANSISTOR DRIVER  AUDIO AMPLIFIER (CLASS A OR B)
POWER SUPPLY  SERVO CONTROL  AUDIO OSCILLATOR
MOTOR CONTROL RELAY DRIVER POWER SWITCH

SEMICONDUCTOR PRODUCTS

Red Bank Division
LONG BRANCH, N. J.

v7lelsofe
AVIATION CORPORATION

West Coast Sales Office:
117 E. Providencia Avenue, Burbank, California

Midwest Sales Office:
2N565 York Road, Elmhurst, Illinois

New England Sales Office:
4 Lloyd Road, Tewksbury, Massachusetts

Export Sales Office: Bendix International Division,
205 E. 42nd Street, New York 17, New York

Canadian Affiliate: Computing Devices of Canada, Ltd.,
P.O. Box 508, Ottawa 4, Ontario, Canada
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MFR. NEAREST MFR. NEAREST MFR. NEAREST

E1A NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. E1A NO. TYPE APPL. MFR. NO. TYPE FIG.

2N105 GPNPA AF RCA 2N105 214120 SNPNG GP TI 2N120 2N135 GPNPA RF CE 2N135
IND 2N465 TR 2NI20 2N335 RCA 2N139
GT GT81 IND 214482
BEN 2N1008A 2N122 SNPNG GP TI 2N122 GT 214520
TS 21464 3 TS 2N425
MOT 2141192 2N123 GNPN S GE 2/1123 13 AMP 0C45
GEM 2N109 RCA 2N404 GEM 2N139
W 2N403 INC 2N1284 W 2N614
NUC NPC152 GT GT123 PYE V6/4RC
PYE V10/50A TS 2N426 SYL 2N139
PHL 2N535 TR 2N123 2N425
GE 2N191 AMP 0C47 2N136 GPNPA RF GE 2N136

GEM 2N123 RCA 2N1395
2N106 PNP AF RAY 2N106 PHL 2N598 2ND 2N482

GEM 2N109 SYL 2N404 GT 2N520
W 2N402 TS 2N414
PHL 2N223 2N124 GNPNA S TI 2N124 AMP  0C45
GE 2N1097 CBS 214445 GEM 2N139

GE 2N293 W 2N615
214107 GPNP AF GE 2N107 PYE V6/4R

RCA 2N218 2N125 GNPNG S TI 214125 SYL 2N139
IND TR722 RCA 2N585
GT GT222 CBS 2N446 2N137 GPNPA RF GE 2N137
BEN 2N1008 GE 2N167 RCA 2N1405
TS 2N63 3 IND 214484
MOT 2N1191 2N126 GNPNG S TI 2N126 GT 2N521
AMP 214279 RCA 2N585 TS 2N416
GEM 2N34 CBS 214439 AMP 0C44
W 2N402 GE 2N167 W 2N615
PYE V6/2R PYE V6/8RC
PHL 2N223 2N127 GNPNG S TI 2N127
SYL 2N34 CBS 2N440 2N138 GPNPA AF RAY 2N138

GE 2N167 RCA 2N406
2N108 GPPA AF CBS 2N108 BEN 2N1008

PHIL 2N226 214128 GPNPS HG PHL 2N128 MOT 2N1193
GE 2N322 RCA 214247 AMP 2N281

GT 2N604 GEM 2N406
2N109 GPNPA AF RCA 2N109 SPR 2N1287 W 2N61

IND 2N632 AMP 2N1516 PHI. 2N226
GT GT109 GEM 2N247 GE 2N508
BEN 2N1008A SYL 2N247 SYL 2N406
TB 2N382 1

MOT 2N1192 2N129 GPNPS IF PHL 2N129 2N138A GPNPA AF RAY 2N138A
AMP 2N281 RCA 2N373 RCA 2N406
GEM 2N109 GT 2N603 BEN 2N1008B
W 2N403 AMP 2N1516 AMP 2N281
NUC NPC153 GEM 2N247 GEM 2N406
PHL 2N1130 PYE V15/ 20R W 2N60
GE 2N1097 SYL 214247 PHL 2N1130
SYL 2N109 2N406

2N130 GPNPA AF RAY 2N130 2N138B BEN 2N1008B
2N110 GPNPC S WE 214110 RCA 2N105

BEN 2N1008 2N139 GPNPA IF RCA 2N139
2N111 GPNPA IF RAY 2N111 TS 2N63 IND 2N482

RCA 2N218 MOT 2N1191 GT GT 160R
IND 2N413 W 2N402 TS 2N414
GT 2N519 PHL 2N1128 AMP 0C46
BEN 2N1008A GE 2N1098 GEM 2N139
TS 2N413 1 W 2N615
GEM 2N139 2N130A GPNPA AF RAY 2N130 PYE V6/4R
W 214614 RCA 2N105 PHI. 2N344
GE 2N450 IND 2N464 GE 2N450

GT GT14 SYL 2N139
2N111A GPNPA IF RAY 2.N111A BEN 2N1008B

RCA 2N218 TS 2N381 2N140 GPNPA CNV RCA 2N140
IND 2N413A IND 2N485
BEN 2N1008A W 2N402 GT GT76IR
TS 2N413 PYE V10/30AC BEN 2N1008
GEM 2N139 PHI. 2N1124 TS 214416
W 2N614 GE 2N1098 AMP 0C46
GE 2N450 GEM 2N140

214131 PNP RAY 2N131 W 2N617
2N112 GPNPA IF RAY 2N112 RCA 2N105 PYE V618R

RCA 2N218 IND 2N465 PHL 2N345
IND 2N414 BEN 2N1008 GE 2N450
GT 2N520 TS 2N64 SYL 2N140
TS 2N414 1 MOT 2N1191
GEM 214139 GEM 2N241A 2N141 GPNPA AFO SYL 2N141
W 2N615 W 214402 CBS LT5201 10
GE 214450 PHL 2N1124 GEM 2N141

GE 2N1098 PYE V60/20IP
2N112A GPNPA IF RAY 2N112A PHI. 2N386

RCA 2N218 2N131A GPNPA AF GT 2N131A
IND 2N483 RCA 2N105 2N142 GNPNA AFO RAY 2N142
TS 2N414 GT GT20 CBS LT5202 10
GEM 2N139 BEN 2N1008B GEM 2N142
W . 2N615 TS 2N381
GE 2N450 MOT 2N650 2N143 GPNPA AFO RAY 2N143

GEM CBS LT5201 10

2N113 GPNPA IF RAY 2N113 W 2N402 GEM 2N143
RCA 2N1395 PYE V10/30A PYE V60/20IP
IND 2N416 PHI. 2N1124 PHL 2N675
GT 2N521 GE 2N1098
AMP 0C45 2N144 GNPNA AFO RAY 2N144
GEM 2N139 214132 GPNPA AF GT 2N132 CBS LT5202 10
W 2N617 RCA 2N105 GEM 2N144
GE 2N450 IND 214362
SYL 2N139 BEN 2N1008 2N145 GNPNG IF TI 20I45

TS 2N65 GT GT948R
2N114 GPNPA CNV RAY 2N114 MOT 2N1192 CBS 2N444 1

RCA 2N1405 W 2N403 AMP 0C45
IND 2N417 PHL 2N535 GEM 2N169
GT 2N522 GE 2N321 GE 2N448
AMP 0C44 SYL 2N94A
GEM 2N139 2N132A GPNPA AF RAY 2N132A
W 2N617 RCA 2N105 2N146 GNPNG IF TI 2N146
GE 2N450 IND 2N466 GT GT948R

GT GT81 CBS 2N444 1

2N115 PNP AMP 2N115 BEN 2N1008A AMP 0C45
RCA 2N270 TS 2N383 GEM 2N169
BEN 2N234A MOT 2N1192 GE 2N292
MOT 2N176 GEM 2N241A SYL 2N94A

W 2N403
2NI16 GPNPA AF CBS 2N116 PYE V10/50A 2N147 GNPNG IF TI 2N147

RCA 2N175 PHI. 2141125 GT GT948R
CT GT81 GE 2N321 CBS 214444 1

AMP 0C45
2N117 SNPNG AF TI 2N117 2N133 GPNPA AF RAY 2N133 GEM 2N168A

TR 214117 2N471 RCA 2N175 GE 2N293
GE 2N332 BEN 2N1008 SYL 2N94A

TS 2N64
214118 SNPNG AF TI 2N118 MOT 2N1191 2N148 GNPNG IF TI 214I48

TR 2N118 2N474 PHL 2N207B GT GT948R
GE 2N333 GE 2N1097 CBS 2N377

AMP 0C45
2N118A SNPNG AF TI 2N118A 2N133A GPNPA AF RAY 2N133A GEM 2N169A

TR 2N118A 2N474 RCA 2N175 GE 2N448
IND 2N465

2N119 SNPNO AF TI 214119 GT GT74 2N148A GNPNG IF TI 2N148A
GE 2N335 BEN 2N1008A CBS 2N438 1

TR 2N119 TS 2N382 AMP 0C44
MOT GEM 2.N 169A
PYE V10/50AC GE 214448
PHI.
GE

2N535
2N1097

185



TYPICAL SEVERE TESTS
New CBS Reliable Indium -bonded Diodes

Environmental
 Temperature cycling, -65° to 85°C
 Hermetic seal, 100 psi
 Moisture resistance exceeding MIL -STD -202A
 Shock, 1000 G for 1 millisecond
 Centrifuge, 20,000 G
 Vibration, 15 G at 50.2000 cps
 Salt spray and lead fatigue

Electrical
 Automatic, both forward and reverse

Pulse recovery time, JAN 256 circuit
 Electromechanical stability and noise
 Storage, 1000 hours at 85°C
 Over-all quality exceeds MIL -S -19500B

CBS Indium -bonded

Diodes Give You

Missile Reliability

DIODE

SURVIVAL

BETTER THAN

99.985%!
Near perfection is demanded of computer

diodes used in missiles. CBS Reliable
Indium -bonded Diodes meet this challenge
with an Acceptable Quality Level of 0.015%

. a degree of quality never before achieved.
in semiconductor mass production. Only
one diode out of 6500 can fail!

This dependability is available for your
computer applications in a wide line of new
CBS Reliable Indium -bonded Diodes.
Exceptionally rugged design, advanced
processing techniques, severe mechanical
tests, and automatic electrical tests make
the difference. Ask your Manufacturers
Warehousing Distributor or your local sales
office about these CBS Reliable Indium-
bonded Diodes today. Get technical
bulletin E -314R.

CBS semiconductors
More Reliable Products through Advanced Engineering

CBS ELECTRONICS, Semiconductor Operations  A Division of Columbia Broadcasting System, Inc.
Sales Offices: Lowell, Mass., 900 Chelmsford St., GLenview 4-0446 Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 Melrose Park, Ill., 1990 N. MannheimRd., EStebrook 9-2100 Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 Atlanta, Ga., Cary Chapman & Co., 672 Whitehall St., JAckson 4-7388

Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311
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MFR. NEAREST MFR. NEAREST MFR. NEAREST

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO, TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.

2N149 GNPNG IF TI 2N149 2N167 GNPN S GE 2N167 2N183 GNPNA S CBS 2N183 2N439

GT GT948R RCA 2N1090 GT 2N446

CBS 2N377 GT GT167 AMP OC 140

AMP 0C44 CBS 2N446 1 GE 2N634

GEM 2N169A AMP OC 140

GE 2N292 GEM 2N94A 211184 GPNPS S CBS 214184 2N440
GT 211447

2N149A GNPNG IF TI 2N149A 2N167A GNPN S GE 2N167A 7 AMP 0C140

CBS 2N438 GE 2N635

AMP 0C45 2N168 GNPN IF GE 2N168
GEM 2N169A GT GT792R 211185 GPNPA AFO TI 25185

GE 2N292 CBS 2N445 1 RCA 214270

AMP 0C45 IND 2N361

2N150 GNPNG IF TI 2N150 GEM 214292 GT GT81

GT GT948R GE 2N2934 7 BEN 2NI008

CBS 211377 SYL 2N94A TS 2N382

GEM 2N169A MOT 2N1191

GE 211293 2N168A NPN OSC GE 2N168A AMP 2N281
CBS 2N446 1 GEM 21134

2N150A GNPNG IF TI 2N150A AMP 0C44 W 2N61

CBS 2N438 GEM 2N168A PHL 2N223

GEM 2N169A GE 2N10864 7 GE 2N188

GE 2N293 SYL 2N168A SYL 2N34

2N151 GPNPA AF MAL 214151 2N169 GNPN IF GE 2N169 7 211186 GPNPA AF GE 2N186
GT GT948R RCA 2N217

2N152 GPNPA AFO MAL 2N152 CBS 211445 1 GT GT20
AMP 0C45 BEN 2N1008A

214153 GPNPA AFO MAL 2N153 GEM 2N169A TS 2N381 1

SYL 2N94A MOT 2N1191

2N154 GPNPA AFO MAL 2N154 AMP 2N28I
2N169A GNPN AF GE 2N169A 7 GEM 2N34

2N155 GPNPA AFO CBS 2N155 11. CBS 2N377 1 W 2N61

RCA 2N3015 AMP 0C45 PYE V10/15A

BEN 2N155 2N325A GEM 2N169A PHL 2N226

TS 2N242 12 SYL'2N169A SYL 2N34

AMP OC 30
GEM 2N155 2N170 GNPN IF GE 2N170 7 2N186A GPNPA Al GE 2N186A 13

PYE V30/20P GT GT948R RCA 2N270

PHL 2N386 CBS 2N377 1 IND 214464

SYL 214155 AMP 0C45 BEN 2N1008A

CT P 2N155 GEM 2N94A TS 2N381 1

SYL 2N94A MOT 2N1191

2N156 GPNPA AFO CBS 2N156 6 AMP 0074
RCA 2N301 21072 GNPNG C NV TI 2N172 GEM 2N270

BEN 2N156 2N235A GT GT792R W 2N61

TS 2N242 12 CBS 214444 1 PHL 2N1130

MOT 2N178 AMP 0C44 SYL 2N270

AMP OC30 GEM 211212
GEM 211156 GE 2111086 2N187 GPNPA AF GE 2N187

PYE V30/20P SYL 2N2I2 RCA 2N109

PHL 2N386 IND 2N361

SYL 2N242 2N173 GPNPA AFO DEL 2N173 GT GT81
RCA 214301 BEN 2N1008A

2N157 GPNPA AFO CBS 2N157 11 BEN 2N1031A TS 2N381 1

RCA 2N561 TS 2N173 14 MOT 2N1191

BEN 2N638A MOT 2N629 AMP 2N281

TS 214379 AMP 0C29 GEM 2N34

MOT 2N375 GEM 2N677B W 2N61

PYE V60/20P PHL 211386 PYE V10/3DA

PHL 2N386 SYL 2N173 PHL 211224
SYL 2N34

2NI57A GPNPA AFO CBS 2N157A 11 211174 GPNPA AFO DEL 211174

RCA 2N1014 BEN 2N1031B 2N187A GPNPA AF GE 2N187A 13

BEN 2N638B TS 2N174 14 RCA 2N270

TS
MOT

2N459
2N1362

12 MOT
GEM 2N677C630

IND
BEN

2N632
2N1008A

PFIL 211387 PHL 2N387 TS 2N381 1

SYL 2N174 MOT 2N1191

2N158 GPNPA AFO CBS 2N158 6 AMP 0074
BEN 2N639A 2N174A GNPN P DEL GEM 2N270

TS 2N379 12 BEN 2N1031B 6 W 2N61

MOT 2N375 GEM 2N677C NUC NPC 121

AMP OC 30 PHL 2N387 PHL 2N1129

GEM 2N242
PYE V60/30P 2N175 GPNPA AF RCA 2N175 2N188 GPNPA AF GE 211188

SYL 2N242 IND 2N633 RCA 2N109

GT GT74 GT GT109

2N158A GPNPA AFO CBS 2N158A 6 TS 21165 3 BEN 2N1008A

BEN 2N639A MOT 2111192 TS 2N382

TS 211459 12 W 2N403 MOT 2N1192

MOT 2N375 PYE V10/50A AMP 2N281

GEM 2N242 PHL 2N207B GEM 21134

PHL 2N387 W 2N60

2N176 GPNPA AFO MOT 2N176 PYE V10/50AC

2N159 GC S SPA 2N159 RCA 2N176 PHL 2N223

CBS 214301 11 SYL 2N34

2N160 SNPNG RF GP 2N160 BEN 2N235A
GE 214332 TS 2N242 12 2N188A GPNPA AF GE 2N188A 13

BOG 211160 AMP 0C27 RCA 2N270

GEM 211176 114D 2N465

2N160A SNPNG RF GP 2N160A SYL 2N176 BEN 2N1008A

GE 2N332 NUC 2N176 TS 2N382

BOG 2NI60A MOT 2N1192

211178 GPNPA AFO MOT 211178 AMP 0074
2N161 SNPNG RF GP 2N164. CBS 2N301 11 GEM 211270

GE 2N333 BEN 2N234A W 2N60

BOG 2N161 TS 211307 12 NUC NPC 122

GEM 2N235A PHL 2111128

2N161A SNPNG RF GP 2N161A PHL 2N3136 SYL 211270

GE 214333
BOG 2N161A 2N179 GPNPA AFO MOT 211179 214189 GPNP AF GE 2N189 13

CBS 2N256A 11 RCA 2N408

2N162 SNPNG RF GP 214162 BEN 2N1008 IND 2N465

GE 214335 PHL 2N386 GT GT14

BOG 214162 BEN 2N1008A

234180 GPNPA GP CBS 2N180 TS 2N381

2N162A SNPNG RF GP 2N162A RCA 2N217 MOT 2N1191

GE 214335 2ND 211466 AMP 0071
BOG 2N162A GT 2N565 GEM 2N34

BEN 2N1008A W 2N402

2N163 SNPNG RF GP 2N163 MOT 2N651 NUC NPC151
GE 2N335 AMP 211281 PYE V10/15AC
BOG 2N163 GEM 2N270 PHL 2N1130

W 2N60 SYL 2N34

2N163A SNPNG RF GP 2N163A PHL 2NI130
GE 2N335 GE 2111097 214190 GPNP AF GE 2N190 13

BOG 2N163A RCA 2N408

214181 GPNPA GP CBS 2N181 IND 211465

2N164A GNPN IF, GE 2N164A. RCA 2N270 GT GT20
GT GT792R IND 211382 BEN 2N1008A

CBS 2N446 BEN 2N1008A TS 2N381

GEM 2N169A MOT 2N651 MOT 2141191

AMP 0074 AMP 0071
214165 GNPN IF GE 2N165 GEM 2N270 GEM 2N109

GT GT948R W 2N60 W 2N403

CBS 211446 PHI 2N1124 NUC NPC151

GEM 2N169A GE 2N188A PYE V10/30A
SYL 211270 PHL 2N1128

2N166 GNPN IF GE 211166 SYL 2N34

GT GT229 2N182 GNPNA S CBS 214182 2N438 1
CBS 2/4448 GT 211445

GEM 2N94A AMP OC 140 187
GEM
GE

2N94A
211634



Announcing...

DECL

High Quality

High Performance

Extreme Reliability

from

41

From the leading manufacturer of power transistors, new Silicon Power Rectifiers
to meet your most exacting requirements. Even under conditions of extreme
temperatures, humidity and mechanical shock, these diffused junction rectifiers
continue to function at maximum capacity! Thoroughly dependable, completely
reliable-new Delco Rectifiers are an important addition to Delco Radio's high
quality semiconductor line.

Conservatively rated at 40 and 22 amperes
for continuous duty up to case temperatures of 150-C.

TYPE
AVG. DC

CURRENT PIV
NORMAL

MAX. TEMP.
MAX.

FORWARD DROP
MAX.

REVERSE CURRENT
.140 DiA.

x
4
2

1N1191A
1 N1192A
1 N1193A
1N1194A

1 N 1183A

1N1184A
1 N1185A
1N1186A

22A
22A
22A
22A

40A
40A
40A
40A

50V
100V
150V
200V

50V
100V
150V
200V

150°C
150°C
150°C
150°C

150°C
150°C
150°C
150'C

1.2V at 60 amps.
1.2V at 60 amps.
1.2V at 60 amps.
1.2V at 60 amps.
1.1V at 100 amps.
1.1V at 100 amps.
1.1V at 100 amps.
1.1V at 100 amps.

5.0 MA
5.0 MA
5.0 MA
5.0 MA

5.0 MA
5.0 MA
5.0 MA
5.0 MA

at 150°C case temper-
ature and rated PIV

2 i °E-i=.
.0IIIIII -'

IMN ../ 1

._- +.
..-.800 MAX.-

4 -21110-2A

For full information and applications assistance, contact your Delco Radio representative.
Newark, New Jersey
1180 Raymond Boulevard
Tel: Mitchell 2-6165

Chicago, Illinois Santa Monica, California
5750 West 51st Street 726 Santa Monica Boulevard
Tel: Portsmouth 7-3500 Tel: Exbrook 3-1465

Division of General Motors  Kokomo, Indiana

ELCO
RADIO
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2N191 GPNP AF GE 2N191 19 2N211 NPN OSC SYL 2N211 2N227 PNP AF PHL 2N227

RCA 2N270 GT GT948R IND 2N466

IND 2N465 GEM 2N211 GT GT109

GT GT81 GE 2N293 BEN 2N1008A

BEN 2N1008A
AMP 214282

TS 2N382 2N212 GNPN CNV SYL 2N2I2 GEM 2N270

MOT 2N1191 GT GT792R 2N60

AMP 0075 GEM 2N212 PYE V30/20IP

GEM 2N109 GE 2141086 GE 2N321

2N403
SYL 2N270

NUC NPC152 2N213 GNPN AF SYt 2N213

PYE V10/50A CBS 2N439 1 2N228 GNPN AF SYL 2N228

PHL 2N1128 GEM 2N213 CBS 2N377 1

SYL 2N34 GE 2N169A GEM 2N228
GE 2N169

2N192 GPNP AF GE 2N192 13 2N213A GNPN AF SYL 2N213A

RCA 2N270
2N229 GNPN GP SYL 2N229

IND 214466 214214 GNPN AF SYL 2N214 GT GT229

GT GT81 CBS 2N438 CBS 2N377 1

TS 221383 GEM 2N214 GEM 2N229

MOT 2N1192
GE 2N169

AMP 0075 2N215 GPNP AF RCA 2N215

GEM
w

2N34
21461

IND
GT

2N362
214565

2N230 GPNP AFO MAL
MOT 2N669

NUC NPC 153 BEN 2N1008A PHL 214386

PYE V10/50AC MOT 2N1191

PHL 2N1128 AMP 0075 227231 GPNPS HF PHL 2N231 15

SYL 2N34 GEM 2N34 RCA 2N218

W 2N402 AMP 0C45

2N193 GNPN OSC SYL 2N193 PHL 2N207 W 2N615

GT GT948R GE 2N1097

GEM 2N193
2N232 GPNPS HF PHL 2N232 15

GE 2N1086 2N216 GNPN IF SYL 2N216 RCA 2N218

GT GT948R AMP 0C45

2N194 GNPN CNV SYL 214194 GEM 2N216 W 2N615

GT GT948R GE 2N292

GEM 2N194
2N233 GNPN RF SYL 2N233

GE 2N1086 2N217 GPNPA AF RCA 214217 GT GT948R

IND 2N632 AMP 0C45

2N194A NPN SYL 2N194A Gt GT109 GEM 2N233

GEM 2N194A BEN 2N1008A GE 2N448

GE 2N1087 TS 2N382 1

MOT 2N1192 2N233A NPN RF SYL 2N233A

2N195 GPNPA AF TR 2N195 AMP 0072 GT GT948R

RCA 214217 GEM 2N217 AMP 0C45

GT GT82 W 2N403 GEM 2N233A

AMP 2N281 NUC NPC 153 GE 2N448

GEM 2N217 PHL 2N1128

W 2N403 GE 214321 2N234 GPNPA AFO BEN 2N234

SYL 214217 SYL 2N217 RCA 2N3015
CBS 2N256A 11

2N196 GPNPA AF TR 214196 2N218 GPNPA IF RCA 214218 BEN 2N234A

RCA 2N217 IND 2N482 TS 2N307A 12

GT GT81 GT GT76OR MOT 2N555

AMP 2N281 TS 2N414 AMP 0C26

GEM 214217 AMP 0C45 GEM 2N242

W 214403 GEM 2N139 PHL 2N386

SYL 2N217 W 2N615 SYL 2N242

PYE V6/4RC

2N197 GPNPA AF TR 2N197 PHL 2N344 2N234A GNPNA AFO BEN 2N234A

RCA 2N217 GE 214136 RCA 2N3015

CT GT81
CBS 2N256A 11

AMP 2N281 2N219 GPNPA CNV. RCA 2/4219 TS 2N307A 12

GEM 214217 IND 2N495 MOT 2N555

2N403 GT GT761R AMP OC 26

SYL 2N217 TS 2N418 GEM 2N242

AMP 0C44 PYE V30/20P

214198 GPNPA AF TR 24198 GEM 2N140 PHL 2N386

RCA 2N217 W 2N617 SYL 2N242

GT GT20 PYE V6/8R
AMP' 2N281 PHL 2N344 2N235 GPNPA AFO BEN 221235

GEM 214217 GE 2N137 RCA 2N3015

W 214403
CBS 2N235A 11

SYL 2N217 2N220 GPNPA AF RCA 2N220 TS 2N242 12

DID 214632 MOT 2N350A

2N199 GPNPA AF TR ' 214199 GT GT74 AMP OC 26

RCA 2N109 TS 2N65 3 GEM 2N235A

GT GT14 MOT 2N1192 PHL 2N386

AMP 214281 W 2N403 SYL 2N235A

GEM .21434 PYE V10/50AC

W 2N403 PHL 2N207 2N235A GPNPA AFO BEN 2N235A

SYL 2N34 GE 2N929 RCA 2N3015
CBS 2N235A 11

2N200 GPNPA AF TR 2N200 2N222 PNP AF GT 2N222 TS 214242 12

RCA 214331 2ND 2N484 MOT 2N350A

GT 2N566 GEM 2N94 AMP 0C28

AMP 0071 W 2N402 OEM 2N235B

W 214403 SYL 2N34 PYE V60/30P
PHL 2N386

2N104 GPNPA GP TR 2N204 214223 PNP AF PHL 2N223 SYL 2N235A

RCA 2N331 RCA 2N270 CTP 2N295A

GT 2N564 IND 2N360

AMP 0071 GT GT81 2N235B PNP AFO BEN 2N235B

W 2N403 BEN 2141008 CBS 2N235B 11

TS 2N383 TS 214242 12

2N205 GPNPA GP TR 214205 MOT 2N1193 MOT 2N351A

RCA 2N331 AMP 'OC74 PYE V60/30P

GT 214566 GEM 2N270

AMP 0071 PYE V15/20IP 214236 PNP AFO BEN 2N236

W 2N402 GE 2/4323 CBS 2N236A 11

SYL 2N270 TS 2N242

22206 GPNPA AF RCA 2N206 2N3315
MOT 2N350A

IND 2N362 2N224 PNP AF PHL 2N224 AMP 0C26

GT 214567 RCA 2N270 GEM 2N236B

BEN 2N1008A IND 2N466 SYL 2N242

TS 2N381. 1 BEN 2N1008A

MOT 2N1191 MOT 2N224 2N1192 2N236A PNP AFO BEN 2N236A

AMP 0071 AMP 0074 RCA 214301

W 2N403 GEM 2N270 CBS 2N236A 11

NUC NPC152 W 2N60 TS 221242

PYE V10/30W PYE V30/20IP MOT 2N350A

PHL 2N1125 GE 2N321 AMP 0C26

GE 2N1097 SYL 2N270 GEM 2N236B
PYE V60/30P

2N207 PNP AF PHL 214207 2N225 PNP AF PHL 2N225 PHL 2N386

RCA 2N105 IND 214466 SYL 2N242

IND 2N362 BEN 2N1008A

GT GT81 AMP 2N282 2N236B PNP AFO BEN 2N236B

TS 2N65 3 GEM 214270 CBS 2N236B 11

GE 2N324 W 2N60 TS 211242 12

PYE V30/20IP MOT 2N351A

2N207A PNP AF PHL 2N207A GE 2N321 AMP CC 26

RCA 2N105 SYL 2N270 GEM 2N236B

TS 21465
SY L 2N236B

GEM 2N241A 2N226 PNP AF PHL 2N226

GE 2N324 RCA 214270 2N237 GPNPA AF NA 2.14237

IND 2N465 RCA 214220

2N207B PNP AF FRL 2N207B GT GT109 GT GT81

RCA 2N105 BEN 2N1008A PHL 2143124

TS 2/465 3 TS 2N382 GE 2N192

GEM 2N241A MOT 2N1192 SYL 2N242

GE 2N324 AMP 0074
GEM 2N270
W 2N60,
PYE
GE

V30/20IP
214321

189
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It was inevitable

DIFFUSED SILICON DIODES FROM FAIRCHILD
THE FIRST-An ultra -fast computer diode:
Four millimicrosecond maximum reverse recovery
time of this new FD 100 overcomes the diode -
caused speed limitations in computer circuits. Ca-
pacitance is only 2Nif at zero volts bias.

THE REASON-A need and the technology
to serve it: Fairchild's diffused silicon transistors
have achieved heretofore unattainable performance.
Application of these transistors has in turn created
the need for silicon diodes of similarly outstanding
performance.

THE FOLLOW UP-A broad line of high re-
liability diodes: This Fairchild FD 100 diode is
being followed by others providing industry -leading
standards in reliability and uniformity-backed by
a continuing accumulation of statistical data on a
large scale.

4300 REDWOOD HIGHWAY SAN RAFAEL,

TENTATIVE SPECIFICATIONS - FAIRCHILD FO 100
25'C Except As Noted

Symbol Characteristic Min. Max. Conditions

BV

IR

VF
C

40 volts

.100 µA
Forward Voltage Drop 1 v
Capacitance 2 ukif

Breakdown Voltage

Reverse Current
ci IR -=.100

Vg =30v, 25'C
IF =10 mA

VR =Ov
trr Reverse Recovery

Time To Ir=1 ma 4 rnAs 0 If =1,..-10 ma
Maximum Power 200 mw.
Dissipation

Temp. Range Operating -65°C to 175°C
Storage -65°C to 200°C

For full specifications, write Dept. J-3
See us at Booth #2701-3-5-7 on the second floor at I. R. E.

5//RCII//10
SEMICONDUCTOR CORPORATION

CALIFORNIA GLENWOOD 6-1130 TWX SRF 26
New York Area: Pioneer 1-4770 Syracuse: GRanite 2.3391 Philadelphia Area: TUrner 6-6623Washington, D.C.: NAtional 8-7770 Chicago: BR owning 95680 Los Angeles: OLeander 5-6058
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NO.
NEAREST

TYPE FIG. EIA NO. TYPE APPL. MFR.
MFR.
NO.

NEAREST
TYPE FIG. EIA NO. TYPE APPL. MFR.

MFR.
NO.

NEAREST
TYPE FIG.

214238 GPNP AFO TI
RCA
IND
GT
MOT
AMP

 GEM
W 214402
PNL 2N226
GE 2N191
SYL 214217

2N238
2N217
2N465
GT81
2N1192
0072
2N217

2N240 GPNPS S PHL 2N240
RCA 2N582
GT 2N604
S PR 2N2407
AMP 0C46
GEM 2N217
PYE V15/20R
SYL 2N217

2N241 GPNPA AF GE 2N241
RCA 2N217
IND 2N383
GT GT109
BEN 2N1008A
TS 214383 1

MOT 2141192
AMP 2N281
GEM 2N241A
W 2N59
PYE V10/50A
PHL 2141128
SYL 2N241A

2N24 GPNP AFO GE 2N241A 13
RCA 214270
IND 2N466
BEN 2N1008A
TS 2N383 1
MOT 2N1193
AMP 0074
GEM, 2N241A
W 2N59
NI1C NPC123
PHL 2141128
SYL 2N241A

2N242 PNP AFO SYL 2N242
RCA 2N301A5
CBS 2N235A 11.

BEN 2N242 2N235A
TS 2N242 12

MOT 214176
AMP OC 28
GEM 2N242
PYE V60/20P
PHL 2N1124
CTP 2N242

214243 SNPNG AF TI 2N243
TR 2N243 214342

2N244 SNPNG AF TI 2N244
TR 214343

2N245 SNPNG AF TI 214245

214246 SNPNG AF TI 2N246

2N247 GPNPD RF RCA 2N247
GT 2N606
AMP 2N1516
GEM 214247
PYE V15/20R
PHL 2N393
SYL 2N247

2N248 GPNPG RF TI 2N248
RCA 2N247
GT 2N608
AMP 2N1516
GEM 2N247
PHL 2N504
SYL .2N247

214249 GPNPA AF TI 2N249
RCA 214270
BEN 2N1176A
AMP 0074
GEM 2N270
W 2N59
GE 2N320
SYL 2N270

2N250 GPNPA AFO TI 214250
RCA 2N3015
CBS 2N301 11

BEN 2N235A
TS . 214242 12

MOT 211555
AMP OC 26
GEM 214250
PHI. 214386
SYL 2N250
CTP 214250

214251 GPNPA AFO TI 2N251
RCA 2N301A5
CBS 2N301A 11

BEN 2N639A
MOT 2N375
AMP OC 28
GEM 2N296
PHL 214386

SYL 2N296

2N252 GPNPG CNV TI 214252
RCA 2N374
IND 2N485
GT 2N606
AMP 0C44
GEM 2N140
W 214617

PYB V15/20R
PHL 211344

2N253 GNPNG IF TI 2N253
GT GT948R
AMP OC45
GEM 2N94A
GE 214292
SYL 2N94A

2N254 GNPNG IF TI
GT
AMP
GEM
GE
SYL

214254

2N255 GPNPA AFO CBS 214255
RCA
BEN 214255
TS
MOT
AMP
GEM 2N255
PYE
PHL
SYL 214255
CTP 2N255

GT948R
0C45
2N94A
2N293
2N94A

2N255A 11

2N3015

2N307 12
2N554
OC 26

V15/30P
2N386

2N255A GPNP AFO CBS 2N255A 11
TS 2N307 12
PYE V15/30P
BEN 2N255

2N256 GPNPA AFO CBS 2N256 2N256A 11

RCA 2N3015
BEN 2N256
TS 2N307A
MOT 2N555
AMP OC 26
GEM 2N256
PYE V30/30P
PHI. 2N386
SYL 214256
CTP 2N256

2N256A GPNP AFO CBS 2N256A
TS
PYE

2N307A 12
V30/30P

214257 GPNPA AFO CTP 2N257
RCA 2N3015
CBS 2N257 11

BEN 2N235A
TS 2N242 12

MOT 2N176
AMP OC 26
GEM 2N257
PHL 2N386
SYL 2N257

2N260 SPNPA GP CTP 2N260
PHI. 2N496
GE 2N332

2N260A SPNPA GP CTP 2N260A
PHL 2N495
GE 2N332

2N261 SPNPA GP CTP 214261
PHL 2N495
GE 2N332

2N262 SI-NPA GP CTP 2N262
PHL 2N496
GE 2N333

 2N262A SPNPA GP CTP 2N282A
PHI. 214495

GE 2N333

2N263 SNPNG S TI 2N263

214265 GPNP AF GE 2N265
RCA 2N408
IND 2N465
GT GT81
BEN 2N1008A
TS 2N383
MOT 2N1193
GEM 2N406
W 2N403
FHL 2N1128
SYL 2N406

2N266 GPNPA AF GE 2N266
IND 2N381
BEN 2N1008
AMP 214281
W 2N61
PHL 2N226

2N267 GPNPD RF RCA 2N2673 2N247
GT 2N606
AMP 2N1516
GEM 2N247
PHL 2N593
SYL 2N247

2N268 GPNPA HS CTP 2N268
RCA 2N301A
CBS LT5072 11

BEN 2N268 2N639A
TS 2N379 12
MOT 2N375
AMP 0C26
GEM 2N268
PHL 2N675
SYL 2N268

2N268A PNP AFO CTP
CBS LT5075 11

BEN 2N268A 2N639A
TS 2N979
MOT 2N375
AMP 0C28
GEM 214268
PHI. 2N675

2N269 GPNPA S RCA 2N269
GT GT269
TS 2N404
TR 214269
MOT 2N404
AMP 0C47
PYE V8/8RC
PHL 214598

GE 2N404

214270 GPNPA AF RCA 2N270
IND 2N631
BEN 2N1008A
TS 2N383
MOT 2N1193
AMP 0074
GEM 2N270
W 2N59
PHL 2141124
GE 2N321
SYL 214270

2N271 GPNPA S RAY 2N271
RCA 2N404
IND 214486
TS 214416
AMP 0C44
GEM 214411

PHL 2N393
SYL 2N411

2N271A GPNPA S RAY 2N271A
RCA 2N404
IND 2N484
TS 2N416
GEM 2N139
PHI. 2N393
SYL 2N139

2N272 GPNPA RAY 214272
GT GT75
BEN 2N1008
PHL 2N1128
GE 2N323

2N273 GPNPA AF RAY 214279
RCA 2N109
IND 2N361
BEN 2N1008
PHI. 2N226
GE 2N1098

2N274 GPNPD RF RCA 2N274
GT 2N606
AMP :2N1516
PYE V15/20R
PHL 2N504

2N277 GPNPA AFO DEL 2N277
BEN 2N10316
TS 214277
MOT 214628
GEM 2N677A
PHL 214386
SYL 2N278
CTP CTP1508

2N278. GPNPA AFO DEL 2N278
BEN
TS 2N278
MOT
GEM
PHL
SYL 2N278
CTP

2M10316

214628
214677
2N386

CTP1506

2N279 GPNPA AF AMP 214279
RCA 2N217
IND TR320
GT GT214
TS 2N64
MOT 2N1191
GEM 21434

W 214402
PYE V10/30A
PHL 2N223
GE 2N319

2N280 GPNPA AF AMP 2N280
RCA 2N215
IND 2141352
GT GT20
TS 21464

MOT 2N1191
GEM 21434
W 2N403
PYS 1/10/50.4.
PHI. 214207
GE 21,1320

214281 GPNPA AF AMP 2N281
RCA 2N217
GT GT81
MOT 2N651
GEM 2N241A
W 2N403
PHL 214224.
GE 214321

2N282 GPNPA AF AMP 2N282
GT GT109
GEM 2N241A
PHL 214225
GE 2N321

14

14

3

2N283 GPNPA AF AMP 214283
RCA 2N215
GT 214563 -

TS 2N64 3

MOT 2141191
PYE V10/50A
PHI, 2N1124
GE 214320

214284 GPNPA AF AMP 2N284
IND TR722
GT GT87
TS 214381 1

PYE V6/211C
PHI. 2141124
GE 2141056

2N284A GPNPA AF AMP 214284A
PYE V6/2R
PHI. 2N674
GE 2/41056
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specify with
assurance
when you
specify

INDUSIO
pnp alloy junction germanium COMPUTER transistors

to MIL -T -19500A

 Medium to high speed
switching

 Medium gain
Tight parameters
 Very linear current amplifi

cation factor

TYPE VCER
RBE=5K

volts

fab
typ

mc

hFE
typ

lc= -1 ma
VcE=-0.25V

hFE
typ

1B-= -10 ma
VcE=-0.35V

Rsat (typ)
IB=-10 ma

Ic=-100 to -200 ma
ohms

2N425 -30 4 30 20 2.2
2N426 -25 6 40 25 2.2
2N427 -20 11 55 25 1.3
2N428 -15 17 80 35 1.1

 Medium gain, fast switching
 High reliability at maximum

ratings
 Tight parameters
 Low leakage current at high

temperatures

TYPE VCER
RBE=1K

volts

fab
typ

MC

hFE
typ

lc-- 10 ma
VcE = -1V

ICB0
max

VCBC= -20V
pa

IEBO
max

VEB0---:- 10V
pa

VcESat
typ

lc= -10 ma
volts @ 113

2N1284 -20 8 90
_

-6 -6
-
-1.5 -.5 ma

Floating base replacement for 2N123

 General purpose HF switching
 Low leakage current at high

tern peratu res
 Tight parameters
 High reliability at maximum

ratings

TYPE VCEX fab hfe ICB0 IEBO Cob
VBE= 0.1V typ typ max max typ

VCB0-- 12V VEB0- -12V
volts mc - pa pa ILO

2N413 -25 2.5 30 -5 -5 12
2N414 -20 7 60 -5 -5 12
2N414B -24* 7 60 -6 @ -20V -5 12
2N416 -15 10 80 -5 -5 12
2N417 -12 20 140 -5 -5 12

*VBE 0.2V

 High gain
 HF fast switching
 Low leakage current at high

temperatures
 High reliability at maximum

ratings

TYPE VCER
VBE= 0.25V

volts

fab
typ

mc

hFE
typ

Ic=-20 ma
VcE= -1V

ICB0
max

VcB0=- 15V
pa

IEBO
max

VEBo= -5V
pa

VBE
max

lc -=-20 ma
VcE=-1V

2N1344 -15 12 90 -10 -10 -.6V

 Medium to high gain
 HF switching
 Low leakage current at high

temperatures
 Tight parameters
 Very linear current amplifi-

cation factor

TYPE VCER fab hFE FIFE VcEsat
RBE=1K typ typ

Ic=-10 ma
min

Ic=-200 ma
typ

lc= -50 ma
volts MC VcE= -1V VCE= -0.35V volts @ IB

2N1353
--16 3.5 70

- - -_ -
10 -0.1 -5 ma '

2N1354 -20 4.5 70 10 -0.1 -5 ma
2N1355 -25 8 80 15 -0.08 -3.3 ma
2N1357 -20 12 85 20 -0.07 -2.5 ma

_NDUS

Floating base replacement for 2N394, 2N395, 2N396, 2N397

 Special selection to customer parameters  100% test to all parameters For critical
military and industrial applications  JEDEC 30 (T0-5 case) packaged for automatic assembly

TRANSISTOR CORPORATION
35-10 36th Avenue, Long Island City 6, N. Y.  EXeter 2-8000

IN CANADA: Canadian General Electric Co. Ltd.
EXPORT SALES: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N. Y.
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MFR. NEAREST MFR. NEAREST MFR. NEAREST

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.

2N285 GPNPA AFO BEN 2N285 2N307A GPNPA AFO SYL 2N307A 214320 GPNP RF GE 214320

RCA 2N301 RCA 2N3015 RCA 214270

TS 2N242 12 CBS 2N256A 11 IND T R320

MOT 2N669 BEN 2N307A GT GT81

AMP 0C28 T9 2N307A TS 214362

GEM 2N285A MOT 2N350A MOT 2141191

PHL 2N386 GEM 2N307A AMP 0074

CTP CTP1117 PYE V30/30P GEM 214270

PHL 2N386 21460

2N285A GPNPA AFO BEN 2N285A CTP 2N257 NUC N PC 122

RCA 2N301 PHL 2N1125

TS 2N242 2N308 GPNPG IF TI ' 2N308 SYL 2N270

MOT 2N669 RCA 2N373

AMP OC 28 DID 211417 2N321 GPNP RF GE 2N321 17

GEM 2N285A GT 2N606 RCA 2N270

PHL 2N386 AMP 0C45 IND TR321

SYL 2N285A GEM 2N247 GT GT81

CTP CTP1117 PYE V15/20R TS 2N383

PHL 2N386 MOT 2N1193

2N290 GPNPA AFO DEL 2N290 SYL 214247 AMP 0074

BEN 2N103IB6 GEM 214321

MOT 2N630 2N309 GPNPG IF TI 2N309 W 2N59

PHL 214387 RCA 2N373 NUC NPC123

IND 2N417 PHL 2/41125

2N291 GPNPA AFO TI 214291 GT 2N606 SYL 214321

IND 2N363 AMP 0C45

GT GT81 GEM 2N247 214322 GPNP RF GE 2N322 17

BEN 2N1176A PYE V15/20R RCA 2N406

TS 2N382 PHL 2N588 1140 TR322

MCT 2N1192 SYL 2N247 GT GT20

AMP 0074 BEN 2141008

GEM 2N270 214310 GPNPG IF TI 2N310 TS 2N381

W 2N59 RCA 2N373 MOT 2N1191

PHL 2141129 IND 214465 AMP 2N281

GE 2N188A GT 2N606 GEM 2N406

SYL 2N270 AMP 0C44 W 214403

GEM 2N247 PYE V10/50AC

214292 GNPN IF GE 214292 7 PYE V15/20R PHL 2N1128

GT GT948R PHL 2N504 SYL 2N406

AMP 0C45 SYL 2N247

GEM 2N292 2N323 GPNP RF GE 2N323 17

SYL 2N216 2N3I1 GPNPA S MOT RCA 214270

RCA 2N404 IND T R323

2N293 GNPN IF GE 2N293 7 GT 2N311 GT GT81

GT GT792R BEN 2N1176 TS 2/4382 1

AMP 0C44 TR 2N311 2N404 MOT 2NI192

GEM 2N216 AMP 0C47 AMP 0074

SYL 214216 GEM 2N404 GEM 2N270

PHL 2N536 W 214403

211296 GPNPA AFO SYL 2N296 GE 2N123 PHL 2N1129

RCA 2N301A
SYL 2N270

CBS 2N157 11 2N312 GNPNA S MOT

BEN 2N639A RCA 2N585 2N324 GPNP RF GE 2N324 17

TS 2N459 12 GT 2N312 RCA 214407

MOT 2N975 CBS 214312 IND TR324

AMP 0C28 AMP OC 140 TS 2N383

GEM 2N296 GEM 2N312 MOT 2N1192

PYE V60/30P GE 2N167 AMP 0074

PHL 2N386 SYL 2N312 GEM 214270

CTP 2N268A
W 21461

2N3134 GNPNA AF GE 214292 7 PHL 2N1129

214297 PNP AFO CTP 2N297 GT GT948R

CBS 2N297 11 AMP 0C45 2N325 GPNPA AFO SYL 2N325

BEN 2N297 GEM 2N292 RCA 2N301

TS 2N979 12
CBS 2141291 11

MOT 2N297A 2N3144 GNPNA AF GE 2N293 7 BEN 2N235A

AMP 0C28 GT GT792R TS 214242

GEM 214296 AMP 2N1516 MOT 2N350A

PHL 214386 GEM 2N292 AMP 0C26
GEM 214325

2N297A GPNP GP, P CTP 2N297A 12 2N315 GPNPA S GT 2N315 PYE V30/30P

RCA 2N457 RCA 2N578 PHL 2N386

CBS 2N297A 11 IND 2N315 214426

BEN 2N297A TS 214426 2N326 GNPNA AFO SYL 214326

TS 214379 12 TR 214315 RCA 214301

MOT 2N297A AMP 0C47 CBS 2N326 11

PHL 2N386 GEM 2N404 AMP 0C26

PYE V10/13C GEM 2N326

2N299 GPNPS RF PHL 2N299 16 PHL 214597

GE 2N396 2N327 PNP AFO RAY 2N327

2N300 GPNPS RF PHL 2N300 16 SYL 2N404 FCH 2N1131

AMP 2111517
PYE V60/20IP

2N315A PNP S IND 2N315A PHL 2N495

2N301 GPNPA AFO RCA 2N301 TS 2N426

CBS 2N301 11 2N327A SPNPA A F, S RAY 2N327A

BEN 2N301 2N235A 2N316 GPNPA S GT 2N316 SRC 2N327A

TS 2N242 RCA 214579 HU 2N12327

MOT 2N176 IND 2N316 2N427 NOC 2N327A 1

AMP 0C29 TS 2N427 CRI 2N327A

GEM 2N301 TR 2N316 PYE V60/20IP

PHL 2N386 AMP 0C47 PHL 214495

SYL 2N301 GEM 2N404

CTP 2N301 2N257 PYE V10/10 2N328 SPNP S RAY 214328

PHL 2N598 PHL 214495

2N301A GPNPA AFO RCA 2N301A GE 2N397

CBS 2N301A 11 SYL 214404 2N328A SPNPA A F, S RAY 2N328A

BEN 2N301A 2N638A
SRC 2N328A

TS 2N242 .12 2N316A PNP 9 IND 2N316A HU 2N12337

MOT 2N375 TS 2N427 FCH 2N1131

AMP 0C28 NSC 2N328A 1

GEM 2N301A 214317 PNP S GT 2N317 CRI 2N328A

PHL 2N386 RCA 214582 PHL 2N495

SYL 2N301A IND 214317 2N428

CTP 2N301A 2N268A TS 2N428 211329 SPNP S RAY 214329

TR 2N317 PHL 2N495

214302 GPNPA S RAY 2N302 AMP 0C47

RCA 214269 GEM 2N404 2N329A SPNPA A F, S RAY 2N929A

GT GT269 PHL 2/1599 SRC 2N329A

TR 2N302 SYL 211404 NBC 2N929A 1

AMP 0C47 CRI 2N329A 8

PHL 2N598 2N317A PNP S IND 2N317A PHL 214495

GE 2N186A TS 2N428
211330 PNP RAY 2N330

2N203 GPNPA S RAY 2N303 214318 PNP PH GT 2N316 PHL 2N495

RCA 2N269
GT GT269 2N319 GPNP RF GE 2N319 2N330A SPNPA 0 RAY 2N330A

AMP 0C47 RCA 2N270 SRC 2N330A

PHL 2N596 IND TR319 PHL 214495

GE 2N188A GT GT81
BEN 2N1006A 2N331 GPNPA AF RCA 2N331

2N306 NPN AF SYL 2N306 TS 211381 IND 2N331 1

GT GT35 MOT 2NI191 GT 2N565

CBS 2N306 AMP 0074 BEN 2N331

GEM 2N306 GEM 214270 TO .. 214382

GE 2N292 W 2N61 MOT 2N331

NUC NPC 122 AMP 0074

2N307 PNP AFO SYL 2N307 PHL 2N1125 GEM 2N270

RCA 2N3015 SYL 214270 PHL 2/4224

CBS 2N256A 11 GE 2N188A

BEN 2N307
TS 2N307 12

MOT 2N350A
AMP 0C26
GEM
PYE

2N307
vso/2oIP
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TI 1
Crystals are grown by a

modified Czochralski technique.

Let KNAPIC
grow your
SILICON

CRYSTALS
for you!

SILICON AND GERMANIUM MONOCRYSTALS
For Semiconductor,

Solar Cell and
Infrared Devices

Dislocation density, Knapic silicon mono -
crystals: Crystal diameters to 3/8"- None;
3/8" to 3/4"-- less than 10 per sq. cm.; 3/4" to
11/4"- less than 100 per sq. cm.; 11/2" to 2"
- less than 1000 per sq. cm.

Major manufacturers of semiconductor devices have found that Knapic
Electro-Physics, Inc. can provide production quantities of highest quality sili-
con and germanium monocrystals far quicker, more economically, and to
much tighter specifications than they can produce themselves. Knapic Electro-
Physics has specialized in the custom growing of silicon and germanium
monocrystals. We have extensive experience in the growing of new materials
to specification. Why not let us grow your crystals too?

Knapic monocrystalline silicon and germanium is available in evaluation
and production quantities in all five of the following general grade categories
-Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier.

Check these advantages . . .

Extremely low dislocation densities.

Tight horizontal and vertical resistivity tolerances.

Diameters from 1/4" to 2". Wt. to 250 grams per crystal. Individual crystal lengths to 10".
Low Oxygen content 1 x 10" per cc., 1 x 1016 for special Knapic small diameter material.

Doping subject to customer specification, usually boron for P type, phosphorous for N type.
Lifetimes: 1 to 15 ohm cm.-over 50 microseconds; 15 to 100 ohm cm.-over 100 microseconds;
100 to 1000 ohm cm.-over 300 microseconds. Special Knapic small diameter material over 1000
microseconds. Specification Sheets Available.

TUNNEL (ESAKI) DIODE MATERIALS
RECOMMENDED SPECIFICATIONS

Material Phosphorous Concentration
x 1019 cm -3

Specific Resitivity
in ohm cm

Electron Mobility
cm' volt sec-'

SILICON 6.8 .00105 85
SILICON 11.0 .00078 81
SILICON 16.0 .00065 78
GERMANIUM 1.6 .00091 426
GERMANIUM 3.4 .00067 268

. . . Also manufacturer of large diameter silicon and
germanium lenses and cut domes for infrared use

Knapic Electro -Physics, Inc.
936-938 Industrial Avenue, Palo Alto, California Phone: DAvenport 1-5544
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MFR. NEAREST MFR. NEAREST MFR. NEAREST

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.

2N332 SNPNG GP TI 214332 2N351A GPNPA AFO MOT 2N351A 2N369 GPNP GP TI 2N369

TR 2N332 2N472 TS 2N242 RCA 2N215

GEM 2N332 GT GT81

PHI. 2141267 2N352 GPNP AFO P111. 2N352 BEN 2N1176A

GE 2N332 17 RCA 2N3015 TS 2N383

BOG 2N332 CBS 214301 11 MOT 2N1192

BEN 2N235A AMP 214280

2N332A SNPN RF,S GE 2N332A 17 TS 214242 12 GEM 2N109

PHL 2N1267 MOT 2N351A 2N403

AMP OC 27 PHL 2N1130

2N333 SNPNG GP TI 2N333 GEM 2N242 GE 214190

TR 2N333 2N475 SYL 2N242 SYL 2N109

GEM 2N333 CTP CTP1117
PHL 2N1268 214370 GPNPD RF RCA 214370

GE .214333 17 2N353 GPNP AFO PHL 214353 GT 214608

BOG 214333 RCA 2N3015 AMP 2141516.

CBS LT5099 11 GEM 214370

2N333A SNPN RF,S GE 2N333A 17 BEN 2N236A PYE V15/20R

PHI. 2N1268 TS 2N242 12 PHL 214586

MOT 2N376 SYL 214370

2N334 SNPNG GP TI 2N334 AMP 0C27
TR 2N334 2N475 GEM 214242 214371 GPNPD OSC RCA 2N371

GEM 214334 SYL 2N242 GT 2N608

PHI. 2141268 CTP CTP1117 AMP 2141516

GE 214334 17 GEM 214371 '

BOG 2N334 2N354 SPNP AF PHL 214354 PYE V15/20R
PHL 2N499

2N334A SNPN RF,S GE 2N334A 17 2N355 SPNP AF PHL 2N355 SYL 214371

PHL 2N1268
2N356 GNPNA S GT 2N356 25372 GPNPD M RCA 2N372

2N335 SNPNG GP TI 214335 RCA 2N356 AMP 0C140

TR 2N335 214480 CBS 214356 11 GEM 2N372

GEM 214335 AMP 0C139 PYE V15/2011

PHI. 2141269 GEM 214356 PHL 25588

GE 214335 17 GE 25634 SYL 214372

BOG 2N335 SYL 2N356
HU 2N356 214373 GPNPD IP RCA 214373

2N335A SNPN RF,S GE 2N335A 17 AMP 2141515

PHL 2N1269 2N356A GNPNA S GT 2N356A GEM 2/1373

CBS 2N356A 11 PYE V15/20R

2N335B SNPN RF,S GE 2N335B 17 PHL 214588

2N357 GNPNA S GT 2N357 SYL 2N373

2N336 SNPNG GP TI 2N336 RCA 2N357
TR 2N336 214543 CBS 214357 11 274774 GPNPD CNV RCA 214374

GEM 2N336 AMP OC140 AMP 2141515

PHL 2141269 GEM 2N357 GEM 2N374

GE 2N336 17 PYE V10/1SC PYE V15/20R

BOG 2N336 GE 221634 PHL 2N588

SYL 2N357 BYE. 214374

2N336A SNPN RF,S GE 2N336A 17 HU 214357
PHL 2N1269 214375 GPNPA P MOT 214375

2N357A NPN S GT 2N357A RCA 75561

214337 SNPNA S TI 214337 CBS 2N357A 11 CBS LT5108 11

GEM 2N337 BEN 2N639B

PHL 2N1199 2N358 GNPNA S GT 214358 TS 214459 12

GE 2N337 17 RCA 25358 GEM 2N296

TR 214337 CBS 214358 11 PHL 2E387

AMP OC 141

2N338 SNPNA S TI 214338 GEM 214358 214376 GPNPA AFO MOT 214376

GEM 2N338 GE 214635 RCA 2N376

PHL 2N1199 SYL 2N358 CBS 11

GE 214338 17 kU 2N358 BEN
.2N236B
2N236B

TR 2N338 TS 214242

2N358A GNPN S GT 2N358A GEM 2N236B

2N339 SNPNG AFO TI 2N339 CBS 2N358A 11 PHL 214386

FCH 214696 CTP CTP1117

TR 2N339 214359 GPNPA AF RAY 2N359
IND 2N359 214631 1 211376A BEN 2N236B

2N340 SNPNG AFO TI 2N340 GT GT109 TS 211242

TR 2N340 MOT 2N652
AMP 0072 214377 GNPNA S SYL 25377.

2N341 SNPNG AFO TI 214341 W 21459 RCA 25357

FCH 2N698 GT 214357

TR 214341 2N360 GPNPA AF RAY 2N360 CBS
2N

1

IND 2N360 2N632 1 AMP 0C317470

214342 SNPNG AFO TI 214342 GT GT109 GEM 214377

FCH 2N696 MOT 214652 GE 214634

TR 214342 AMP
7 22N60W 25378 GPNPA P TS 214378 12

2N342A SNPN AFO TI 2N342A RCA 214581

TR 2N342A 2N361 GPNPA AF RAY 214361 CBS 214301 11

IND 214361 2N633 BEN 25639

2N343 SNPNA AFO TI 2N343 GT GT109 MOT 214176

TR 2N343 MOT 214651 GEM 2N242

AMP 0072 PILL 214386

2N344 GPNPS HF PHL 2N344 W 2N61 SYL 214242

RCA 2N274 CTP 214257

GT 214607 214362 GPNPA AF RAY 214362
SPR 2N3447 IND 214362 1 214379 GPNPA P TS 214379 12

PYE V15/20R GT GT81 RCA 2N561

TS 214283 1 CBS 2N297A 11

214345 GPNPS HF PHI. 2N345 MOT 2141193 BEN 214638

RCA 2N274 W 214403 MOT 214375

GT 2N608 GEM 214296

SPR 2N3457 214363 GPNPA AF RAY 2N363 PHL 214387

PYE V15/20R IND 214363 CTP 2N268A

GT GT81
2N346 GPNPS HF PHL 2N346 TS 214382 1 21080 GPNPA P TS 214380 12

RCA 214384 MOT 2N1192 RCA 25561

GT 2N608 AMP OC70 CBS 2N297A 11

SPR 2N3467 W 214403 BEN 214637
MOT 2N1359

2N347 SNPNA AFO BOG 2N347 214364 GNPN GP TI 214364 AMP 0C28

GT 214444 GEM 214296

2N348 SNPNA AFO BOG 2N348 PHL 214388

2N365 GNPN GP TI 2N365 CTP 2N268A

2N348A BOG 2N348A GT 214445
214381 GPNPA AP TS 21081 1

2N349 SNPNA AFO BOG 214349 214366 GNPN GP TI 2N366 RCA 214270

GT 2N446 IND 214381 TR722 1

2N350 GPNPA AFO MOT 214350 BEN 2N1008A

RCA 214301 2N367 GNPN GP TI 214367 AMP 0074
CBS 2N236A 11 RCA 2N406 GEM 211381

BEN 2N235A IND TR34 W 2N61

TS 2N242 12 GT GT34 PHL 2141128

AMP 0C26 BEN 2N1176A GE 221320

GEM 214350 TS 2N381 SYL 214381

PHL 2N386 MOT 2N1191
CTP CTP1117 AMP 214279 270382 GPNPA AF TS 211382 1

SYL 2N350 W 2N612 RCA 2N270

PHL 214226 IND 25382 214363 1

2N350A GPNPA AFO MOT 2N350A GE 214189 BEN 2N1008A

TS 214242 AMP 0074

214368 GPNP GP TI 214368 GEM 214382

2N351 GPNPA AFO MOT 2.21351 RCA 214213 W 21460

RCA 2143515 IND TR722 PHL 2141128

CBS 2N236A 11 GT GT20 GE 2N321

BEN 2N236A BEN 2N1176A SYL 214383

TS 2N242 12 TS 214382 1
AMP OC 27 MOT 2141191
GEM 2N351 AMP 2N279
PRI. 214386 GEM 214109
SYL
CTP

221351
CTP1117

W 214403
2141130

195
GE 2N189
SYL 214109



Faster switching speeds
combined with low satu-
ration resistance make
Motorola 2N627-30 power
transistors ideal for indus-
trial power -switching appli-
cations. Their low power
loss results in greater cir-
cuit efficiency especially
for applications operating
above 400 cps. In addition,
these 10 amp power tran-
sistors offer: High voltage
breakdown . . . flat gain vs
current curve . . . and low
1(-,). Their high reliability
is proven in more than 20
million hours of life -test
data.

Motorola 2N627-30 power
transistors are IMMEDI-
ATELY AVAILABLE, in
engineering quantities, from
your nearest Motorola
Semiconductor Distributor,
who also carries a full line
of Motorola mounting hard-
ware. Call him, today!

FOR MILITARY APPLI-
CATIONS... Motorola of-
fers the 2N1120, a 10 amp
power transistor designed
to meet MIL -T -19500A/68
(Sig. Corps) specifications.
These units are available, in
quantity, through your Mo-
torola Semiconductor dis-
trict office.

20

16

1

POWER LOSS vs FREQJENCY
IN TYPICAL SWITCHING OPERATION

actual size

OTHER POWER
.

TRANSISTORS - -

I -

MOTOROLA 24627-30
POWER TRANS STOPS

2000 4000 6000 8000

FREQUENCY OF SQUARE WAVE (CYCLES)

t
HIGH FREQUENCY POWER LOSS

pt

HOW TO DETERMINE

AVERAGE POWER LOSS

= 2W.) (ti ti)'wiltating

I. Vet T )
2
- - "on" lossT (

leoV. T )
T 2

t, "off" loss

Where I. is maximum collector current.
V. is maximum collector voltage.
V,., is minimum collector voltage.
1,0 is collector cutoff current.
T is period of square wave.
t, is rise time.
t, is fall time.

NOTE: In push pull converter operations,
wave shapes are generally sym-
metrical because of feedback, and
"storage" time can be considered as
part of the "on" time.

FOR MORE

EFFICIENT SWITCHING
Less power loss ... improved circuit performance

DESIGN CHARACTERISTICS at 25° ± 3°C

2N627 2N628 2N629 2N630 2N1120 Units

BVeno max 40 60 80 100 80 volts

BVess max 30 45 60 75 70 volts

e max 10 10 10 10 15 amps

T1 max 100 100 100 100 100 °C

Wi.:(,,r) max(Ic=10A,1a.lA) 1.0 1.0 1.0 1.0 1.0 Vdc

he ( ty pical) 8 8 8 8 8 Kc

SWITCHING TIME (based upon average of a typical production lot) @ 10A

rise time

fall time

storage time

Total switching time

4.1

13.2

2.5

19.8

asec

p.SeC

tiSeC

Asec

FOR COMPLETE TECHNICAL INFOR-
MATION, APPLICATIONS ASSISTANCE
AND PRICE INFORMATION contact
your Motorola Semiconductor district
office.

DISTRICT OFFICES

RIDGEFIELD, NEW IERSET
540 Bergen Boulevard
Vitiltney 57500
Iron New York WI 72980

D ETROIT 27. MICHIGAN
13131 Lyndon Avenue

B Roadway 3.7171

CHICAGO 39. ILLINOIS
5234 West 0,5e15e7 Avenue
AVenue 2.4300

MINNEAPOLIS 27, MINNESOTA
7731 6th Avenue
Liberty 52195

HOLLYWOOD 20. CALIFORNIA
1741 Iva, Arent..
Hollywood 206.1
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MFR. NEAREST MFR. NEAREST MFR. NEAREST'

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.

2N383 GPNPA AF TS 2N383 2N400 GPNPA AFO BEN 2N400

RCA 2N270 RCA 2N456 2N4 1 1 GPNPA CNV RCA 2N411

IND 2N383 2N466 CBS 2N236B 11 IND 214485

BEN 2N1008A TS 2N242 GT GT76IR

AMP 0074 MOT 2N376A TS 2N416

GEM 2N383 GEM 2N350 AMP OC44

W 21459 PYE V60/30P GEM 214411

PILL 2141128 SYL 2N350 W 2N617

GE 2N321 CTP CTPI137 PHL 2N588

SYL 2N383
GE 2N450

214401 GPNPA AFO BEN 2N400 SYL 2N4 I 1

2N384 GPNPA I IF RCA 2N384 RCA 2N456

AMP 2N1517 CBS 2N301 11 2N412 GPNPA CNV RCA 214412

GEM 2N384 TS 2N242 IND 2N485

PHL 2N502 MOT 2N350 GT GT761R

SYL 2N384 GEM 2N401 TS 2N416 1

PYE V60/30P AMP OC44

214385 GPNPA S SYL 2N385 PHL 2N386 GEM 2N412

RCA 2N357 SYL 2N401
W 214617

GT 2N357 CTP 2N257 PHL 214588

CBS 2N385
GE 214450

GEM 214385 2N402 GPNP AF W 2N402 SYL 214412

GE 2N634 RCA 2N406
IND TR722 2N413 GPNPA IF RAY 2N413

2.14386 GPNPA AFO PHL 2N386 GT GT20 RCA 2N218

RCA 2N301A BEN 2N1008A IND 2N413

CBS LT5066 11 TS 2N381 GT 2N519

BEN 2N638A MOT 2N1191 TS 214413 1

TS 214380 12 AMP 0071 PHL 2N504

MOT 2N375 NUC NPC121 GE 2N450

AMP 0C28 PHL 214229

GEM 2N296 GE 2N188A 2N413A GPNPA IF RAY 2N413A

PYE V60/30P
RCA 214218

SYL 2N296 2N403 GPNP AF W 2N403
GT GT76OR

CTP 2N268A RCA 214215 AMP 0C45

IND 214465 GEM 2N413A

2N387 GPNPA AFO PHL 2N387 GT GT81 W 214615

CBS' LT5075 11 BEN 2N1008A PHL 2N1122A

BEN 2N638B TS 2N381 12 GE 224450

TS 2N379 12 MOT 2N1191 SYL 2N413A

MOT 2N375 AMP 0074

AMP 0C29 GEM 2N139 2N414 GPNPA IF RAY 214414

CTP CTP1112 NUC NPC121 RCA 2N218

PHL 2N223 IND 2N414

2N38E GNPNA S SYL 2N388 GE 2N187A GT 214520

RCA 2N357
TS 2N414

GT 2N358 2N404 GPNPA S RCA 214404
GEM 2N414A

CBS 2N388 GT 2N404 PNL 214504

AMP 0C141 TS 1 GE 2N450

GEM 2N388 MOT 214404

GE 2N388 AMP 0C47 2N414A GPNPA IF RAY 2N414A

HU 2N388 GEM 2N404 RCA 2N218

RAY 214404
GT GT761R

2N383 SNPNG AFO TI 2N389 PYE V6/8R AMP 0C45

TR 2N389 PHL 2N598 GEM 2N414A

GE 214404 W 2N615

2N392. GPNP P DEL 2N392 12 SYL 2N404 PHL 2N504

CBS 2N297A 11 TR 2N404 GE 2N450

BEN 2N1137 HU 2N404 SYL 2N414A

MOT 2N628
PHL 2N386 2N405 GPNPA AFD RCA 2N405 2N414B PNP RF IND 2N414B

IND 2N362

2N393 GPNPA RF PHL 2N393 GT GT20 2N415 GPNPA CNV RAY 214415

SPR 2N3937 BEN 2N1008 RCA 2N374

AMP 2N1516 TS 214382 IND 2N521

MOT 2N1191 GT 2N521

2N394 GPNPA S GE 2N394 8 AMP 2N281 AMP 0C44

RCA 2N404 GEM 2N405 GEM 2N247

IND 2N1353 W 214403 PHL 2N1122A

GT 2N520 PHL 2N1128 GE 2N450

TS 2N425 GE 2141145

AMP 214284 SYL 2N405 2N415A GPNPA CNV RAY 2N415A

GEM 2N404
RCA 2N374

W 214615 2N406 GPNPA AFD RCA 2N406 IND 2N416

PHL 2N1125 IND 2N362 AMP 0C45

SYL 2N404 GT GT20 GEM 2N247

BEN 2N1008 W 214617

2N295 GPNPA S GE 2N395 8 TS 2N382 PHL 214599

RCA 2N581 MOT 2N1191 GE 2N450

IND 2N1354 AMP 2N281 SYL 2N415A

GT 2N521 GEM 2N406

TS 214426
2N403 2N416 GPNPA IF RAY 2N416

TR 2N395 PHL 2141130 RCA 2N247

AMP 0C46 GE 2N1145 IND 2N416

GEM 2N404 SYL 2N406 GT 214521

W 214615
TS 214416

PHL 2N597 214407 GPNPA AF RCA 2N406 AMP 0C44

TI 214395 IND 2N633 GEM 214247

SYL 2N404 GT GT109 W 2N617

BEN 2N1008 PHL 214599

214396 GPNPA S GE 2N396 8 TB 214383 GE 2N450

RCA 2N404 MOT 2N1192 SYL 214247

IND 2N1355 AMP 2N281

GT 2N315 GEM 2N407 2N417 GPNPA IF RAY 2N417

TS 2N426 W 2N60 RCA 214247

AMP 0C46 PHL 2N1129 IND 214417

GEM 2N404 GE 2N241A GT 2N522

W 2N617 SYL 2N407 TS 214417

PHL 214598
AMP OC44

TI 2N396 2N408 GPNPA AF RCA 2N408 PHL 214599

SYL 214404 IND 2N633 GE 214450

GT GT109

2N396A IND 2N1356 BEN 2141008 2N418 GPNPA AFO BEN 2N418

TS 2N383 1 RCA 214301

214397 GPNPA S GE 2N397 MOT 2141192 MOT 2N1363

RCA 2N582 AMP 214281 GEM 2N296

IND 2N1357 GEM 2N408

GT 2N316 W 2N60 214419 GPNPA PS BEN 214419

TS 2N427 PHL 2N1129 RCA 214561

TR 2N997 GE 2N241A CBS LT5063 11

AMP 0C47 SYL 214408 TS 2N380

GEM 2N404
MOT 2N1360

W 2N617 2N409 GPNPA IF RCA 2N409 GEM 2N419

PHL 2N599 IND 2N633 PYE V60/30P

TI 214397 GT GT76OR SYL 214419 214296

SYL 214404 TS 2N414 1

AMP 2N409 0C45 2N420 GPNPA PS BEN 2N420

2N398 GPNPA S RCA 2N398 GEM RCA 2N561

GT GT 34N W 2N615 CBS 2N301A 11

PHL 2N674 PYE V6/4RC MOT 2141360

PHL 2N344 GEM 2N420

2N399 GPNPA AFO BEN 2N399 GE 2N450 PYE V60/30NP

RCA 2N456 SYL 2N409 SYL 214420

CBS 2N301 11

TS 2N242 2N410 GPNPA IF RCA 214410 2N420A BEN 2N420A

MOT 2N351 IND 2N482

GEM 2N399 GT GT76OR 2N421 GPNPA PS BEN 214421

PYE V60/30P TS 2N414 RCA 214561

PHL 2N386 AMP OC 45

SYL 214999 GEM 214410 2N422 GPNPA AF RAY 2N422

CTP CTP1137 W 2N615 RCA 214215

PYE V 6/8RC GT GT81

PHL 214344 BEN 2N1008A

GE 2N450 TS 214461

SYL 2N410 MOT 2N1191
PHL 2N1128

GE 214320



NOW
SPERRY
QUALITY IN
SILICON

TRANSISTORS

2N..., a,,.

2N69
2N7o

See us at IRE booth 2434

6111111Y

DIVERSE APPLICATION in all areas
of high-speed switching, broad -band
video amplification and RF oscillation.
New Sperry line of mesa transistors per-
mits unsurpassed design flexibility with
unique combinations of frequency, gain,
voltage and power dissipation.

IMPROVED CONSTRUCTION means
greater reliability. More rugged short -

post design guarantees better mechan-
ical strength; concentric base -emitter
configuration provides optimum effi-
ciency. And of course, all units undergo
thorough bakeout at 300°C to insure
stability.

HIGHER POWER 2N706 provides
sophisticated logic device of even greater
value for reliable high-speed operation
in the saturated region.

For unsurpassed stability, perform-
ance, reliability and long life in silicon
mesa transistors-SPECIFY SPERRY.

ELECTRICAL CHARACTERISTICS (25°C)

Type 2N696 2N697 2N699 2N706
VCBO 60v. 60v. 120v. 25v.

hFE(Min.)
(Ic=150ma, 20 40 40 15
VCE =10V)

hfe(Min.)
(Ic=50ma,
VCE

f=20mc.*)

for 2N706:

2.0 2.5 2.5 2.0

f =100mc.

P at 25°C
case temp. 2w. 2w. 2w. lw.

SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION. SOUTH NORI,Call or write: Sperry Semiconductor, Wilson Avenue, SOUTH NORWALK, Conn.. VOlunteer 6-1641,- in NEW
3555 W. Peterson Ave., CHICAGO 45, Ill., KEystone 9-1776: 2200 East Imperial Highway. EL SEGUNDO,
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MFR. NEAREST MFR. NEAREST
MFR. NEAREST

EIA NO. TYPE PPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.

2N424 SNPNA P TI 2N424 2N445A NPN S GT 2N445A 2N467 GPNPA AF RAY 2N467

GT GT269 CBS 2N377 IND 2N467 19

TR 2N424
GT GT82

2N446 NPN S GT 2N446 BEN 2N1008A

2N425 CPNPA S RAY 2N425 RCA 2N357 MOT 2N467

RCA 2N404 CBS 2N446 AMP 0075

2ND 2N425 GE 2N634 W 2N403

GT 2N315
PHL 2N1128

TS 2N425 2N446A NPN S GT 2N446A GE 2N508

MOT 2N425 CBS 2N385

AMP 0C47 2N468 NPN P CBS 2N468

GEM 2N425 2N447 GNPNA S GT 2N447

PHI. 2N597 CBS 218447 2N469 GPNPA PH GT 2N469

GE 2N394 RCA 2N3513

SYL 2N425 GE 2N635 2N470 SNPND RF TR 2N470

TR 2N425
HU 2N425 2N447A NPN S GT 2N447A 2N47I SNPND RF TR 2N471

CBS 2N388 1

2N426 GPNPA S RAY 2N426 2N472 SNPND RF TR 2N471

RCA 2N578 2N448 GNPN IF GE 2N448 7

IND 2N426 2N472 SNPND RF TR 2N473

GT 2N315 2N449 GNPN IF GE 2N449 7

TS 2N426 2N474 SNPND RF TR 2N474

MOT 2N426 2N450 GNPNA RF GE 2N450 13

AMP 0C47 IND 2N1347 2N475 SNPND RF TR 2N475

GEM 2N426 GT 2N520

PHL 2N598 TS 2N426 214476 SNPND RF TR 2N476

GE 2N395 W 2N615

SYL 2N426 PHL 2N598 214477 SNPND RF TR 2N477

TR 2N426
HU 2N426 2N451 SNPND AFO GE 2N451 2N478 SNPND RF TR 2N478

2N427 GPNPA S RAY 2N427 2N452 SNPND S GE 2N452 2N479 SNPND RF TR 2N479

RCA 2N579
IND 2N427 2N453 SNPND AFO GE 2N453 2N480 SNPND RF TR 2N480

2N316
TS 2N427 2N454 SNPND AFO GE 2N454 2N481 GPNPA RF RAY 2N481

MOT 2N427
RCA 2N37I

AMP 0C47 2N456 GPNPA PS TI 2N456 GT GT761R

GEM 2N427 RCA 2N456 TS 2N4I3 1

PHL 2N599 CBS 2N301 MOT 2N1191

GE 2N396 BEN 2N1I36 W 2N617

SYL 2N427 MOT 2N376A PHL 2N1125

TR 2N427 GEM 2N296

HU 2N427 PHL 2N386 2N482 GPNPA IF RAY 2N482

CTP CTP1137 RCA 2N373

2N428 GPNPA S RAY 2N428
IND 2N482 19

RCA 2N580 2N457 GPNPA P RCA 2N457 GT GT76OR

IND 2N428 CBS 2N443 2 TS 2N414

GT 2N317 BEN 2N1136 W 2N614

TS 2N428 MOT 2N6I8 PHI. 2N1125

MOT 2N428 GEM 2N296

AMP 0C47 PHL 2N386 2N483 GPNPA IF RAY 218483

GEM 2N428 CTP 2N268A RCA 2N373

PHL 2N1478
IND 2N483 19

GE 2N397 2N458 GPNPA HS TI 2N458 GT GT76OR

SYL 2N428 RCA 2N561 W 2N615

TR 2N428 CBS 2N174 2 PHL 2NS98

BEN 2N1136A

2N430 SNPNA S GE 2N430 MOT 2N1363 2N484 GPNPA IF RAY 2N484

PHL 2N387 RCA 2N373

2N431 SNPNA RF GE 2N431
IND 2N484 19

2N459 GPNPA P TS 2N459 12 GT GT76OR

2N432 SNPNA RIP GE 2N432 CBS LT5117 11 TS 2N416

BEN 2N1136B W 2N615

2N433 SNPNA RF GE 2N433 PHL 2N386 PHL 2N599

CTP CTP1104

2N434 SNPNA RF GE 2N434 DEL 2N459 2N485 GPNPA IF RAY 2N485
RCA 2N374

2N438 NPN S CBS 2N438 2N460 GPNPA AF TS 2N460 1 IND ?N485 19

RAY 2N438 RCA 2N331 GT GT761R

GE 2N634 IND 2N1451 TS 2N414 1

BEN 2N1008B W 2N6I7

2N438A NPN S CBS MOT 2N650 PHL 2N598

RCA 2N356 W 2N61

GE 2N634 PHL 2N1125 2N486 GPNPA IF RAY 2N486

GE 2N319 RCA 2N374

2N439 NPN S CBS DEL 2N460 IND 2N486 19

GT 2N446 GT GT761R

GEM 2N439 2N461 GPNPA AF TS 2N461 W 2N617

RAY 2N439 RCA 2N331 PHL 2N599

GE 2N634 IND 2N1452

SYL 2N439 BEN 2N1008B 2N487 GPNPA RF RAY 2N487

MOT 2N650

2N439A NPN S CBS 2N439A AMP OC80 2N489 Diode Si UM. GE 2N489 18

RCA 2N357 W 2N60

GE 2N634 PHL 2N1125 2N490 Diode Si Unl GE 2N490 18

GE 2N320

2N440 NPN S CBS 2N440 DEL 2N461 2N491 Diode Si MAI. GE 2N491 18

GT 2N447
RAY 2N440 2N462 GPNP S PHL 2N462 2N492 Diode Si Cili. GE 2N492 18

GE 2N635 GT 2N593
2N493 Diode Si Unij. GE 2N493 18

2N440A NPN S CBS 2N440A 2N463 GPNPA PA WE 281436

RCA 2N358 CBS 2N297A 11 2N494 Diode Si Unij. GE 2N494 18

GE 2N635 MOT 2N629
PYE V60/30NP 2N495 SPNPA S PHL 2N495 2N1118

2N441 GPNPA AFO DEL
BEN

2N441
2N10316

PHI, 2N674 SRC
HU

55001
212547

TS 2N441 14 2N464 GPNPA AF RAY 2N464 FCH 2N1131

MOT 2N628 RCA 2N270

GEM 2N677 IND 2N464 19 2N496 SPNPA S PHL 2N496.

PHL 2N386 GT GT14 HU 2N12547

CTP CT P1509 BEN 2N1008B FCH 2N696

TS 2N460

2N442 GPNPA AFO DEL 2N442 MOT 2N464 2N497 S P TI 2N497

BEN 2N10316 AMP 0071 RHE 2N497

TS 2N442 14 W 2N402 FCH 2N497

MOT 2N628 NUC NPC 141 TR 2N497

GEM 2N677 PHL 2N1124

PHL 2N386 GE 2N187A 2N496 S P TI 2N498

CTP CT P1507 RHE 2N498

2N465 GPNPA AF RAY 2N465 TR 2N498

2N443 GPNPA AFO DEL 2N443 RCA 2N270

BEN 2N1031A6 IND 2N465 19 2N499 GPNPD HF PHL 2N499 16

TS 2N443 GT GT20 RCA 2N371

MOT 2N629 BEN 2N1008B SPR
7

2N499.

AMP 0C29 TS 2N461 AMP 2501517

GEM 2N677B MOT 2N465

PHL 2N386 W 2N402 2N500 GPNPD HF,OSC PHL 2N500 16

CTP CT P1505 NUC NPC152 SPR 2N500

PM. 2N1124

2N444 NPN S GT 2N444 GE 2N320 2N501 GPNPD S PHI. 2N5017 16

RCA 2N356
SPR 250501

CBS 2N444 2N466 GPNPA AF RAY 2N466

PYE V10/15A RCA
IND 2N466

2N270
19

2N501A GPNPD S PHL
SPR r811:011.7

16

2N444.4 NPN S GT
CBS

2N444A
2N377 1

GT
BEN

GT81
2N1008A 2N502 GPNPD HF PHL 2N502 5

TS 2N383 SPR 2N502

2N445 NPN S GT 2N445 MOT 2N466

RCA 2N356 GEM 2N241A 2N502A GPNPD HF PHL 2N502A 5

CBS 2N445 W
NUC

2N403
NPC 123

199
PHL 2N1130
GE 2N321



MFR. NEAREST MFR. NEAREST MFR. NEARESTEIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.
2N503

2N504

GNPND HF

GPNPD IF

PHL
SPR

PHI
RCA

2N503
2N503

2N504
2N373

2N523 GPNPA S GT 2N523
RCA
IND 2N523
PHL

2N643

2N1122A
19

2N554 GPNPA AFO MOT
RCA
CBS
BEN

2N554
2N3015
2N255A
2N234A

11
GT
SPR 2145047

2N606 2N523A PNP S IND 2N523A 19 TS
GEM 2N554

2N307 12

2N524 GPNP AF GE 214524. 8 PHL 2N386214505 GPNPA RF MOT 214505 RCA 2N586 CTP CTP1104YYE V10/121C IND 2N1446 SYL 2N554
2N506 PNP SYL 2N508

TS
PHL

2N460
2N597 2N555 GPNPA AFO MOT 2N555GEM 2N506 CBS 2N256A 11PHI. 2N1124 2/4525 GPNP AF GE 2N525 BEN 2N235AGE 2N1098 RCA 2N586 TS 2N242 12

IND 2N1447 GEM 2N235A2N507 NPN SY L 2N507 GT 2N43 PHI 2N386GEM 2N507 TS 214461 CTP 2N257
2N508 GPNP RF GE 2N508

MOT 211650
AMP 2N279 214556 GNPNA S SYL 2N556IND TR508 GEM 2N525 CBS 2N556 1TS 2N383 PHI. 2N597 GEM 2N556MOT 2N1193 SYL 2N525W 2N403 211557 GNPNA S SYL 2N556PHI. 2N1129 2N526 GP NP AF GE 211526 CBS 2N556
RCA 2N586 GEM 2145572N509 GPNPD GP WE

PHI.
2N509

2N502
IND
P HL

2N1446
2N597 2N558 GNPNA S SYL 2N558

CBS 2N558204511 GPNPA HS TI 2N511 211527 GP NP AF GE 214527 GEM 2N558CBS 2N441
2

RCA 2N586T8 2N441 14 IND 2N1449 2N559 GPNPD HF,S WE 2N559MOT 2N628 PHI 2N597 RCA 2N645
PHL 2N5012N511A PNP P TI 2N511A 2N528 GPNPA CD, S WE 2N528CBS 2N443 2. 214560 SNPND S WE 2N560MOT 2N629 214529 GP PA AF GT 2N529 FCH 2N696
PHL 2N14722N511B PNP P TI 2N511B 2N530 GPPA AF GT 2N530CBS 2N174 2 PYE V6/2RC 214561 GPNPA P RCA 2N561MOT 2N630 CBS LT5111 112N531 GPPA AF CT 2N531 BEN 2N1136A2N512 PNP P TI 214512 PYE V6/211C MOT 2N629CBS 2N277 2 PHI 2N388TS 2N443 2N532 GPPA AF GT 2/1532MOT 214628 2N563 GPNPA GP GT 2N5632N533 GPPA AF GT 2N533 20 IND 2115642N512A PNP P TI 2N512A PYE V6/4RC BEN 2N1008ACBS 2N278 2 PHL 2N533 TS 214381MOT 2N629 PHL 21411242N534 GPNPA S PHI. 2N534 20 GE 2N442N512B PNP P TI

CBS
2245128

2N1099 2
GE 2N1057

2N564 GPNPA GP GT 2N564MOT 2N630 2N535 GPNPA AF PHI. 2N535 20 IND 211564  19
BEN 2N1008A211513 PNP P TI 2N513 2N535A GPNP GP PHL 2N535A 20 TS 2N391MOT 2N1163 PYE V10/15A2N535B GPNP GP PHL 2N5358 20 PHL 21411242N514 GPNPA AF0,1173 TI 2N514
GE 2N524MOT 2N1163 2N536 GPNPA S PHI. 2N536

RCA 2N578
20

2145135 GPNPA GP GT 2N5652N514A PILL 2N386 IND 2N5662N537 GPNPD OSC WE 2N537 BEN 2N1008A2N514B PHL 2N387 T8 2N3612N538 GPNPA GP MU 2N538 PHL 2N1124214515 GNPNA RF SYL 2N515 CBS LT5130 9 GE 2N43GT GT948R BEN 2N637BCBS 2N445 MOT 2N375 2N566 GPNPA GP GT 2N566GEM 214515 PHI. 2N387 IND 2/4566 19
BEN 2N1008A2N516 GNPNA RF SYL 2N516 2N538A GPNPA GP MH 2N538A TS 2N381 1GT GT948R CBS LT5131 9 PYE vio/mAcCBS 2N445 BEN 2N637B PHI. 2/11124GEM 214516 MOT 2N375 GE 214525PHL 2N3872N517 GNPNA RF SYL 211517

2N567 GPNPA GP GT 2N567GT GT948R 2N539 GPNPA GP MH 2N539 IND 2N568CBS 211445 CBS LT5125 9 BEN 2N1008AGEM 2N517 BEN 2N637B TS 2N382
MOT 2N618 PHL 21111252N518 GPNPA S GE 2N518 PHI. 2N387 GE 2N43RCA 2N404

INC 2N416 2N539A GPNPA GP MH 2N539A 2N568 GPNPA GP GT 214568TS 2N427 CBS LT5126 9 IND 214568PHL 2N599 BEN 2N637B BEN 2N1008AMOT 2N618 TS 2N3822N519 GPNPA S GT 2N519 PHI 2N387 PYE V10/50ARCA 2N578
PHL 2141125IND 2N519 19 2N540 GPNPA GP WI 214540 GE 2N526BEN 2N1008 CBS LT5133 9TS 2N413 1 BEN 2N1136A 2N569 GPNPA GP GT 2N569MOT 2141191 MOT 2N629 IND 214570PYE V10/30A PHI 214387 TS 2N383PHL 2N1130
PHI. 2N1125GE 2N394 214540A GPNPA GP MH 2N540A . GE 2N241A

CBS LT5134 92N5 19A PNP S IND 2N5I9A 19 BEN 2N1136A 211570 GPNPA GP CT 2N570TS 214413 MOT 2N629 IND 2N570 19PHI. 2N387 TS 2N383214520 GPNPA 8 GT 214520
PHL 2N1125RCA 2N578 2N541 SNPND RF TR 2N541 GE 2N527IND 2N520

TS 2N414 2N542 SNPND RF TR 2N542 2N571 GPNPA GP GT 2N571PYE 116/21C
IND 2N572 19PHI. 2N597 214543 SNPND RF TR 2N543 PHL 2141125GE 2N394

RAY 2N426 2N544 GPNPD RF RCA 214544 2N572 GPNPA GP GT 2N572
GT 214606 IND 2115722N520A PNP S IND 2N520A 19 AMP 0C170 PHI. 2N1125TS 2N414 GEM 2N544
PYE V15/20R 214574 GPNPA GP MH 2N574214521 GPNPA S GT 2N521 PHI. 2N588 CBS 214174 2RCA 2N579 SYL 2N544

BEN 2N 1031AIND 2N521 19
TS 2N 17 3 14TS 2N416 2N545 SNPND 113 TR 2N545
MOT 2N628PYE V6/8R FCH 2N696 GEM 2N677BPHL 2N598
PHL 2N386GE 2N397 2N546 SNPND HS TR 2N546RAY 2N427

2N574A GPNPA GP MH 2N574A2N547 SNPND HS TR 2N547
CBS 2N174 2

2N521A PNP S IND 2N521A 19
BEN 2N103IBTS 2N416 I 2N548 SNPND HS TR 2N548
TS 2N174 14
MOT 2N629

2N522 GPNPA S GT 2N522 2N549 SNPND H8 TR 2N549
GEM 2N677CRCA 2N580
PHI. 2N387IND 2N522 19 2N550 SNPND HS TR 2N550TS 2N417

2N575 GPNPA GP MH 214575PYE.V6/8R 2N551 SNP ND HS TR 2N551
CBS 2N1099 2PHL 2N599
TS 2N173RAY 7N428 211552 SNPND HS TR 2N552
MOT 2N1163
GEM 2N677B

2N522A PNP S IND 2N522A 19 2N553 GPNPA HS DEL 2N553
PHL 2N386TS 2.11417 1 CBS 2N297A 11

BEN 2N639A
MOT 2N375



icrosec silicon
mesa computer diodes
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IIII High maximum average rectified forward current (75 ma)
 Low maximum capacitance (2 ma or 4 uuf at zero volts bias)
 High minimum forward conductance (10 ma at 1 v)
IN Maximum reliability (TI mesa process, TI hard -glass case)

Design NOW with industry's fastest high -voltage computer diodes

and benefit from the speed of 4-millimicrosecond switching* and the

design safety provided by 75-v NV.
INHERENRELIAsIL

RUGGEDDIFFUSED SILICON
HARD GLASS

GOLD PLATED

ZHIGH DISSIPATION
MOLYBDENUM HEAD SINK

Contact your nearest
TI sales office today for
complete specifications
on the 1N914 and 1N916
(Bulletin DL -S 1203).

ANOTHER NEW DIODE/RECTIFIER

PRODUCT FROM TI!

GENERAL PURPOSE DIODES  PHOTO DIODES
 VOLTAGE REFERENCE DIODES  COMPUTER
DIODES  VOLTAGE REGULATORS  RESISTORS
AND CAPACITORS  CONTROLLED RECTIFIERS
 HIGH -CURRENT RECTIFIERS  SPECIAL POTTED
MODULES, NETWORKS, BRIDGES & COMPLETE
CIRCUIT FUNCTIONS  ECONOMY RECTIFIERS

MEDIUM- & HIGH -VOLTAGE RECTIFIERS

TI 1N914 and TI 1N916 silicon mesa computer diodes also feature
high rectification efficiency (45% at 100 mc), ruggedness and relia-

bility through the combination of the TI mesa process and the TI
hard -glass package. Both types meet or exceed MIL -S -19500B, with-
standing acceleration of 20,000 G's, shock of 1,000 G's for 1.5 msec,
and vibration of 30 G's.

Put them to work NOW in your high-speed computer circuitry for
missiles and space vehicles. They are ready in production quantities
through your nearest TI sales office, or in 1-999 quantities off -the -

shelf at factory prices from your authorized TI distributor.

*10 -ma forward, 6-v reverse, recover to 1 -ma reverse

TEXAS

Circle 104 on Inquiry Card

INSTRUMENTS
INCORPORATED
SEMICONDUCTOR -COMPONENTS DIVISION
13500 N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 DALLAS. TEXAS



ABSOLUTE MAXIMUM RATINGS AT 25°C
Forward Current If 50 mA
Minimum Breakover Voltage Vb.) I TSW-30 30V

TSW-60 60V
Reverse Breakdown Voltage Vr TSW-30 30V

1 TSW-60 60V
Storage Temperature -65°C to 150°C
Ambient Temperature Range -55°C to +125°C

SPECIFICATIONS AND TYPICAL CHARACTERISTICS
(At 25°C Unless Otherwise Stated)

Typical Max. Test Conditions
Saturation Voltage Vs 1.0 1.5 Volts lc = 50 mA
Forward Leakage Current IF 0.1 10 AA V = 30V
Reverse Leakage Current Iq 01 10 AA Vc,-= -30V
Forward Leakage Current IF 20. 50. AA at 125°C
Reverse Leakage Current la 20. 50. AA at 125°C
Gate Voltage to Switch "ON" Vg On 0.7 1.0 Volts RL = IK
Gate Current to Switch "ON" Ig On 0.1 1.0 mA RL = IK
Gate Voltage to Switch "OFF" Vg Off 1.2 4.0 Volts 1c -= 50 mA
Gate Current to Switch "OFF" Ig Off 7.0 10. mA lc = 50 mA
Holding Current la 2.0 5.0 mA RL = 1K

SPECIALLY DESIGNED FOR:
 Miniaturized Memory Circuits

Ring Counters
Shift Registers

Controlled Rectifier Driver
Flip -Flop Equivalent

 Simplified Information Storage
0.3 m second Switching

Be sure
to visit
Transitron at
the IRE Show.
New York
Booths 1319-1322

Circle 105 on
Inquiry Card

Turn on

- 2mA
-4. -41[-

0 . 5 sec

104mA

Tra risitron
announces a NEW computer element

for: Greater Reliability. Circuit Simplicity

RAN WIT H

Turn off

Base Current

Collector Current

The TRANSWITCH is a new bistable silicon device that can
be TURNED OFF with gate current.

This PNPN latching device "remembers" its last gate
signal. High current gain, both turn -on and turn-off, leads
to greater circuit simplicity and inherent reliability. Excel-
lent linearity of electrical parameters over a wide current
range fulfills both low logic level and medium power needs.

Here is a unique device that replaces TWO transistors plus
resistors in most bistable circuits and permits increased
component density.

Furthermore, the transwitch is FAST . . . requiring only
0.3 microseconds to turn ON or oFF!

The TRANSWITCH is now available from TRANSITRON in
the popular JEDEC TO -5 package, ready to solve your
switch -on -switch -off requirements.

For further information, write for Bulletin TE-1357A

Tra n5itron
electronic corporation  wakefield, massachusetts

"Leadership in Semiconductors "SEE YOUR LOCAL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1-999.



MFR. NEAREST MFR. NEAREST MFR. NEAREST

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG1

211575A GPNPA GP MH 2N575A 214600 GPNP S PHI 2N600 21 214625 GNPNA S SYL 2N625
CBS 2141099 2 GEM 2N625
TS 214174 2N601 GNPNA S PHL 214601 21
MOT 2141164 214626 NPN AFO ARA 2N626
GEM 2N677C 2N602 GPNPD S GT 214602
PHI 214387 RCA 214643 2N627 GPNPA AFO MOT 2N627

PHL 2N504 CBS 21444I 2
2N576 GPNPA S MH 214576 GE 2N395 BEN 2N1031

RCA 2N585 TS 2N441
GEM 2N576 2N603 GPNPD S GT 214603 GEM 2N677A

2N576A GPNPA 8 MH 2N576A
RCA
PHI.

2N644
2N504 2N628 GPNPA AFO MOT 2N628

RCA 2N585 GE 214396 RCA 2N561
GEM 2N576A CBS 214443

2N604 GPNPD S GT 2N604 BEN 2N1031A
2N577 PNP PR MU 2N577 RCA 214645 TS 214443

PHI 2N504 GEM 2N677B
2N578 GPNPA S RCA 2N578 GE 2N397

IND 214578 19 214629 GPNPA AFO MOT 2N629
.GT 2N578 2N605 GPNPD GP GT 214605 RCA 2N561
PYE
PHL

V10/2S
2N598

RCA
PHL

214384
214588

CBS
BEN

2N174
2N1031B

2

GE 2N394 GE 214394 TS 2N174 14
RAY 2N658 GEM 2N677C

2N606 GPNPD GP GT 2N606
2N579 GPNPA S RCA 2N579 RCA 214384 2N630 GPNPA AFO mar

IND
GT
TS

2N579
2N579
2N579

2N317
19 PHL

GE
214504
2N395

RCA
CBS
BEN

2N1014
2141100
2N1031C

2

PYE V6/8R 2N607 GPNPD GP GT 2N607 GEM 2N677C
PHI. 2N598 RCA 2N384
GE 2N396 PHL 2N499 2N631 GPNPA AF RAY 2N631
RAY 2N659 GE 2N396 RCA 214408

IND 2N631 19
214580 GPNPA S RCA 214580 214608 GPNPD GP GT 214608 BEN 2N1176A

IND 214580 19 RCA 2N384 MOT 2N1192
GT 2N580 214317 PHL 2N499 PHI. 2N1128
TS 214580 GE 214397 GE 2N508
TR
PYE

214580 2N428
V10/1SC 214609 GPNPA AF W 214609 21459 2N632 GPNPA AF RAY 2N632

PHI. 214599 RCA 2N217 RCA 214217
GE 2N397 IND 214360 IND 2N632 19
RAY 2N660 BEN 2N1176A BEN 2N1176A

TS 214383 1 TS 214383
214581 GPNPA S RCA 214581 MOT 2N1193 MOT 2N1192

IND 214581 19 PHL 2141128 PHI 2N1130
GT
TS

2N581
2N581

214520 GE 2N241A GE 2N324

PYE V6/8R 214610 GPNPA AF W 2N610 21460 2N633 GPNPA AF RAY 2N633
PHI. 2N598 RCA 2N217 RCA 2N270
GE 214394 IND 214465 IND 214633

214582 GPNPA S RCA 2N582
BEN
TS

2N1176A
2N383

BEN
TS

2N1176A
214382

IND 2N582 19 MOT 2N1193 MOT 2N1191
GT 2N582 2N522 PHL 2N1128 PHL 2N1124
TS 2N581 GE 2N188A GE 2N323
PHL 2N1478

2N6I1 GPNPA AF W 2N611 2N61 214634 GPNP S GE 2N634 8
2N583 GPNPA S RCA 214583 RCA 214217 CBS 214634

CT 214520 IND 2N464
PYE V6/8RC BEN 2N1176A 2N635 GPNP S GE 214635 8
PHI. 2N598 TS 214382 RCA 2N1091
GE 214394 MOT 2N1192

PHL 2141128
214584 GPNPA S RCA 214584 GE 2N187A 2N636 GPNP S GE 2N636 8

GT 2N522 RCA 2N1091
PHI. 2N1478 2N612 GPNPA AF W 214612 214402 CBS 2N636 1

RCA 2N217
2N585 GPNPA S RCA 2N585 IND TR722 214637 GPNPA PS BEN 2N637

GT 214356 BEN 2N1176A RCA 2N561
CBS 2N438 TS 2N381 CBS 214301 11
AMP
GEM 214585

0C139 MOT
PHL

2141191
214223

MOT
PYE

2N1360
V60/30NP

PHI 2N598 GE 214189 PHL 2N386
GE
SYL 2N585

2N634
214613 GPNPA AF W 2146I3 214403 2N637A GPNPA PS BEN 211637A

2N586 GPNPA S RCA
BEN

214586
2N1008B

RCA
BEN
TS

214270
2N1176A
2N381

RCA
CBS
MOT

2N581
LT5099
21018

11

PHL 2141124 MOT 2N1191 PHI. 2N387

2N587 GNPNA S SYL 2N587
PHL
GE

214223
214190 2N637B GPNPA PS BEN 2N637B

CBS 2N385 RCA 2N561
GEM 214587 2N614 GPNP IF W 214614 2N410 CBS LT5108 11

2N588 GPNPD HF PHL
SPR 2N

21:7 16
RCA
TS
PYE

214373
214413
V6/2R

MOT
PHI

2141363
214387

PHL 214504 214638 GPNPA PS BEN 2N638
214589 GPNPA AFO PHL 2N589 RCA 214561

TS 214459 12 214615 GPNP IF W 2N615 2N40 CBS 214301 11
MOT 2141362 RCA 2N373 TS 214379

2N591 GPNPA AFD RCA
TS
MOT

214591
2N982
2141191

TS
PYE
PHI.

2N414
V6/4RC
2N504

MOT
PYE
PHL

2N1359
V60/15NP
214388

AMP 214281 2N616 GPNP 05C W 2N616 211412 2N638A GPNPA PS BEN 2N638A
GEM
PYE

2N591
V10/50AC

TS
PYE

2N416
V10/19C

RCA
CBS

2N561
LT5099 11

PHL
GE

2N228
2N324 2N617 GPNP. CNV W 2146I7 214412

TS
MOT

2N459
2N375

12

SYL 214591 RCA 2N374 PHI. 2N387
TS 2N414

2N592 GPNPB S GT 2N592 PYE V10/28 2N638B GPNPA PS BEN 2N638B
BEN 2N1008 PHL 2N504 RCA 2N561
PYE
PHI,

V10/30A
214I467 2N618 GPNPA AFO MOT 2N618

CBS
MOT

LT5108
2N1362

11

2N593 GPNPB S GT 2N593
RCA
CBS

214561
LT5111 11

PHL 214387

PHI. 2N1467 BEN 2N638B 2N639 GPNPA PS BEN 2N699
PHI. 214387 RCA 214561

2N593 GPNPB S GT
BEN
PHL

2N593

2N593
2141008 2N619 SNPNA S RAY 214619

CBS
TS
MOT

211301
2N379
2N1359

11

2N620 SNPNA S RAY 2N620 PHL 214386
2N594 GNPNB S GT

BEN
2N594

2N1008 2N621 SNPNA S RAY 214621 2N639A GPNPA PS BEN 2N639A

2N595 GNPNB S GT 2N595 2N622 SPNPA AF RAY 2N622
RCA
CBS

2N561
LT5063 11

214596 GNPNB S GT
GE

214596
214634

2N623 GNPND S TI
RCA

2N623
214645

TS
MOT
PYE

2N459
214385
V69/15NP

2N597 GPNPA S PNL 2N597 5
PHL 214499 PHL 2N387

RCA 2N578 2N624 GPNPD RF SYL 2N624 2N639B GPNPA PS BEN 2N639B

2N598 GPNP S PHL
RCA

214598
214579

TS
GEM
PYE

2N624
2N417

V6/8R

CBS
MOT
PHL

LT5072
2N1362
214387

11

2N599 GPNPA S PHL 214599 5
PHI. 2N11 22A

2N640 GPNPD RF RCA 2N640
RCA 2N580 PHL 2N588
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for Tung -Sol 2N1313 Computer Transistor
mean new freedom for designers

GUARANTEED DESIGN CENTER
VALUES OF ALL MAJOR PARAMETERS

GUARANTEED MIN -MAX LIMITS
FOR ALL MAJOR PARAMETERS

GUARANTEED DISTRIBUTION OF
ELECTRICAL DESIGN CHARACTERISTICS

GUARANTEED DISTRIBUTION OF
SWITCHING TIMES

GUARANTEED UNIFORMITY OF
EVERY LOT

THERMAL BOND

And there's still another. For a nominal additional
charge any specific electrical design characteristic
will be 100% guaranteed not to exceed its distribu-
tion limits. These guarantees add up to a marked
upgrade in circuit design accuracy . . . high reliabil-
ity in operation . . . and consistent repeat perform-
ance. In specifying the Tung -Sol 2N1313 high speed
switching transistor, you're selecting a transistor
which features an ideal balance of the most wanted
characteristics as revealed by a survey of computer
designers. You're also choosing a transistor which
offers improved performance at lower cost over most

of today's popular computer types.
The 2N1313 is designed to meet vigorous military

environmental standards. It features "Thermal
Bond" construction, exclusive with Tung -Sol. The
transistor junction tab is securely joined to the base
of the transistor. The bonding material provides
high heat dissipation while maintaining complete
base -to -case electrical isolation.

Tung -Sol Electric Inc., Newark 4, N. J. SALES
OFFICES: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.;
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N. J.;
Melrose Park, Ill.; Philadelphia, Pa.; Seattle, Wash.;
Montreal, Canada.

Absolute Maximum
Ratings (a 25 C)
BVcoo -30 Volts
BVEEto -20 Volts
13VcEx NE =0.1V) -20 Volts
BVcEo -15 Volts
Ic (continuous) 400mA

'B (continuous) 50mA

Ti -65°C to+100°C
Pc 180mW

Typical Characteristics ((a 25°C)

Parameter Conditions Min.
Design
Center Max. Units

low VCs= -0.5V - 1.5 2.5 µA
IC BO VCB = -15V - 2 3.5 µA
liFE 15 = 1mA, VCE = -0.25V 40 70 125
hEE VCE = -0.35V. Ic = 400mA 20 30 50
f a b VCE = -6V, Ic = lmA 6 12 - Mc
COB VCB = -6V, IE = 1mA,

f= 1Mc
9 14 20 MAit

(tr+ to) (rise
plus delay time)

151 (turn on current to
base)= 1mA

152 (turn off current)
= 1mA

Ic = 10mA
RE = 1K

- 0.45 0.70 µsec

is (storage) - 0.30 0.60 µsec

ti (fall) - 0.25 0.40 µsec

204 Circle 106 on Inquiry Card ELECTRONIC INDUSTRIES March 1960



MFR. NEAREST MFR. NEAREST MFR. NEAREST

EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TY PE FIG.

2N641 GPNPD IF RCA 217641 2N678 GPNPA AFO BEN 2N678 2N1016B SNPN Al,P W

PHL 2N588 CBS 2N277 2

BEN 2N10326 2N1208B

217642 GPNPD CN V RCA 217642 MOT 2N1162

PHL 2N588 2N1016C SNPN Al.? W

2N678A GPNPA AFO BEN 2N678A

2N643 GPNPD S RCA 217643 CBS 2N277 2 TR 2N1208C

PHL 2N504 BEN 2N1032A6
MOT 2171162 2N1017 GPNPA S RAY 2N1017

211644 GPNPD S RCA 2N644
RCA 2N582

PHL 217240 2N678B GPNPA AFO BEN 2N678B IND 2N1017

CBS 217173 PHL 2N599

217645 GPNPD S RCA 2N645 5 BEN 2N1032136 2

PHL 2N501 MOT 2N1164 2N1018 GPNPA S RAY 2N1018

217646 FCH 2N696 2N678C GPNPA AFO BEN 2N678C 2171021 GPNPA P TI 2171021

CBS 2N1099 2 RCA 2111014

2N647 GNPNA AF RCA 2N647 BEN 2N1032C6 CBS LT5123 11

MOT 2N1186 BEN 2N1136B

2N649 CNPN AF RCA 2N649 22
MOT 2N1363

PYE V10/50AC 2N679 GNPNA S SYL 2N679 PHL 217387

CBS 2N385

2N650 GPNPA AF MOT 2N650 GEM 2N679 2171022 GPNPA P TI 2171022

IND TR650
RCA 2N1014

TS 2N460 2N680 GPNP AFO TI 217680 CBS LT5123 11

PHL 2N1124 MOT 2N1191 BEN 2N1136B

PHL 2N1129 MOT 2171365

211651 GPNPA AF MOT 2N651
PHL 217387

TS 2N461 2N694 GPNPD IF WE 217694

PHL 2N1124 2N1023 GPNPD RF RCA 2N1023

2N695 GPNPD S MOT 2N695 PHL 2N504

2N652 GPNPA AF MOT 2N652 PHL 217501 2N1024 SPNPA S SRC 2N1024

PHL 2N1124
HU 2N1228

217696 SNPND AFO,S FCH 2N896

217653 GPNPA AF MOT 2N653 IND 2N696 2N1025 SPNPA S SRC 2171025

IND TR653 RHE 2N696 HU 2111230

TS 2N392 TI 2N696

PHL 2N1130 HE 2N6967 2N1026 SPNPA S SRC 2171026

PSI 2N696 HU 2171230

2N654 GPNPA AF MOT 2N654
TS 2N383 214697 SNPND AFO,S FCH 2N697 2N1027

519

SPNPA S SRC 2N1027

PHL 2111130 IND 2N697
RHE 2N897 2171028 SPNPA S SRC 2171028

217655 GPNPA AF MOT 2N655 TI 2N697

PHL 2171130 HE 2116977 2141029 PNP P BEN 2N1029

PSI 2N897 CBS 2N441 2

2N656 5NPND P TI 2N656
TS 2N278

RHE 2N656 2N698 FCH 2N698 MOT 2171163

TR 2N656
217699 NPN S FCH 217699 2N1029A PNP P BEN 2N1029A

217657 SNPND P TI 2N656 IND 2N699 19 CBS 211441 2

RHE 2N657
TS 217173 14

TR 2N657 2N700 GPNPD HF MOT 2N700 MOT 2N1163

PHL 2N502

2N658 GPNPA S RAY 2N658
2N1029B GPNPA Al, P BEN 2N1029B 11

PHL 2N598 2N702 S TI 217702 CBS 2N174 2

GE 2N394 IND 2N702 24 MOT 2N1165

TR 211702

217659 GPNPA S RAY 2N659 FCH 2N706 2N1029C GPNPA AF, P BEN 2N1029C 11

RCA 2N578
CBS 217174 2

PHL 2N599 231703 S S TI 217703 MOT 2N1167

GE 2N396
23/705 GPNP S TI 211705 2N1030 GPNPA AF,P BEN 2N1030 11

2N660 GPNPA S RAY 2N660 PHL 217503 CBS 2N277 2

RCA 211643
MOT 2N1163

PHL 2N1478 2N7116 SNPND S FCH 2N706 24

GE 2N397 IND 2N706 24 2N1030A GPNPA AF, P BEN 2N1030A

PHI, 2N1199 CBS 2N277

2N681 GPNPA S RAY 2N661.
MOT 2N1163

RCA 217643 2N710 GPNP S TI 217710

PHL 2141479 PHL 2N1204 2N1030B GPNPA AF,P BEN 2N1030B
CBS 217173 2

2N662 GPNPA S RAY 2N662 217715 5 HF TI 217715 MOT 2N1165

RCA 2N579
PHL 2N598 2177I6 S HF TI 217716 2N1030C GPNPA AF, P BEN 2N1030C

GE 2N396
CBS 2171099

2N1000 GNPNA S GT 2171000 MOT 2N1167

2N665 GPNP P DEL 217665 12 CBS 2N1000

CBS LT5066 11 2N1031 GPNPA AF,P BEN 2111031 11

BEN 211639B 2171007 PNP P BEN 2N1007 CBS 2N441 2

PHL 2N397 CBS 2N236A 11 TS 217278 14

MOT 2171163

2N669 GPNP AFO MOT 214669 2N1008 GPNPA AF BEN 2171008 PHL 2N356

CBS 2N301 11 MOT 2171192

TS 2N242 12 PHL 2171125 2N1031A GPNPA AF, P BEN 2N1031A
CBS 211441

2N670 GPNPA S PHL 2N670 5 2N1008A GPNPA Al BEN 2N1008A TS 217173

BEN 2N285A MOT 2N631 MOT 2N1163

PYE V60/20IP PHL 2N1125 PHI, 217386

2N671 GPNPA S PHL 2N871 23 2N1008B GPNPA AF BEN 2N1008B 2N1031B GPNPA AF, P BEN 2N1031B

BEN 2N285A MOT 217651 CBS 217441

PHL 2171125 MOT 2N1165

211672 GPNPA S PHL 2N672
52 PHL 211387

BEN 2N10316 2141009 PHI. 2N1129
2N1031C GPNPA AF,P BEN 2N1031C

2N673 GPNPA PHL 2N673 23 2N1010 GNPNA AF RCA 2N1010 CBS 2N441
MOT 2N1167

2N674 GPNPA S PHL 2N674 2N1011 GPNPA AFO BEN 2N1011 PHL 2N387

PYE V60/20IP MOT 2N1011
2111032 GPNPA AF,P BEN 2171032 11

2N675 GPNPA S PHL 2N675 2N1012 NPN S GT 2171012 CBS 217277 2

PYE V60/20IP CBS 2N1012 MOT 2N1163
PHI. 2N386

2N677 GPNPA AFO BEN 2N677 2171013 PYE V60/20IP

CBS 2N4412N10316 2 PHI, 214675 2N1032A GPNPA AF,P BEN 2N1032A

BEN
CBS 217173

TS 2N278 14 2N1014 GPNPA AFO RCA 2171014 MOT 2141163

MOT 2N11.62 CBS LT5120 11 PHL 2N386

GEM 217677
TS 2N459

SYL 211677
MOT 2N830 2141032E GPNPA AF, P BEN 21710328

PHL 2N387 CBS 2N173

2N677A GPNPA AFO BEN 2N677A
MOT 2N1165

CBS 2N441 2N1015 SNPN PA PHL, 2N387

BEN 2N1031A6 W WX1015

TS 2N173 2N1032C GPNPA AF,P BEN 2N1032C

MOT 2N1162 2N1015A SNPN PA CBS 2171099

GEM 2N677A
WX1015A MOT 2N1167

SYL 2N677A
TR 2N1212A PHL 2N367

2N677B GPNPA AFO BEN 2N677B 2N1015B SNPN PA 2111033 PHI, 224226

CBS 217174 2
WX1015B

BEN 2N1031B6 TR 2N1212B 2N1034 SPNPA AF RAY 2N1034

MOT 2N1164
SRC 2171034

GEM' 2N677B 2N1015C SNPN PA HU 2N12327

SYL 2N677B
W WX1015C RAY 2N1034
TR 2N1212C PHL 2N495

2N677C GPNPA AFO BEN 2N677C
CBS 2N174 2171016 SNPN PA 2N1035 SPNPA AF RAY 2N1035

BEN 2N103106 W WX1016 SRC 2N1035

MOT 2N1166
HU 2N12337

GEM 2N677C 2N1016A SNPN AF,P RAY 2N1035

SYL 2N677C
WX1016A PYE V30/20IP

TR 2N1208A PRL 2N495



INCREASED RELIABILITY PLUS

HIGHER OPERATING TEMPERATURES
with Westinghouse Silicon PO,.Wp! Transistors*
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2N1015-2 amp
2N1016-5 amp
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Westinghouse 2N1015 and 2N1016 Silicon Power Transistors offer positive,
proved benefits to designers of inverters, series regulators, and A.C. Amplifiers.

INVERTERS...

Extremely
low satura-
tion resist-

' ance (typi-
cal .3 ohms)

minimizes power losses in the
transistor. High temperature
(150°C T1 max.) operation per-
mits compact inverter designs
for missiles, aircraft, and other
military equipment.

SERIES REGULATORS

High volt -
vi. VOUT age ratings

and high
temperature

operation, plus internal power dissi-
pation of 150 watts made possible
by low thermal resistance of .7°C/
watt make the 2N1015 and 2N1016
an ideal choice for constant voltage
and constant current regulators.

PLUS TRUE VOLTAGE RATINGS...
guaranteed by 100% power testing. Means you can
operate these transistors continuously at the VcE listed
for each rating without the risk of transistor failure.

Production quantities of Westinghouse Silicon Power
Transistors are available in 2 and 5 ampere collector rat-

ings. Both are availablein 30,60,
100, 150, and 200 volt ratings
for immediate applications.
Contact your local Westing-
house Apparatus Sales Office,
or write directly to Westing-
house Electric Corp., Semi-
conductor Department,Young-
wood, Penna.
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A.C. AMPLIFIERS...

INPUT] IkOUTPUT

Perfect choice for high power
audio and A.C. Amplifier appli-
cations, thanks to their high
power dissipation capabilities
and common emitter frequency
response to 20KC.

*Designed to meet or exceed military specifications
and currently being used in -many military,
industrial, and commercial applications.

Type lice° 11(min) Rs( max) Ic A (max)
Ti max.

operating

Thermal drop

to ease (max)

2N1015 30

2N1015A 60 10 .75 ohms .7°C/W
2N1015B 100 @ lc=2 amp ®tc=2 amp 7.5 150°C
2NI015C 150 6=300 ma
2N1015D 200

2N1016 30

2N1016A 60 10 .50 ohms .7°C/W
2N1016B 100 ©Ic=5 amp ©16=5 amp 7.5 150°C
2N1016C 150 I.=750 Ina
2N1016D 200

*TRUE volt ge rating (The transistors can be operated continuously at the VCE listed for
each rating.)

YOU CAN BE SURE-IF IfsWestinghouse
206 Circle 107 on Inquiry Card

ELECTRONIC INDUSTRIES March 1960



MFR. NEAREST
MFR. NEAREST

MFR. NEAREST

EM NO. TYPE APPL. MFR. NO. TYPE FIG. EM NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.

2N1036 SPNPA AF RAY 2N1036 2N1092 SNPND P RCA 2N1092 2N1137 IPNPA AF,P BEN 2N1137

SRC 2N1036
FCH 2N696 CBS LT5102 11

HU 2N12337
MOT 2N1162

RAY 2N1036 2N1093 GPNP CD TI 2N1093

PYE V30/201P
2N1137A GPNPA AF,P BEN 2N1137A

PHL 2N495 2N1094 GPNPD IF WE 2N1094 CBS LT5111
MOT 2N1164

2N1037 SPNPA AF RAY 2N1037 2N1095 SNPNG RF BOG 2N1095

SRC 2N1037
2N1137B GPNPA AF,P BEN 2N1137B

RAY 2N1037 2NI096 SNPNG RF BOG 2N1096 CBS LT5120

PYE V30/20IP
MOT 2N1166

PHL 2N495 2N1097 GPNP AFO GE 2N1097
IND 2N363 2N1138 GPNPA AF,P BEN 2N1138

2N1038 GPNPA AF, HS TI 2N1038 MOT 2N1191

RCA 2N586
2N1138A GPNPA AF,P BEN 2N1138A

PYE
PHL

V60/30P
2N671

2N1098 GPNP AFO GE
IND

2N1096
2N465

8 2N1138B GPNPA AF,P BEN 2N1138B

2N1039 GPNPA AF, HS TI 2N1039
MOT 2N1191 2N1139 SNPN RF TR 2N1139

PYE
PHL

V60/30P
2N674

2N1099 GPNP GP DEL
MOT

2N1099
2'4630

2N1140 SNPN S TR 2N1140

2N1040 GPNPA AF, HS TI 2N1040
PHL 2N387 2N1141 GPNP HF TI 2N1141

PYE
PHL

V69/30P
2N674

2N1100 GPNP GP DEL
MOT

2N1100
2N630

2N1142 GPNP HF TI 2N1142

2N1041

2N1042

GPNPA AF, HS

GPNPA P

TI
PHL

TI
CBS

2N1041

2N1042

2N674

2N156 6

2N1101 GNPN AFO SYL
RCA
CBS
GEM

2N1101

2N1101

2N647
2N306 1

2N1143

2N1144

GPNP HF

GPNP AFO

TI

GE
IND
MOT

2N1143

2N1144
2N363
2N1191

4

MOT
PYE
PHI.

2N350A
V30/20P
2N386

2N1102 GNPN AFO SYL
RCA
CBS
GEM

2N1102

2N1102

2N647
2N438A 1

2N1145 GPNP AFO GE
IND
MOT

2N1145
2N465
2N1191

4

2N1043 GPNPA P TI
RCA
CBS

2N1043
2N561
2N158 6

2N1107 GPNP RF TI 2N1107
2N1146 PNP P CTP

CBS
2N1146

2N277 2

MOT
PYE
PHL

2N375
V60/20P
2N386

2N1108 GPNP RF TI
PYE

2N1108
V15/20R 2N1146A PNP P

MOT

CTP 2N1147

2N1162

2NI044 GPNPA P TI
RCA

2N1044
2N561

2N1109 GPNP RF TI
PYE

2N1109
V15/20R

CBS
MOT

2N270
2NI164

CBS
MOT
PHL

2N158A
2N1362
2N387

6 2N1110 GPNP RF TI
PYE

2N1110
V15/20R

2N1146B PNP P CTP
CBS
MOT

2N1146B
2N173
2N1166

2N1045 GPNPA P TI
RCA

2N1045
2N1014

2N1111 GPNP RF TI
PYE

2N11I1
V15/20R

2N1146C PNP P CTP
CBS

2N1146C
2N1099

CBS
MOT
PHL

LT5035
2N1364
2N387

10 2N1111A GPNP RF TI
PYE

2N1111A
V15/20R 2NI147 PNP P

MOT

CTP 2N1147

2N1166

2N1046 GPNPD CD, D TI
PHL

2N1046
2N387

2N1111B GPNP RF TI
PYE

2N1111B
V15/20R

CBS
MOT

2N277
2N1163

2

2N1047

2N1048

S P

S P

TI

TI

2N1047

2N1048

2N1114 GNPN CD SYL
CBS
GEM

2N1114

2N111.4
2N440A 1

2N1147A PNP P CTP
CBS
MOT

2N1147A
2N278
2N1165

2N1049 S P TI 2N1049
2N1115

IND 2NL284-

2N1147B PNP P CTP
CBS
MOT

2N1147B
2N173
2N1167

2N1050 S P TI 2N1050 2N1116 SNPN P TR 2N1116

2N1051 SNPND WE 2N1051 2N1117 SNPN P TR 2N1117

2N1147C PNP P CTP
CBS
MOT

2N1147C
2NI099
2N1167

2N1056 GPNP S GE 2N1056 4 2N1118 SPNPA OSC PHL 2N1118 8

2N1057 GPNP S GE 2N1057 4
FCH 2N1131

2N1149 SNPN HG TI

2N1150 SNPN HG TI 2N1150

2NI058 GPNPA M SYL 2N1058 2N1118A SNPNA HF PHL 2N1118A

RCA 2N412
2N1151 SNPN HG TI 2N1151

CBS 2N377 2N1119 SPNPA S PHL 2N1119 8

GEM 2N1058
2N1152 SNPN HG TI 2N1152

2NI120 GPNPA AFO BEN 2141120

2N1059 GPNPA AF SYL 2N1059
CBS 2N1099 2 2N1153 SNPN HO TI 2N1153

RCA 2N270 MOT 2N1120

CBS 2N444
2N1154 SNPN AF TI 2N1154

GEM 2N1059 2N1121 GNPN IF GE 2N1121
2N1155 SNPN AF TI 2N1155

2N1060 SNPND S WE 2N1060 2N1122 GNPNA HS PHL 15

SPR :=7 2N1156 SNPN AF TI 2N1156

2N1065 GPNPD S GT 2N1065 PYE V15/20R

PHL 2N588
2N1157 GPNPA GP MN 2N1157

2N1122A GNPNA HS PHL 2N1122A 15 MOT 2N1163

2N1066 GPNPD RF RCA 2N1066
SPR 2N1122A7 PHL 2N387

PHL 2N504 PYE V15/20R

2N1067 SNPND P RCA 2N1067
2NI157A GPNPA GP MH 2N1157A

2N1123 GPNP S PHL 2N1123 21 MOT 2N1165

2N1068 SNPND P RCA 2N1068
PHL 2N387

2N1124 GPNP S PHL 2N1124

2N1068 SNPND P RCA 2N1069 BEN 2N1176B 2N1158 PHL 2N1158

STC 2N1069 2N389 PYE V60/20IP

TR 2N1069 2N1212A
2NI159 GPNP S DEL 2N1159

2N1125 GPNP S PHL 2N1125 CBS LT5102 1

2NI070 SNPND P RCA 2N1070 BEN 2N1176B MOT 2N628

STC 2N1070 2N389
TR 2N1070 2N1208A 2N1126 GPNP S PHL 2N1126 2N1160 GPNP S DEL 2N1160

TS 2N174 14

2N1072 SNPND CD,S WE 2N1072 2N1127 GPNP S PHL 2N1127 MOT 2N628
PHL 2N387

2N1073
2N1128 GPNP S PHL 2N1128

BEN 2N10736
IND 2N1284 2N1162

TS 2N277 14 BEN 2N1008A MOT 2N1162

PYE V60/30NP TS 2N383 1

2N1163

2N1073A
2N1129 GPNP S PHL 2N1129 MOT 2N1163

BEN 2N1073A6 BEN 2N 1176A
MOT 2N1193 2N1164

2N107313

MOT 2N1164

BEN 2N1073B6 2N1130 GPNP S PHL 2N1130
IND 2N359 2N1165

2N1074 SNPNA AF RAY 2N1074
BEN 2N1008A MOT 2N1165

MOT 2N1193

2N1075 SNPNA AF RAY 2N1076
2NI166

2N1131 FCH 2N1131 MOT 2N1166

2N1076 SNPNA AF RAY 2N1076 HU 2N1256
2N1167

2N1077 SNPNA AF RAY 2N1077 2N1132 FCH 2N1132 MOT 2NI167

HU 2N1257

2N10. 8 PNP P CBS 2N1078
2N1108 GPNP P DEL 2N1168

PHI. 2N386 2N1136 GPNPA AF,P BEN 2N1136 CBS LT5099 11

CBS LT5102 11 BEN 2NI136

2N1086 GNPN OSC GE 2N1066 7 TS 2N277 14 MOT 2N669

MOT 2N628 PHL 2N386

2N1086A GNPN OSC GE 2N1086A 7
2N1136A GPNPA AF,P BEN 2N1136A 2N1171

2N1087 GNPN OSC GE 2N1087
CBS LT5111 RAY 2N1171

MOT 2N629

2N1090 GNPNA S RCA 2N1090
2N1172 GPNP GP DEL 2N1172

GE 2N634 2N1136B GPNPA AF,P BEN 2N1136B PYE V60/201P

CBS LT5I20 PHL 2N386

2N1091 GNPNA S RCA 2N1091 MOT 2N63O

GE 21'0335



MFR. NEAREST MFR. NEAREST MFR. NEARESTEIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG. EIA NO. TYPE APPL. MFR. NO. TYPE FIG.2N1173 GNPNA AF WE 2N1173 2N1261 GPNPA GP MH 2N1261 2N1320 GPNP P CBS 2N1320 92N1174 GNPNA AF WE 2N1174 CBS
MOT

LT5131
2N375

4
2N1321 GNPN P CBS 2141321 92N1176 GPNPA AF BEN

PYE V15/201P 2141262 GPNPA GP

PYE

MR 2N1262

V60/30NP
2141322 GPNP P CBS

PHI
2N1322

2N3662N1176A GPNPA AF BEN
PYE V30/201P

CBS
MOT
PYE

LT5126
2N375
V60/30NP

9

2N1323 GNPN P CBS 2N1323
2N1176B GPNPA AF BEN

PYE V60/20IP
2N1263 GPNPA GP MH

CBS
2N1263

LT5134 9

2N1324 GPNP P CBS
PHL

2N1324
2N387

2N1190 MOT
PYE

2N618
V60/30P

2N1325 GNPN P CBS 2N1325 9TS 2N460
2N1326 GPNP P CBS 21413262N1192

TS 2N461

2N1264 GPNP GP SYL
MOT
PYE

2N1264
2N1191
V6/2RC

2N1327 GNPN P CBS 2141327 9
2N1195 GPNPD HF WE 2N1195 PHL 2N232 2141328 GPNP P CBS 2N1328 10TI

PHL
2N1195

2N502
2N1265 GPNP RF, OSC SYL

MOT
2N1265

2141192
2)11329 GNPN P CBS 2N1329 10

2N1198 GNPN S GE 2N1198 PYE
PHL

V10/50A
2N207

2141330 GNPN P CBS 2N1330 10
2N1199 SNPND S PHL

FCH
2N1199

2N706
2N1266 GPNP IF SYL

PYE
2141266

V10/30A

2N1331 GPNP P CBS 2N1331
2N33T

10

2N1202 GPNPA P MH 2N1202 PHL 2N232 2141332 GNPN P CBS 2N1332 10CBS
BEN

LT5074
2N637B

9 2N1267 SNPND RF PHL 2N1267 5 2141333 GPNP P CBS 2N1333 10MOT
PHL

2N618
2N387

2N1268 SNPND RF PHL 2)11268 2N1334 GNPN P CBS 2N1334 10
2N1203 GPNPA HV MH 2N1203

2N1269 SNPND RF PHL 2141268 2N1335 SNPND HF,S PSI 2141335 25CBS LT5087 9 2N1270 SNPND RF PHL 2N1270 FCH 2N698MOT
PHL

2N1362
2N307 2N1271 SNPND RF PHL 2N1271 2N1336 SNPND HF,S PSI

FCH
2141336

214698
25

2N1204 SNPND HF PHL 2N1204 2141272 SNPND RF PHL 2N1272 2N1337 SNPND HF,S PSI 2N1337 252N1205 SNPN IF TR 2N1205 2N1273 GPNP AFO TI 2N1273 FCH 2N698
2N1206 SNPN P TR 2N1206 IND

MOT
TRC71
2141191

2141339 SNPND HF, S PSI 2141339 25
2N1207 SNPN P TR 2N1207 2141274 GPNP AFO TI 2141274

2N1340 SNPND HF,S PSI 2N1340 25
2141208 SNPN P TR 2N1208 IND 2N363 2N1341 SNPND HF,S PSI 2N1341 252N1209

2N1212

SNPN P
SNPN P

TR

TR

2141209

2N1212 2N1275

MOT

RAY
SRC

2N1275
2N1275

2141191

2141343

2N1344

PNP S

PNP S

IND

IND

2N1343

2141344

19

19
2141219 SPNPA S GT

PHL
2NI219

2N495 2N1276 SNPN GP GE 2N1276
2N1345 PNP S IND 2N1345 19SRC 2N1219 PHL 2N1267 2N1346 PNP S 1141) 2)11346 192N1220 SPNPA S GT 2N1220 2N1277 SNPN GP GE 2N1277 2N1347 PNP S IND 2N1347 19SRC

NSC
2N1220
2N1220 PHI. 2N1268 2N1348 PNP S IND 2141348 19PHL 2N495 2N1278 SNPN GP GE 2N1278 2N1349 PNP S IND 2N1349 192N1221 SPNPA AF GT

SRC
2N1221
2N1221 2141279 SNP)/ GP

PHL

GE 2N1279

214119

2N1350 PNP S IND 2141350 19PHL 2N495 PHL 2N1472 2N1351 PNP S IND 2N1351 192N1222 SPNPA AF GT
SRC

2141222
2N1222

2N1280 PNP S IND 2N1280 2N1352 PNP S IND 2141352 19NSC
PHI.

2N1222
2N495

2141281 PNP S 1141) 2N1281. 19 2N1353 PNP S IND 2/41353 19
2N1223 SPNPA AF,S GT 2N1223

2141282 PNP S IND 2141282 19 2N1354 PNP S IND 2141354 19SRC 2N1223 2N1284 PNP S IND 2N1284 19 2141355 PNP S IND 2N1355 192N1224 GPNPD RF RCA
PHL

2N1224
2N504

2N1296 GNPN P CBS 2N1296 11 2N1356 PNP S GOD 2241356 19
2N1225 GPNPD RF RCA 2N1225

2141297 GPNP P CBS 2N1297 11 2N1357 PNP S IND 2N1357 19PHL 2N504 2N1298 GNPN P CBS 2N1298 11 2N1358 G GP DEL2N1226 GPNPD RF RCA
PHL

2N1226
214504

2N1299 GNPN S SYL 2N1299 MOT
PHL

214630
214387

2N1228 SPNPA AF HU
SRC

2N1228
2N1024

2N1300 GPNPD S RCA
PHL

2N1300
2141204

2N1359 MOT
CBS

2/41359
LT5099 11NSC 2N1228 2N1301 GPNPD S RCA 2N1301 2141360 MOT 21413602141229 SPNPA AF HU 2141229 PHL 2N1204

CBS LT5102 11SRC
NSC 2N1229

2N1024
19

2N1302 GNPNA TI 2N1302 2141362 MOT 2)11362
2N1291 GPNP P CBS 2N1291 11 CBS LT5117 112N1230 SPNPA AF HU

SRC
NSC

2141230

2141230
2N1025

19 2N1292 GNPN P

PYE

CBS 2N1292

V30/30P

11

2N1363 MOT
CBS

2N1363
LT5117 11

2N1231 SPNPA AF HU 2N1231 PYE V60/30P 2141364 MOT 2/41364SRC
NSC 2N1231

2N1469
19

2N1293 GPNP P CBS
PHL

2N1293
2N386

11 2N1365 MOT 2N1365
2141232 SPNPA AF HU

SRC
NSC

2N1232

2N1232
2N1474

19

2141294

2N1295

GNPN P

GPNP P

CBS

CBS

2N1294

2N1295

11

11

2141370 GPNP AFO TI
IND
MOT

2)11370
2N361
2141192

2141233 SPNPA AF HU 2N1233 PHL 2N387 2141371 GPNP AFO TI 2141370SRC 2141475 2N1303 GPNPA CD TI 2N1303 MOT 2N651NSC 2N1233 19 IND 2N363 2)11372 GPNP GP TI 21413722N1245 GPNP P CBS 2N1245 11
TS 2N425

MOT 2N1191T9
PYE

2N242
V30/30P

2N1304 GNPNA CD TI 2N1304 2111373 GPNP GP TI 2N1373
2N1305 GPNPA CD TI 2141305 MOT 2146502N1246 GPNP P CBS

TS
2N1246

24242
11 IND

TS
2N466
2N426

2141374 GPNP GP TI
IND

2NI374
TR7212N1250 SNPN P TR 2N1250 214I306 GNPNA CD TI 2N1306 MOT 2N1192

2N1251 GNPN AF SYL 2N1251 2141307 GPNPA CD TI 2141307
214I375 GPNP GP TI

MOT
2N1375

2N6512N1252 SNPND S FCH
IND

2N1252
2111252 19

IND
TS

2N428
2N427 214I376 GPNP GP TI

IND
2141376

2143602N1253 SNPND S FCH 2N1252
2N1308 GNPNA CD TI 2N1308

MOT 2N1192IND 2N1253 19 2N1309 GPNPA CD TI 2N1309 2141377 GPNP GP TI 21413772N1254 SPNPD S HU 2N1254 IND
TS

2N428
2N428 MOT 2N651

2)11256 SPNPD S HU 2141256 2N1310 GNPNA NV GT 2N1310 2141378 GPNP. GP TI
MOT

2141378
2N11932N1257 SPNPD S HU 2NI257 2N1313 S TS 2N1379 GPNP GP TI 21413792N1298 SPNPD S HU 2N1258 IND 2N1313

MOT 2141193
2141259 SPNPD S HU 2N1259

2N1316 PNP S IND 2N1316 19 2141380 GPNP GP TI 2141380
2N1317 PNP S IND 2N1317 19 MOT 2N1192

2N1318 PNP S IND 2)11318 19



1960 TRANSISTOR INTERCHANGEABILITY CHART

EIA NO. TYPE APPL. MFR.
MFR.
NO.

NEAREST
TYPE FIG. EIA NO. TYPE APPL. MFR.

MFR.
NO.

NEAREST
TYPE FIG. EIA NO. TYPE APPL. MFR.

MFR.
NO.

NEAREST
TYPE FIG.

2N1381 GPNP GP TI 2N1381 2N1428 SPNPA GP PHL 2N1428 2N1429 8 3N23A GNPNG RF BOG 3N23A

MOT 2N1192 SRC 8565
3N2313 GNPNG RF BOG 3N23B

2N1382
IND 2N466

2N1429 SPNPA GP PHL 2N1429 8
3N23C GNPNG RF BOG 3N23C

MOT 2N1192 2N1431 GNPN AF SYL 2N1431
3N294 GNPN GE

2NI383
IND 2N465

2N1432 GNPND LRF SYL
PHL

2N1432
2N588 3N204 GNPN GE

310T 2N1191
2N1440 SPNPA S NSC 2N1440 19 3N25 GPNP IF TI 3N25

2N1385 GPNP S TI 2N1385
2N1441 SPNPA S NSC 2N1441 19 3N314 GNPN GE

2N1386
RAY 2N1386 2N1442 SPNPA S NSC 2N1442 19 3N32 SNPN IF TI 3N32

2N1387 2N1444 SNPND S WE 2/41444 3N32 SNPN IF TI 3N33

RAY 2NI387
2N1446 PNP AF IND 2N1446 19 3N34 SNPN RF TI 3N34

2N1388
RAY 2N1388 2N1447 PNP AF IND 2N1447 19 3N35 SNPN RF TI 3N35

2N1389 2N1448 PNP AF IND 2N1448 19 3N36 GNPN RF GE 3N36 26

RAY 2N1389
2N1449 PNP AF IND 2N1449 19 3N36 GNPN RF GE 3N37 26

2N1390
RAY 2N1390 2N1450 GPNPD S GT 2N1450 3N45 PNPA P MH 3N45

2N1395 GPNPD RF RCA 2N1395
PHL 2N1204

3N46 PNPA P MN 3N46

PILL 2N504 2N1451 PNP AF IND 2N1451. 19
2N1476 SPNPA S SRC 2N1476

2N1396 GPNPD RF RCA 2N1396 2N1452 PNP AF IND 2N1452 19 HU 2N1234

PHL 2N504

2N1397 GPNPD RF RCA 2N1397
2N1467 PHL 2N1467 2N1477 SPNPA S SRC

HU
2N1477

2N1234

PILL 2N504 2N1488
BAY 2N1468 2N1478 RF PHL 2N1478

2N1409 SNPND HF,S PSI 2N1409 6

FCH 2N698 2N1469 SPNPA S SRC 2N1469 2N1494 HF PHL 2N1494

2N1410 SNPND HF,S PSI 2N1410 5
HIS 2N1231

2N1495 HF PHL 2N1495

FCH 2N696 2N1471 PNP AF IND 2N1471 19
2N1496 HF PHL 2N1496

2N1411 PHL
PYE

2N1411
V6/8RC

2141472 SNPND S PHL 2N1472
2N1499 HF PHL 2N1499

2N1474 SPNPA S SRC 2311474

2N1412 HU 2NI232 2N1500 HF PHL 2N1500

PYE V6/8RC
2N1474A SPNPA S SRC 2N1474A 2N1505 SNPND HF PSI 2N1505 25

2N1416 GPPA HF PHL
PYE

2N1416
V15/201P

HU 2N1232
2N1506 SNPND HF PSI 2N1506 25

2141475 SPNPA S SRC 5N1475

2N1420 NPN S IND 2N1420 19 HU 2N1233 3N21 GC SYL 3N21

2N1427 PHL 2N1427 3N23 GNPNG RF BOG 3N23 3N22 GNPN RF WE 8N22

1960 TRANSISTOR INTERCHANGEABILITY ABBREVIATIONS

Manufacturers
In This Chart
ARA-Advanced Research Assoc.
AMP-Amperes
BEN-Bendix
BOG-Bogue
CBS-CBS-Hytron
CRI-Crystalonics, Inc.
CTP-Clevite
DEL-Delco
FCH-Fairchild
GE-General Electric
GEM-Great Eastern
GP-Germanium Products
GT-General Transistor
HU-Hughes
IND-Industro
MAL-Mallory
MH-Minneapolis-Honeywell
MOT-Motorola
MU-Mullard
NA-National Aircraft
NSC-National Semiconductor
NUC-Nucleonic Products
PH L-Philco
PSI-Pacific Semiconductors
PYE-Pye Electronics
RAY-Raytheon
RCA-Radio Corp. of America
RH E-Rheem
SPR-Sprague
SRC-Sperry
SYL-Sylvania
STC-Silicon Transistor
TI-Texas Instruments
TR-Transitron
TS-Tung-Sol
WE-Western Electric
W-Westinghouse

DESCRIPTIONS AND FOOTNOTES

AF-Audio Amplifier
AFD-Af Driver
AFO-Af Power Amplifier
CD-Core Driver
D-CRT Deflection
CNV-Converter
GC-Germanium Point Contact
GP-General Purpose
GNPNA-Germanium, NPN, Alloy
GNPNB-Germanium, NPN, Bilateral
GNPND-Germanium, NPN, Diffused
GNPNG-Germanium, NPN, Grown
GPNPA-Germanium, PNP, Alloy
GPNPB-Germanium, PNP, Bilateral
GPNPD-Germanium, PNP, Diffused
GPNPS-Germanium, PNP, Surface Barrier
GPPA-Germanium, Matched Pair, Alloy
HF-High Frequency Amplifier
HG-High Gain
HS-High Current Switch
HV-High Voltage Applications
IF-If Amplifier
LRF-Low Frequency Amplifier
M-Mixer
OSC-Oscillator
P-Power Switch, Power Conversion
PH-Phototransistor
RF-Rf Amplifier
S-Hiqh Speed Switching
SNPNA-Silicon, NPN, Alloy
SNPND-Silicon, NPN, Diffused, drift
SNPNG-Silicon, NPN, Grown
SPNPA-Silicon, PNP, Alloy
SPNPD-Silicon, PNP, Diffused, Drift
SPNPG-Silicon, PNP, Grown
I. Spade Lugs
2. .004" Length
3. Discontinued
4. Obsolete
5. Replacement
6. Lug Type Leads
7. Directly Interchangeable
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fi

.345
322

DIA.

0.250"
MAX.

j_
0.300"
MAX.'

8.294" 0.125"
MAX.

II II 01.511"
MIN.

EMITTER

m24ACE.

4- .185

-41
.020 MAX

(GLASS EXTENSION)

0.019"----,
0.010DIA.

RASE

.500'

4

.610"

INSULATED LOCATOR
PIN 141"MAX 0IA

COLLECTOR

0.201" AT SEATING
PLANE

1.50_,1
MIN.

4-.025

COLLECTOR

BASE

EMITTER

-2111INF,21

FALL 0.828"
4 THREAD MAX.

0
3 - 0.022"
TINNED LEADS .1151
EQUALLY SPACED MAX.

ON 0.156" PIN
0 0 I

.320 MAX
CIRCLE DIA.

MAX
DIA.

f

1.250*
MAX

0.580"
MAX.

COLLECTOR  BLACK

2

I COLLECTOR

2 BASE

3 EMITTER

4001 Odd terminal I

usunded to case

.010"
MAX

*10-32 NF 2A
MEAD

.250MAX

2.0"

530 MAX

O
A0'MIN

.200"-

.151 I- 15"M1N.
.106

137

.006

EMOTER  RED I.5.

EMITTER

3

SOLDER LUGS

6S0 MAX.

.335"11111.37511AL

 BASE

.055
041

O

.036 MAX

.500"MAX.

.312'MAX

10-32 THREAD

072' .140'
MIN. MAX.

4--  29 0" -370" -4

..- .275"-333"

LEAD DIA.= .0170+.00-.001"
-1.1..-.04 'COLLECTOR

.192

I COLLECTOR

2 BASE

3 EMITTER

NOTE 

Odd terminal 1
grounded to case

-28 UNF 2B

THREAD

.250" MIN.

FULL THREAD

914
1.040"
MAX.

SOLDER LUGS

BOTTOM oAtt

000' 001'
DID LEADS

1140.
MAL

tDOST

TOOT CAC

UNPAINTED 040'
DIA

DOI' 072,
LEADS 000"

460 MAX.

.016"DIA. LEADS

.200.0111 PIN
CIRCLE

395 MAX

100'
MAD.

1.5"MIN.

.230"MAX.

4-.420"MAX.

MIN.

100TE 01

43.
4-3

.014
(NOTE 31

031*
±.003*

BASE SEAT

'\

.3411.

1.11M
MAD.

100" /

ITST

1512'
MBA.

11117.
MAD. I

COLLECTOR

GROUNDED

TO CASE

Ii

.340 MAX

.312 MIA

501

1-.4.110 0.010

159. DIA IL01211AlL
DDT' E 1110.140LES

1NOLES "Pa HOLES
L.040 = ou.-2 LEADS

ALL. UNIPECWNED TO4-1.0041

15 MAX.

200'
± 010 

S 1103.44./.
00t11 EROS.
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13

.155.
MAX

ORIENTATION
RANDOM

MAX
 150

MIN

* 025

OLLECCITOR

BASE

.020 MAR 14 -
(GLASS EXTENSIONF1

14

7116 I/16.

EMITTER

CONNECTK

PIN CIRCLE DIA.
.071"

ITTER

CUT TO 0.200" FOR USE IN SOCKETS
LEADS TINNED DIA. Ole
MOUNTING POSITION - ANY
WEIGHT.: 05 02
BASE CONNECTED TO TRANSISTOR SHELL.
DIMENSIONS IN INCHES.

1

MAX4

DIA.

1.1/4 0 MAX.

.656 045

10-32 THREAD

BASE

CONNECTOR

.345 RAD.

.180"
MAX. -

1024MAX.

5/16 PANT

INSULATED LOCATOR PIN -

9164 131A. MAX.

144- .072 MIN. SLOT

WE -.140 MAX.

COLLECTOR IS

INTERNALLY CONNECTED

TO MOUNTING BASE

90°
NOM.

BOTTOM VIEW OF BASE

.370MAX

.360MIN
.335 MAX
.325MIN

.040 MAX
.029MIN
(NOTE 21

.03I±.003

.225
MAX.

150MIN .260MA)
(NOTED .250MIN

1.5MIN

k200 t.010

I/

90

45°
.0311003

0291 NOTE 2)

15157

300"
±1015".

+..4025"50"

1.50"
±.3/I6"
-0

.170"
±.0091

11
L450"
3/16-0+

PIN CIRCLE DI
.070"

'.37O MAX
.360 MIN

335 MAX
.325MIN

2 1

NOM.
20°1

lea
Mee..

Itie 150%

!VT

-RED LINE :ow
CIRCLE DIA. ;

0 0

Tomkt'4

45°13"

19

.225 MAX

.220 MIN

dlii) MAX
325 MTV"

295 MAZ
rria MIN

1.500 MIN

90'

45

1

.100MIN .260MAX
(NOTE I) .215M1N

90°

1.5MIN

3 LEADS
.017 +

(NOTE

THIS LEAD
GROUNDED
TO HOUSING

.100 MIN

BASE E 3 44

10 0+.017

.200
!.010

0- -0

.031
L.._. .029 MIN

P.003

7

+.002
DIA

-.001

90*

15

015"

tAb
. C/1
MAO.

CH)
1. KillOOS

0.1 011 61.0
700T /10.1..T t H

TO 1.E..1.

2.10.1005" 1111 2.000 5"

VW

PIN CIRCLE DIA.

ni =
m1,01.0

.1001011.014.
-t

ORO leee
..01011

II e -t ATM.

.0.11,. 000

g
.255- .235

3:0016-

-.110:1,r4

.500
MIN.

---.035

ZB

23

H aa Ter
O 00 ma

r--- .$00-! 003 01,

.005 01.

300'! .010 CIA.

Hea I. Old 1/4'
,01,110,1 rorenn

2 50-

1

e 52 TAO
UNC-2A

I 305" Dm

gg- ,..

M

.325 M IN

T-
.260 MAX .150 MIN
.250 MIN (NOTE11

/
.0i90
.016 '

3 LEADS

.5 MIN

4 LEADS
-0

-
017 .0.0001201A

(NOTE 3)

900

450230

0 0

.370MAX

.360 MIN

.029 MIN
(NOTE 2)

90°

1°P
B2

H 2002.010 H

- .11Z DIA.

EMITTER
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1 HIGH SPEED GLASS TUBING CUTTER

2 AUTOMATIC DIODE BEAD MACHINE

3 AUTOMATIC CRYSTAL GROWER

4 TRANSISTOR STEM (HEADER) MACHINE

5 AUTOMATIC CAT WHISKER WELDER

AUTOMATIC MACHINES

FOR

Higher output at lower cost

for every operation

from crystal growing to final test

IICAlla LE
ENGINEERING COMPANY

3322 Hudson Avenue
Union City, New Jersey

Designers and Manufacturers of Automatic Machines
212 Circle 108 on Inquiry Card ELECTRONIC INDUSTRIES March 1960



from

DALOHM
better things in
smaller packages

ENLARGED CUTAWAY ILLUSTRATION

Four Times Average Size

WW HW WIREWOUND
PRECISION RESISTORS

Built to surpass MIL -R -93B
and MIL -R-9444

TWO TYPES: WW prefix meets re-
quirements of Characteristic A; HW pre-
fix meets requirements of Characteristic C.
Available with axial, radial or parallel
leads or lug terminals.

 RESISTANCE RANGE: 0.1 ohm to 6 megohms,
depending on type

 TOLERANCES: 0.02%, 0.05%, 0.1%, 0.25%
0.5%, 1%

 TEMPERATURE COEFFICIENT: .00002 per

degree C.

 OPERATING TEMPERATURE:
Type WW -55° C. to 125° C.
Type HW -55° C. to 145° C.

 WIDE SIZE RANGE: Sub -miniature,
5/16" x 5/64" up to MIL size 21/4" x %e"

REQUEST BULLETIN R -26D

N0

SEE THESE NEW RESISTORS AT

BOOTHS 2627-2629 AT IRE SHOW

W...
TWO MAJOR BREAK -THROUGH IN

ENCAPSULATED BOBBIN RESISTOR DESIGN

Here's How DALOHM Achieved New,
Long Lasting Stability

1 NEW TERMINATION*
New TERMINAL DISC prevents break-
age of terminating wire and changes in
resistance value due to strain when leads
are bent or subjected to outside mechani-
cal forces.

TERMINAL DISC is welded to lead and
firmly bonded to end of bobbin. Termina-
tion of last pi winding can be made at
any point on periphery of TERMINAL
DISC, allowing more accurate calibrating.
This large TERMINAL DISC provides
more welding area, thus insuring depend-
able welds.
*(patent applied for)

2 NEW WINDING
METHOD*

New TWIN -DISC winding separators re-
move need for insulating tape to prevent
shorting between pi's.

TWIN -DISC separators make shorting
physically impossible.
*(patent applied for)

OLD
METHOD

NEW
METHOD

OLD
METHOD

NEW
METHOD

DALE PRODUCTS

INC.

1304 28th Ave.
COLUMBUS,
NEBRASKA

Circle 149 on Inquiry Card



from

DALOHM
better things in
smaller packages

ENLARGED CUTAWAY ILLUSTRATION
Four Times Average Size

1. Welded termination
2. Longer winding mandrel (ceramic) giving better resolu-

tion, better heat dissipation, higher values and allows useof larger wire diameter

3. Lightweight precious metal wiper with low weight-pressure
ratio provides best performance under vibration and shock

4. ring seal provides protection against humidity, dust
and salt spray

DALOHM "T -POTS" Give

Excellent Performances
5. Thrust spring maintains constant position of lead screweliminating lead screw backlash
6. Polished stainless steel lead screw is ultrasonically pol-

ished for smooth operation and long rotational life
7. Collector provides dual current path for improved

reliability and low rotational noise level

8. Wide selection of external terminal configurations is avail-
able to meet any requirements

ALL MODELS MEET FUNCTIONAL REQUIREMENTS OF MIL-R-27208 and MIL -R-22097

TYPE 1000 WIREWOUND
(Completely Sealed)

Rated at 2.5 watts
Resistance Range 10
ohms to 50K ohms
Standard Tolerance 5%

TYPE 1001 WIREWOUND
(Panel Mounted)

Rated at 1.25 watts
Resistance Range 10
ohms to 50K ohms
Standard Tolerance 5%

113,'

ro

Some Models are smaller
than MIL. Spec. sizes

These T -Pots are miniature
precision trimmer potentiomet-
ers, resistant to stringent en-
vironmental conditions. They
are ruggedly constructed with
completely sealed cases. A wide
selection of terminal configur-
ations provide solutions for de-
manding miniaturization de-
sign problems.

SEE THE NEW 1200 SERIES AT
BOOTHS 2627-2629 AT IRE SHOW

TYPE 750 WIREWOUND
(Completely Sealed)

TYPE 751 WIREWOUND
(Panel Mounted)

Rated at 2 watts
Resistance Range 10
ohms to 30K ohms
Standard Tolerance 5%

Rated at 1 watt
Resistance Range 10
ohms to 30K ohms
Standard Tolerance 5%

DALOHM TYPE A1O-W WIREWOUND
Ruggedly constructed miniature precision trimmer potentio-
meter. Fully reliable under severe environmental conditions.
Four designs adaptable to demanding space requirements ofprecision circuits. Rated at 1 watt; Resistance Range from
10 ohms to 50K ohms; Standard Tolerance 5%.
DALOHM TYPE B11 -W WIREWOUND
This miniature trimmer potentiometer is designed to give ex-
cellent performance, for normal circuit problems where econo-
my is of prime importance, yet dependable performance is a

necessity. It retains many of the advantages of the precision
grade A10 -W trimmer. Rated at 1 watt; Resistance Range
from 10 ohms to 100K ohms; Standard Tolerance 10%.
DALOHM TYPE C12 -W WIREWOUND
A low cost miniature commercial trimmer potentiometer that
will give good performance for many applications where trim-
mer potentiometers are specified. It is reliable under environ-
mental conditions found in most commercial and industrial
equipment. Rated at % watt; Resistance Range from 10 ohms
to 20K ohms: Standard Resistance 155-.

DALE PRODUCTS INC.
-Mt

1304 28th Ave. Columbus, Nebraska
Circle 150 on Inquiry Card



IRE New Products
Computer Components
Line of subminiature computer and
control system components includes:
Ac Summing Amplifiers, Ac Isolation
Amplifiers, Servo Pre -amplifiers,

Power Amplifiers, Pulse Amplifiers,
etc. Reeves Instrument Corp. Booth
1305.

Circle 266 on Inquiry Card

Zener Diode Handbook
Chapters in handbook include:

Semiconductor Theory and Reverse
Breakdown; Silicon Reference Ele-

ments; Zener Diode Thermal Con-
siderations; Zener Diode ac and dc
applications, and Zener Diode Audio
and r -f Applications. International
Rectifier Corp. Booth 2901.

Circle 465 on Inquiry Card

Semiconductors
11licroforms include common elements
used as emitters and collectors such
as indium, aluminum, gallium, lead,

tin, gold, silver, arsenic, antimony,
pure binary or ternary alloys and
composites. Anchor Alloys, Inc. Booth
4042.

Circle 267 on Inquiry Card

THE !withIndustrial

Airbrasive Unit
We don't recommend slicing up the family's fine Limoge China, but this
does illustrate the precisely controlled cutting action of the S. S. White
Airbrasive Unit. Note how clean the edge is, and how the delicate ceramic
decoration is unharmed.

The secret of the Airbrasive is an accurate stream of non-toxic abrasive, gas -
propelled through a small, easy -to -use nozzle. The result is a completely cool
and shockless cutting or abrading of even the most fragile hard materials.

Airbrasive has amazing flexibility of operation in the lab or on an automated
production line. Use the same tool to frost a large area or to make a cut as
fine as .008" ! ...printed circuits ...shaping and drilling of germanium and
other crystals ...debutring fine needles...cleaning off oxide coatings... wire -
stripping potentiometers...engraving glass, minerals, ceramics. Jobs that
were previously thought impossible are now being done.

Send us your most difficult samples and
we will test them for you.

SEND FOR
BULLETIN 5705A
...complete information

New dual Model D!

S. S. WHITE INDUSTRIAL DIVISION Dept 19/010 East 40th Street, New York 16, N. Y.

ELECTRONIC INDUSTRIES March 1960 Circle 155 on Inquiry Card 215



IRE
BOOTH
3713, 15, 1 -

kjL..W.r, 0.6! a . . '.44447

NO,

Control room of a 50
million watt transmitter
created to better man's
understanding of the atmos-

phere and ionosphere-The
complete transmitter de-

Nk PRECISION MICROWAVE EQUIPMENT HIGH -POWER PULSE MODULATORS

FXR's precision microwave equipment, high -power
pulse modulators and high -voltage power supplies
have prominent roles in such leading scientific pro-
grams as this 50 million watt transmitter, thermo-
nuclear control research, communication and
ballistic missiles systems and similar astronautical,
aeronautical and electronic developments.

FXR,Inc.
Design  Manufacture  Development

26-12 Borough Place RA.. 1-9000
Woodside 77, N. Y. N.Y. 43745

SUPPLIES ELECTRONIC TEST EQUIPMENT



Immediate Delivery !

ELECTRONIC INDUSTRIES'
Exclusive

1960 ELECTRONIC

SPECTRUM CHART®

ORDER YOURS TODAY

 All latest revisions and up -dated specs

 30 x 22 inches in size

 Printed to show service and frequency area
in six colors with-

 Expensive lacquer proof ink that will not
run. Allows you to varnish or shellac
chart to prolong its life.

 Orders filled and mailed same day.

 Suitable for framing and wall mount or,

 Under gloss desk -top reference.

Quantify is limited.
Over 2,000 copies already purchased!

Prices:
Individual copies mailed in tubes $1.00 each

1 to 25 copies 1.00 per copy
26 to 100 copies 0.75 per copy
More than 100 copies 0.50 per copy

Please make remittances payable to Electronic Industries and

mail to Reader Service Department, Electronic Industries, Chestnut

 56th Streets, Philadelphia 39, Pennsylvania.

See actual chart on display in our Booth #4301-4303
at the IRE Convention

Sample of 1957 Edition

217
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amps.
DC

(100° C)

1111

\It # 1
silicon rectifiers

peak eras.
Inverse RMS
voltage volts

include 84 high
efficiency types

max. amps.

recurrent surge Tarzian Jedec
peak 4MS Type No.

0.325 2800 1960 3.25 19.5 280SM 1N1113

0.35 2400 1680 3.5 21 240SM 1N1112

0.375 2000 1400 3.75 22.5 200SM 1N1111

0.4 1600 1120 4 24 160SM 1N1110

0.425 1200 840 4.25 25.5 120SM 1N1109

0.45 NO 560 4.5 27 80S M 1N1108

100 70 5 30 10M 1N1081

200 140 5 30 20M 1N1082

300 210 5 30 30M 1141083

400 280 5 30 40M 1N1084

0.5 400 280 5 30 M-500 1N1084

500 350 5 30 50M -
600 420 5 30 60M -
200 140 1.5 75 F-2 1N2482

400 280 7.5 75 F-4 1N2483

600 420 7.5 15 F-6 1N2484

100 10 7.5 75 10H -
200 140 7.5 15 20H 1N2485

0.75 300 210 7.5 15 30H 1N2486

400 280 7.5 15 4011 1N2487

500 350 1.5 75 5011 1N2488

600 420 1.5 15 60H 11N2489

amps.
DC

(100° C)

peak max. amps. NEGATIVE POSITIVE

in- re-
verse max. cur-
volt- RMS rent surge Tarzian Jedec Tarzian Jedec
age volts peak 4MS Type No. Type No.

1.5

100 10 10 100 - - 1011 1N1617

- 200 140 10 100 - - 2011 1N1618

300 210 10 100 - - 3011 1N1619

400 280 10 100 - - 4011 1N1620

2

100 70 30 100 - - IOLA 1N1085

200 140 30 100 - - 2OLA 1N1086

300 210 30 100 - - 30LA 1N1087

400 280 30 100 - - 40 LA 1N1088

10

100 70 50 150 - - 1012 1N1621

200 140 50 150 - - 2012 1N1622

300 210 50 150 - - 3012 1N1623

400 280 50 150 - - 4012 1N1624

20

50 35 120 200 5RAN 1N1151 5RAP 1N1111

100 10 120 200 10RAN 1N1158 1ORAP 1N1112

- -r 200 140 120 200 20RAN 1N1159 20RAP 1N1113

300 210 120 200 30RAN 1N1160 30RAP 1N1174

400 280 120 200 40RAN - 40RAP -

35

50 35 210 350 5SAN 1N1161 5SAP 1N1175

100 70 210 350 IOSAN 1N1162 10SAP 1N1176

200 140 210 350 20SAN 1N1163 20SAP 1N1171

300 210 210 350 30SAN 1N1164 30SAP 1N1118

400 280 210 350 40SAN - 40SAP -

2) zf ELECTRONIC INDUSTRIES March 1960



Rated at from 0.325 to 250 amps,
in complete variety of case designs and terminals

Proved performance, low cost,
prompt shipment from stock

Sarkes Tarzian's "Designers' Line" silicon recti-
fiers offer the small size, high efficiency, mounting
versatility, and wide range of ratings that can
help solve many of your power conversion cir-
cuitry problems. Tarzian's realistic prices make
these high quality components practical for al-
most all commercial and military applications.

The 84 types of Tarzian "Designers' Line" recti-
fiers feature extremely low junction current density
to provide maximum reliability and operating life.

Their -55°C to +125°C temperature range makes
Tarzian silicon rectifiers ideal for circuits where
ambient temperatures are high and small size is
desired. Ratings range from 0.325 to 250 amperes.

Tarzian types are available for immediate
delivery in production quantities from factory or
warehouse stocks. Complete power conversion
engineering service on your rectifier requirements
is available at no charge or obligation.

For further information contact your nearest
Tarzian sales representative or write to Section
4394A, Semiconductor Division, Sarkes Tarzian,
Inc., Bloomington, Indiana..

SARKES TARZIAN, INC.
SEMICONDUCTOR DIVISION

BLOOMINGTON, INDIANA
In Canada: 700 Weston Rd., Toronto 9, Ontario

Export: Ad Auriema, Inc., New York City

amps.
DC

mai. amps. NEGATIVE POSITIVE peak
mai. amps. NEGATIVE POSITIVE

amps.

peak
in- re-

verse MEL CIO -
VOW RMS rent surge Tarzian Jedec Jedec

in- re-
verse mar. cur-
volt- RMS rent surge Tarnan Jedec Taman Jed&

(100° C) age volts peak 4MS Type No. Type No. (100° C) age volts peak /MS Type No. Type No.

50 35 210 350 5S3N - 5S3P -

100 10 210 350 10S3N - 10S3P -

35 200 140 210 350 20S3N - 20S3P -

300 210 210 350 30S3N - 30S3P -

400 280 210 350 40S3N - 40S3P -

50 35 600 1000 5VAN 1N1165 5YAP 1N1119

100 70 600 1000 IOVAN 1N1166 10VAP 1N1180

I.;=''..''''<""''''41 200 140 600 1000 20VAN 1N1161 20VAP 1N1181

300 210 600 1000 30VAN 1N1168 30VAP 1N1182

100 ' 400 280 600 1000 40VAN - 40VAP -_
50 35 600 1000 5V3N - 5V3P -

100 70 600 1000 10V3N - 10V3P -
ZOO 140 600 1000 20V3N - 20V3P -
300 210 600 1000 30V3N - 30V3P -
400 280 600 1000 40V3N - 40V3P -

50 35 900 1500 SWAN 1141263 SWAP 1N1261

100 10 900 1500 IOWAN 1N1264 10WAP 1N1268

150 200 140 900 1500 20WAN 1N1265 20WAP 1N1269

300 210 900 1500 30WAN 1N1266 30WAP 1N1270

400 280 900 1500 40WAN - 40WAP -

50 35 900 1500 5W3N - 5W3P -

100 10 900 1500 10W3N - 10W3P -

150 -Je 200 140 900 1500 20W3N - 20W3P -

300 210 900 1500 30W3N - 30W3P -
400 280 900 1500 40W3N - 40W3P -

50 35 1200 2000 5XAN 1N1263A 5XAP 1N1267A

100 70 1200 2000 1OXAN 1N1264A IOXAP INI268A

-.or. 200 140 1200 2000 20XAN 1N1265A 20XAP 1N1269A

300 210 1200 2000 30XAN 1N1266A 30XAP IN1210A

200 400 280 1200 2000 40XAN - 40XAP -

50 35 1200 2000 5X3N - 5X3P -

100 70 1200 2000 10X3N - 10X3P -

..., .43 200 140 1200 2000 20X3N - 20X3P -

300 210 Roo 2000 30X3N - 30X3P -

400 280 1200 2000 40X3N - 40X3P -

50 35 1500 2500 5Y3N - 5Y3P -

100

-- "V
70 1500 2500 10Y3N - 10Y3P -

250 200 140 1500 2500 20Y3N - 20Y3P -

300 210 1500 2500 30Y3N - 30Y3P -

400 280 1500 2500 40Y3N - 40Y3P -
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IRE New Products IRE New Products

Gold Preforms
Miniature gold preforms used in semi-
conductor devices. They are used as
a high -temp. solder for attaching the
wafer to base tab or for making elec-
trical contact. Alpha Metals, Inc.
Booth 4328.

Circle 257 on Inquiry Card

Power Supplies
ST Series input: 100-135 vac, single
phase. Output continuously variable

down to approx. 100 my. Duty cycle:
continuous duty at full load. Ripple:
Less than 500 p.v, RMS. Mid -Eastern
Electronics, Inc. Booth 3009.

Circle 258 on Inquiry Card

Wiring Designs
Twisted pairs simulated in Flexprint
flexible printed circuitry by conduc-
tors crossing over on two layers.
Cable can be bent, folded, and twisted
to conform to equipment geometry.
Sanders Assoc. Inc. Booth 1723.

Circle 259 on Inquiry Card

Crystal Can Relay
MV 7033 Crystal Can Relay operates
from -65 to +125°C. Nominal oper-
ating voltage is 26.5 vdc; coil resis-
tance, 600 ohms. Sensitivity is 250
mw. Contact rating: 2 a. Elgin Na-
tional Watch Co. Booth 2233.

Circle 260 on Inquiry Card

Wafer Capacitors
Wafer capacitors have high temp.
solder wire leads for use on printed

circuit boards. Capacitance range is
one to 10,000 t.i.p.f.; electrical proper-
ties same as caps without leads.
Corning Glass Works. Booth 2334.

Circle 261 on Inquiry Card

General Purpose Memories
Type RB General Purpose Memory

capacity from 128 to 1024 words of
from 4 to 24 bits per word. Operat-
ing rates to 125 KC. Sequential and
Random Access Operation. Telemeter
Magnetics, Inc. Booth 1900.

Circel 262 on Inquiry Card

IMMEDIATE

DELIVERY

EROGLAZE®
RESISTORS

FROM LOCAL

AEROVOX
INDUSTRIAL

DISTRIBUTORS

Save time... Save money... get
your prototype and modest quanti-
ties from your local Aerovox Indus-
trial Distributor. He can deliver
immediately from his stock and at
FACTORY PRICES.

Contact your local Aerovox
Industrial Distributor today for all
your capacitor requirements. For the
names of your nearest stocking
Aerovox Industrial Distributors write
to...

AEROVOX
CORPORATION
DISTRIBUTOR DIVISION
NEW BEDFORD  MASSACHUSETTS

Circle 115 on Inquiry Card
ELECTRONIC INDUSTRIES March
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AEROGLAZE
CONFORMAL

COATING
ON

C RESIS ORS

00"'"'"'ortial,-

CPM CARBOMOLD
RESISTORS

Encapsulated resistors in a
strong reinforced moisture
and heat resistant plastic
for stability, precision and
reliability. Available in 1/4,

1/4, 1/2, 1 and 2 watt sizes in
MIL designations RN60B,
RN65B, RN70B, RN75B and
RN80B.

Exceed Painted Resistor Performance
at NO Increase in Price!
Now... deposited carbon resistors with exclusive Aeroglaze
conformal coating offer superior performance and greater mechanical
protection over conventional painted units at NO increase in price.

Aeroglaze coating applied as a 100% solid eliminates weakened
coatings through use of solvents and provides uniform sizes and
appearance. Aeroglaze coating will meet all moisture requirements
of MIL-R10509B. Mechanical protection is superior to any
other method and special tubes, sleeves and jackets are eliminated.

Aeroglaze resistors are available for immediate delivery in production
quantities in the following ratings and sizes:

CPC CERAMIC -
TYPE CPX-AEROGLAZE CARBOFILM RESISTORS

CASED CARBOFILM Type B Max. Watts Res. Range Mil Designations Max. Volts

RESISTORS
Extra -rugged construction to
meet all requirements of
critical circuitry. Especially
suitable for applications de-
manding maximum protec-
tion against exposure and
extreme environmental con
ditions. Available in 1/s, 1/4,

1 and 2 watt sizes.

CPX 5,4

CPEX Y2

CPSX

CPX

CPLX

CPX 1

CPX 2

'352

'/2

5/8

'352

116

2%6

125

.203

.203

.250

.250

.328

328

'/2

1/2

1

2

5 ohms to 1 meg.

10 ohms to 2 meg.

10 ohms to 2.5 meg.

10 ohms to 5 meg.

5 meg. to 7.5 meg.

10 ohms to 15 meg.

15 ohms to 50 meg.

RNIO

RN20

RN25

RN30

300

350

350

350

500

500

1000

VISION

Write for new descriptive literature to...

AEROVOX CORPORATION
OLEAN, NEW YORK

SEE US AT IRE SHOW BOOTHS 2603, 2605, 2607
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Tape Wound Cores

Bobbin Cores

Not only G -L but our customers, too, claim consistent
uniformity with every G -L Tape Wound Core and
Bobbin Core. This consistent uniformity is the result
of: an accuracy of control never before achieved
in each and every step of the manufacturing
process; the use of the highest quality raw materials
and new and exclusive manufacturing technologies.

Prove our claims and the claims of our customers.
Write, wire, call or teletype us about your re-
quirements and for our technical bulletins.

See Us at Booth 1916 I.R.E. Show.

Gd 6tELliffge1Cer
2921 ADMIRAL WILSON BOULEVARD

CAMDEN 5, NEW JERSEY
WOodlawn 6-2780 TWX 761 Camden, N.J.

IRE New Products
Wafering Machine
Roton Table Drive for cutting germa-
nium, silicon, and other materials. It
provides a rolling rather than a slid-
ing fit between screw and nut, and

gves a frictionless drive. Micromech
Manufacturing Corp. Booth 4038.

Circle 268 on Inquiry Card

Miniature Relay

Magnecraft Class 33 plug -in -mounted
relays has a cover made of transpar-
ent, high -impact strength styrene

which also insulates the relay elec-
trical interference with other com-
ponents. Magnecraft Electric Co.
Booth 2525.

Circle 269 on Inquiry Card

Semiconductor Test Set
Model 1500, Automatic Transistor

Test Set, measures a variety of semi-

conductor parameters on a Go, No -C
basis. Test modes and limits are T.
grammed in advance. Optimiu
vices, Inc.

Circle 270 on Inquiry Ca
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Sharper Definition ... Improved Gray Scale...
with

RAYTHEON "KILOLINE"

RECORDING STORAGE TUBES

A Raytheon -designed tetrode gun insures higher resolution - 1,000 TV lines at
50% modulation - and improved control over beam cut-off in Raytheon's new
CK7571/QK685 and CK7575/QK787 recording storage tubes. A new multiple
collimating lens improves background uniformity and results in a signal -to -shading
ratio of ten.

These advanced design features, plus low noise and stable operating characteris-
tics, make Raytheon recording storage tubes ideal for frequency and scan conver-
sion. Among the applications where these tubes play an important role are:

 Scan conversion for bright display and target trails.
 Slow -down video for transmission of still pictures over telephone lines.
 Stop motion to permit analysis of production machinery or to stop action in

a sporting event.
 Signal-to-noise improvement of radar or other still pictures by integration.
 Conversion of television pictures from one transmission standard to another.

 Indication of moving targets by electrical comparison of pictures taken at
different times.

For scan conversion applications, both r.f. read-out and video cancellation
techniques have proved equally effective with Raytheon single- and dual -gun
storage tubes.

Raytheon's single -gun CK7571/QK685 and dual -gun CK7575/QK787 recording
storage tubes are available from stock in sample quantities. Detailed technical data
bulletins are yours for the asking - write direct to Dept. 2527.

TYPICAL OPERATING CHARACTERISTICS
CK7571/QK685 and CK7575/QK787

Anode Voltage 4 000 Vdc

Magnetic Focus Resolution 1,000 Lines (nominal)

Electrostatic Resolution 700 Lines (nominal)

Output capacitances:
CK7571/QK685 12 µAlf (nominal)

C K7575 -/Q K787 27 pyf (nominal)

Maximum Deflection Angle 30 Degrees

103

ao

TYPICAL RESOLUTION CURVE

60

CK7571/QK68...
CK7575/QK787.

20

100
500 600 700 900 900 1000 1100 1200

RESOLUTION (NUMBER OF TV LINES)

1303

INDUSTRIAL COMPONENTS DIVISION
57 Chapel Street, Newton 58, Massachusetts

Los Angeles - Normandy 5-4221 1AIlas - Fleetwood 1-4185 Chicago National 5-4000 Orlando - Garden 3-1553 New York -Wisconsin 7-6400

San Francisco - Fireside 1-7711 Kamm City - Plaza 3-5330 Cleveland - Winton 1-7716 Baltimore-Southfield 1-0450 Boston -- Bigelow 4-7500

GOVERNMENT SALES: BcAton -
Bigelow 4-7500  Washington, D.C. - Metropolitan 8-5205  Dayton - Baldwin 3-8128
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NWL WATER-COOLED SOLENOIDS

I.R.E.

SHOW
BOOTH
M-13

These water-cooled Solenoids produce high -intensity
magnetic fields. Nothelfer Solenoids are especially designed

to develop 140,000 ampere -turns and dissipate 50 kilowatts
of DC power in continuous operation.

To supply DC power for these and similar applications, NWL
furnishes polyphase transformers, rectifiers, saturable reactors

and manual or automatic control, as required.

These Solenoids are built by Nothelfer and designed by
Magnetic Specialties Inc., (a NWL associate). We shall be glad to

receive your specification and quote you accordingly.

ESTABLISHED 1920

SAY: NO-TEL-FER

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. E13, Trenton, N. J.
Specialists in Custom -Building

IRE New Products

Microwave Oscillator
Microwave oscillators, models 621 to
626 feature electronic sweep or CW
operation, 1 to 18 KMC (6 models),

quick look read-out, 0.5 tlsecs AM re-
sponse, 0.01 to 100 sweeps per sec.
Alfred Electronics. Booth 1633.

Circle 285 on Inquiry Card

Telemetering Transmitter
Model 1483 -Al, a true FM Telemeter-
ing Transmitter, is a completely
modularized missile transmitter. Out-

put is 2 to 6 w at 215 to 260 MC.
Carrier stability is 0.005%. Tele-
chrome Manufacturing Corp. Booth
3612.

Circle 286 on Inquiry Card

Transistor Tester
Dynamic Beta Transistor tester,
Model 870, measures large signal dc
Beta on power transistors as well as

small signal ac beta on low and
medium power transistors. Collector
test current variable up to 2 a.
Hickok E'ictrical Instrument Co.
Booth 361'6.

Circle 287 on Inquiry Card
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THOR

MACE

TITAN

HAWK

ATLAS

SNARK

NIKE B

BOMARC

NIKE ZEUS

SPARROW I

SPARROW II

SPARROW III

NIKE HERCULES

SIDEWINDER

REGULUS II

VANGUARD

REDSTONE

JUPITER C

PERSHING

BULL PUP

MERCURY

POLARIS

CORVUS

FALCON

Designs Assembly Savings /into
Critical Miy-olareAnstrument Bee BecmivsI

Helping customers simplify instrument assembly is a

specialty of the N/D engineering group. How? Through
creative Miniature/Instrument ball bearing application
and design. Often, a new ball bearing design will pro-
duce assembly savings in excess of its additional costs.
Integral ball bearings, too, very often cut down difficult
and costly hand assembly of shaft and parts.

A timely example of N/D customer assembly savings

can be seen in Nike Ajax and Hercules missile ground
support. Here, special N/D Instrument ball bearings are
now used in precision potentiometers. New Departure
engineers recommended eliminating two single row
instrument bearings, mounted in duplex and requiring
precision spacer and separate guide roller. They

Is
'VI I= "%1\61 CO I=

miniuxt-ruszem

replaced this assembly with a special N/D double row
high precision instrument ball bearing with integral
outer race guide roller . . . and shaft mounted with a
nut. This one recommendation produced cost savings
of over 400%! In turn, the customer was able to reduce

the potentiometer selling price to the government.
What's more, the New Departure Instrument Ball Bear-
ings improved potentiometer reliability!

You can look to minimum assembly costs and unsur-
passed reliability. Include an N/D Miniature/Instrument
Bearing Specialist in your early design level discussions.
For immediate information or assistance, call or write

Department L.S., New Departure Division, General
Motors Corporation, Bristol, Connecticut.

1'

1=Zt 1-=2
-1-121.1111/1EN'T BALL. BEARINGS

proved re//ability you con build around
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FAIRCHILD

SENSING

DEVICES

PROVEN

IN

FLIGHT

THIS

ASTRONAUT

WILL

BREATHE
THANKS TO

FAIRCHILD

PRESSURE

TRANSDUCERS

At the heart of the Capsule Pressurization System, built by Garrett Corporation's
AiResearch Division for the McDonnell Aircraft Corporation - as part of NASA'S
Project Mercury Space Vehicle - is a miniature (1.75" Diameter) FAIRCHILD
TPH-175 PRESSURE TRANSDUCER. It monitors the pressure of oxygen remaining
in the storage tank under the most severe environmental conditions.

A dual output transducer: One output goes to the astronaut's control panel,
reassures him that plenty of oxygen is still available. The second output goes
to the telemetering system for relay to ground control stations.

Another example of how Fairchild draws on the engineering skills that make
them the foremost manufacturer of high-performance precision sensing devices.

Fairchild components ... built and tested beyond the specs
for Reliability in Performance. Write Dept. 38E1.

225 Park Avenue
Hicksville, L. I., N. Y.

6111 E. Washington Blvd
Los Angeles, Cal.

IRC4111119
CONTROLS CORPORATION
1. COMPONENTS DIVISION

A Speen:fiery of Psercelle Camera ne Intromnt Corporation
%

GYROS

PRESSURE
TRANSDUCERS

POTENTIOMETERS

ACCELEROMETERS

Fairchild TPH-175 Pressure
Transducer has a dual output,
can take pressure from 0 to
10,000 psi and up to 100% over
pressure without damage. It is
hermetically sealed and filled
with silicone oil. Takes 75G
shocks and accelerations in each
of three axes without
damage. Twin spring
design eliminates all
linkages and pivots.

SUB -MINIATURE RATE GYROS

15/16" dia. by 2" long. Has uni-
form constant damping within
±15% from -40' to +200°F.
Takes 150 g's of shock, at low
maximum rates.

ACCELEROMETERS

Economical, pendulous accelero-
meter with torsion bar suspension
and reliable pot pick -off. Ac'curacy
values as low as +1/2%. Accelera-
tion range from +1/4 to ±50 G
from 4-40 cps.

PRECISION POTENTIOMETERS

The linear motion single turn type
shown is one of many high
reliability types available. Also
multi -turns and special designs.
Functional accuracy over life is
guaranteed.

226
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RF POWER STANDARDS

LABORATORY

equipment is used to establish a refer-ence standard of RF power to an accuracy of better than 1 %of absolute.

THE 64IN CALORIMETRIC WATTMETER establishes RF power
reference of an accuracy of 1 % of value read, and is used to
calibrate other wattmeters Five power scales, 0-3, 3-10, 10-30,
30-100, and 100-300 watts, are incorporated in the wattmeters
for use in the 0-3000 mcs range.
711N and 712N FEED -THROUGH WATTMETERS, after comparisonwith the 64IN, can be used continuously as secondary stand-ards and over the same frequency range as covered by the
primary standard. The MODEL 711N is a multirange instru-
ment covering power levels from 0 to 300 watts in three ranges,0-30, 30-75, and 75-300 watts. MODEL 712N covers powerlevels of 0 to 10 watts in three switch positions, 0-2.5, 2.5-5,
and 5-10 watts full scale.
636N and 603N RF LOAD RESISTORS absorb incident power
during measurements. MODEL 636N is rated at 600 watts,
and MODEL 603N is rated at 20 watts. Both models perform
satisfactorily over the entire frequency range to 3000 mcs.These loads, in conjunction with the MODELS 711N and
712N Feed -through Wattmeters, form excellent absorption typeWattmeters.
152N COAXIAL TUNER is used to decrease to 1.000 the residualVSWR in a load. The tuner is rated at 100 watts, and its
frequency range is 500-4000 mcs.
For more information on Tuners, Directional Couplers, R. F. Loads, etc., write

M. C. JONES ELECTRONICS CO., INC.
185 N. MAIN STREET, BRISTOL, CONN.

SUBSIDIARY OF

AVIATION CORPORATION

IRE New Products

Crystal Case Relay
Sub -miniature, 2 -pole relay has a
double throw bifurcated contact struc-
ture. One in. long and ILA oz., it is for
continuous operation in the -65 to

+125°C. range. Union Switch & Sig-
nal. Booth 2122.

Circle 271 on Inquiry Card

Dielectric Lens
The Bistatic Ecco Reflector, a

spherically symmetrical dielectric lens
with an associated spherical reflecting

surface, provides a reflectivity pat-
tern sharply peaked in the direction
of the transmitter. Emerson & Cum-
ing, Inc. Booth 1111.

Circle 272 on Inquiry Card

Epoxy Compound
Hysol 15-032, a flame retardant

flexible epoxy casting compound,

meets ASTM D635 -56T and MIL T27.
It snuffs out immediately upon re-
moval from Bunsen burner flame.
Hysol Corp. Booth 4231.

Circle 273 on Inquiry Card
228 Circle 122 on Inquiry Card
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IRE New Products

Taper Pin Connectors
Small, pin and socket type, connectors
in complex shapes, thin cross sections,
close tolerances, etc. Units eliminate

soldering operations and simplify
maintenance. Gries Reproducer Corp.
Booth 4110.

Circle 288 on Inquiry Card

Generator
Model 250 Powertron Electronic Gen-
erator supplies 250 va power at either
a fixed 400 CPS or a variable range

from 350 to 450 CPS. Output volt-
age continuously variable from 0 to
120 v. Industrial Test Equipment
Co. Booth 3513.

Circle 289 on Inquiry Card

Toroidal Inductors
New MT series of microminiature
Kernel toroidal inductors. The MT 34
Kernels are for frequencies to 30 KC

and can be supplied with inductances
to 500 mh. MT 35 series to 200 KC.
Burnell & Co., Inc. Booth 2909.

Circle 290 on Inquiry Card

REVERE
CUSTOM -

DESIGNED
MOLDED

HARNESSES

MEET YOUR.../ environmental conditions

I operating characteristics
/dimensional requirementsy

Specify "Revere" and you get the
design experience ... the production

know-how... the latest in integrated
facilities that have supplied harnesses

for many of the nation's ground sup-

port units, missiles, aircraft and space

vehicles. With Revere's wire and har-

ness equipment you get close quality

control from conductor to harness,
complete flexibility in configuration,

and prompt deliveries.

Revere Molded Harnesses, with molds

made at Revere, combine several ma-

terials or formulations to best meet
specific application demands of tem-

perature, bending, twisting, flexing,
vibration, current, voltage, shielding,

and others. Why not write or phone

us about your molded harness

requirements?

for Ground Support...
Missiles... Aircraft

CALL ON REVERE...
WHEN YOUR PROJECT RATES THE BEST
RATHER THAN "OFF -THE -SHELF" TREATMENT
when you want engineering abilities and specialized facilities

in the fields of:

Free! Send for
bulletin describing

our custom -designed,
molded harness

facilities.

Liquid Level Indication and Control
Flow Indication and Control
Flow Measurement

High Temperature Wire and Cable
Thermocouple Wire and Cable

Thermocouples, Harnesses and Leads

Electrical and Molded Harnesses

Weight, Force and Thrust Measurement
Determination of Center of Gravity
Strain Gage Load Cells

REVERE CORPORATION OF AMERICA/Wallingford, Conn.

One of Neptune Meter Company's Electronic subsidiaries
58
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4' N DIANA

GENERAL
CORPORATION

1

a new symbol of magnetic progress
LOUD -SPEAKER

INDOx V ceramic
permanent mag-
net provides high
energy level . . .reduces speaker
length and weight.

MEMORY SYSTEM
New microstack
unit for coincident
current memory
systems saves 90%
of space required
by conventional
stack, yet is more
reliable.

Two established leaders - Indiana Steel Products and
General Ceramics - Combine to Serve You Better

This trademark is the calling card of a new leader in science-agematerials - Indiana General Corporation. It is born of a union betweentwo established leaders - The Indiana Steel Products Company inpermanent magnets ... the General Ceramics Company in ferrites and
memory systems. Together, as Indiana General Corporation, they serveyou better by placing at your disposal the brains and resources of twoscientifically oriented concerns. Research and development have beenthe backbone of both of the original companies; both have records ofsignificant achievement in their particular fields.

Indiana General can help you "design -engineer" your products withthe latest magnetic innovations. If you have a design problem, theIndiana General sales engineer in your area will be most happy toadvise you. And, behind him, our experienced scientists and designengineers are available for consultations - at no cost or obligation.Write us outlining your problems.

MAGNETRON
Powerful Hyflux
ALNICO V magnets
improve perform-ance in many
types of micro-
wave equipment.

AUTOMATIC
DIRECTION FINDER

Ferramic"E"mag-
netic core materi-
al helped engi-
neers create a new
concept in aircraft
antenna design.

This is Indiana General Corporation
INDIANA STEEL PRODUCTS DIVISION Valparaiso, Indiana  Metallic and Ceramic Permanent Magnets
GENERAL CERAMICS DIVISION Keasbey, New Jersey  Ferrites, Memory Products, Technical Ceramics and Chemical Stoneware
ADVANCED VACUUM PRODUCTS (Subsidiary) Stamford, Connecticut  Alumina Ceramic -to -metal Hermetic Terminals
STEARNS MAGNETIC PRODUCTS DIVISION Milwaukee, Wisconsin  Magnetic Materials Handling and Separation Equipment
THE INDIANA STEEL PRODUCTS COMPANY OF CANADA LIMITED Kitchener, Ontario  Permanent Magnets and Stainless Steel Castings

If your product involves magnets or ferrites, Indiana General can help you make it better.
Visit us at the IRE Radio Engineering Show, booths: 1310-12-14-16

INDIANA GENERALCOR PORATION
VA L PA R Al SO, I N DIANA

230 Circle 124 on Inquiry Card
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International

Electronic Sources
Up-to-the-minute abstracts of articles appearing in

the leading foreign electronic engineering journals

IT
ANTENNAS. PROPAGATION

A Method of Antenna -Feeder Matching in
Multi -Band Radio Relay Lines, V. I. Krutikov.
"Radiotekh," 14, No. 11. 1959. 8 pp. Ferrite
rectifiers are normally used for matching
purposes at low powers and microwaves
shorter than 10-15 cm. Whenever it is incon-
venient to use them the method described in
this article is recommended. It consists of
rejector filters which provide a reflected volt-
age in the required magnitude and phase by
means of attenuators and correct spacing of
filters along the waveguide line. By this
means a reflection coefficient between the an-
tenna and the feeder not exceeding 2.5% in
each of the several 20 Mc bands with a spac-
ing of 40 Mc is obtained. The method was
tested out on a three -band waveguide system
with satisfactory results. (U.S.S.R.)

Determining the Conductivity of Soil by the
Attenuation of Radio Waves in it. V. E.
Kashprovskii. "Radiotekh," 14, No. 12. 1959.
7 pp. For the design of medium and long wave
antennas, location of broadcasting and naviga-
tional stations, etc., it is essential to know
the electrical parameters of the soil over
which the ground wave is propagated. The
most important parameter in practice is soil
conductivity, yet to date no simple and reliable
method of measuring it has been developed.
In this article the author outlines the theoreti-
cal considerations on which his new method
of measuring soil conductivity is based, de-
scribes the conditions under which it can be
applied, and the equipment required, and pro-
vides some of the results obtained by his
method. Essentially the method consists in
measuring the attenuation of the field strength
between the surface of the earth and some
point below it. Since the method is local and
envolves relative measurements, the apparatus
required is very simple and subsequent cal-
culations are not complicated. (U.S.S.R.)

Calculation of Losses in a Hyperbolic Lens
Antenna Illuminated by a Hertz Doublet.
I. F. Dobrovol'skii and V. P. Smirnov.
"Radiotekh," 14, No. 12. 1959. 5 pp. The
present practice of evaluating losses in lens
antennas is very inaccurate and does not take
into account the shape of the antenna. Cal-
culations were, therefore, made on the basis
of the lens antenna configuration of the
losses on account of the energy reflected from
the lens surface and heat losses in the lens
material. Calculations were made for the
case when the lens is illuminated by a Hertz
doublet. The formulas and graphs obtained
for this particular case can be used for
tentative estimations of losses in hyperbolic
lens antennas in general and for calculating
lenses for minimum loss conditions. (U.S.S.R.)

300 Ohm Radio Transmitter Aerial Exchange,
K. P. Carrey and P. Elias. "Proc. AIRE."
Nov. 1959. 5 pp. Modern radio transmitting
stations require a rapid, accurate yet elec-
trically efficient system for transmitter -aerial
switching in order that maximum operational
flexibility may be achieved. This paper dis-

cusses the general requirements of such sys-
tems, and describes a 300 ohm indoor aerial
exchange and associated transmission line
suitable for this purpose. (Australia.)

Passive Microwave Mirrors, R. G. Medhurst.
"E. & R. Eng." Dec. 1959. 7 pp. The per-
formance of a few special types of passive
reflector aerial systems have been evaluated
by methods involving considerable numerical
computation',3.4. In this article it is shown
that certain plausible assumptions concerning
the near field of the primary aerial lead to
quite a simple theoretical treatment applica-
ble to a variety of shapes of reflector. (En-
gland.)

AUDIO

Modern Acoustical Engineers, II. Electro-
Acoustical Installations in Large Theatres, D.
Kleis. "Phil. Tech." #2, 1960. The main
acoustical problems arising in theatres are
those relating to intelligibility, to the acoustics
for music and to the acoustics as they affect
actors and musicians. A satisfactory solution
iv to back up the performance with direct
and indirect sound from an electro-acoustical
installation. Theatres also need various electro-
acoustical facilities, such as monitoring and
paging systems, installations for the hard of
hearing, and so on. Television links have also
proved useful. (Netherlands. in English.)

pl4Z-1;t
CIRCUITS

The Attenuation and Phase Constants of Bal-
anced Hybrid Circuits, B. Hess and G. Kraus.
"Nach. Z." Oct. 1959. 7 pp. The transmission
properties of balanced pair hybrid circuits are
investigated more closely. Losses and addi-
tional circuit elements are also taken into
consideration. The numerical evaluation of
the formulae can be simplified by a graphical
method. (Germany.)

Negative Feedback Transistor Amplifier, R.
Dallemagne & P. Caniquit. "Cab. & Trans."
Oct. 1959. 10 pp. The application of transistors
to voice frequency telephone amplifiers and to
higher frequency amplifiers for multiplex
transmission systems with high feedback rates
makes it necessary to use direct coupling be-
tween successive amplifying stages. The au-
thors have built such amplifiers with two and
three stages and studied their operation as
voice frequency repeaters and as line ampli-
fiers for carrier current communication sys-
tems. (France.)

Diode Phase -Sensitive Detectors with Load, R.
Chidambaram and S. Krishman. "El. Eng."
Oct. 1969. 4 pp. A theoretical investigation of
the operation of the simple diode push-pull
phase -sensitive detector with load is carried
out. The transfer ratios for the two diodes

REGULARLY REVIEWED

AUSTRALIA

AWA Tech. Rev. AWA Technical Review
Proc. AIRE. Proceedings of the Institute of

Radio Engineers

CANADA
Can. Elec. Eng. Canadian Electronics Engi-

neering
El. & Comm. Electronics and Communications

ENGLAND
ATE J. ATE Journal
BBC Mono. BBC Engineering Monographs
Brit. C&E. British Communications & Elec-

tronics
E. & R. Eng. Electronic & Radio Engineer
El. Energy. Electrical Energy
GEC J. General Electrical Ca Journal
J. BIRE. Journal of the British Institution

of Radio Engineers
Proc. BIEE. Proceedings of Institute of

Electrical Engineers
Tech. Comm. Technical Communications

FRANCE
Ann. de Radio. Annales de Radloelectricfte
Bull. Fr. El. Bulletin de la Societe Fran -

raise desElectriciens
Cab. & Trans. Cables & Transmission
Comp. Rend. Comptes Rendus liebdomadaires
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Onde. L'Onde Electrique
Rev. Tech. Revue Technique
Telonde. Telonde
Toute R. Toute la Radio
Vide. Le Vide

GERMANY
AEG Prop. AEG Progress
Arc. El LI ber. Arad', der Elektrischen Uber-

tragung
El Rund. Electronische Rundschau
Freq. Frequenz
licchfreq. Hochfrequenz-technik and Electro-
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NTF. Nachrichtentechnische Fachberlchte
Nach. Z. Nachrichtentechnische Zeitachrlft
Rundfunk. Rundfunktechnische Mittellungen
Vak. Tech. Vakuum-Technik

POLAND
Arch. Auto. i Tel. Alehlwum Automatyki I
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Radio. Radio
Radiotek. Radiotekhnika
Rad. I Elek. Radiotekhnika I Ekktronika
lz. Acad. Bulletin of Academy of Sciences.
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 Photocopies of all foreign articles
are available at 75 cents per page,
remitted with order. Unless other-
wise indicated, articles appear in
language native to country of origin.

 A reprint of this section, "Interna-
tional Electronic Sources" is avail-
able without charge.

Requests for the above should be sent,
on company letterhead, to:

Electronic Sources Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts.
Philadelphia 39, Pa.
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Here's Why

The ORIGINAL
Tantalum Capacitor
Is Still The Best ...

Fansteel tantalum capacitors

... electrolytic and solid

types ... complete ratings

for all temperatures. Write

for latest technical bulletins.

Visit Us At Booths 4021-4022
IRE Show

Over 10 years of laboratory testing and millions of
applications in the field prove that Fansteel's pat-
ented shoulder and curl design provides the best
method of sealing a tantalum electrolytic capacitor.

...because the shoulder and curl design of the silver
case results in a spring action on the seal assembly
at all times.

... because this downward pressure and tension
remains constant throughout the capacitor's
temperature range.

... because two gaskets-one above, one below the
tantalum disk-create an air space, the only effec-
tive barrier against capillary action.

...because part of the upper gasket is formed into
the curl for a perfect seal between case and gasket
unaffected by varying temperatures.

...because all gasket materials are carefully selected
and controlled in their parameters so as not to
interfere with the curl's spring action.

... because there can be no loosening of the seal due
to compression set.
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Fansteel Rectifiers
SELENIUM

. . . products of almost 30 years of
Fansteel research and development in

adapting selenium to rectifiers and
perfecting cell designs that are

now standards for industry.

Fansteel Selenium Rectifiers offer
practically unlimited life with no

maintenance. Instantaneous power
with negligible leakage. Over 400,000
different stack combinations readily
available in almost unlimited power

ratings, any standard cell size or circuit.

Fansteel selenium cells are produced in
dust -free, conditioned -air surroundings

and undergo rigid testing for work-
manship, performance and reliability.

Fansteel Rectifiers
SILICON
...d -c power so-_-_rces for all applications

requiring higriest reliability under
severe ervioe zonditions. Produced
under exacting "white room"
conditions using finest -quality
materi als.Tlxrough, 100% testing
assure= peak performance.

22 amp., 35 xmica. and 75 amp. types, AN Seiies,

individual or i I stack assemblies
with bi dge, :a -ter tap or doubler circai-s.

Write for E. illetins

FANSTEEL METALLURGICAL CORPORATION

North Chicago, Ill., U.S.A.
RELIABILITY ')
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FABRICATED

ELECTRO-PLATED

MOLDED

IN THE DESIGN OR PRODUCTION OF

CUSTOM SLIP RING ASSEMBLIES...
. . . at Breeze. With the depth of design
and production capabilities and facilities
at Breeze Corporations, your slip ring re-
quirements are met without compromise.
Breeze produces custom slip ring assem-
blies by all of the reliable methods and
techniques, thus assuring you of a unit
tailored to meet your unique requirement.

Let Breeze provide you with an uncom-
promised design and production analysis
before you buy.

You'll want a copy of the new Breeze
catalog 66SR which describes a wide range
of custom units as well as Breeze
standard slip ring assemblies.

BREEZE CORPORATIONS, INC.
700 Liberty Avenue, Union, New Jersey  Telephone: MUrdock 6-4000

Manufacturers of electrical, electro-mechanical and hydro -mechanical
components and systems and fabricated metal products.
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are found to vary considerably with the sig-
nal. The non -linearity in the output due to
these variations is evaluated and a table is
given from which the suitability of a given
detector may be judged immediately. Experi-
ments confirm quantitatively the theoretical
results. (England.)

An Investigation into Some Aspects of Diode
Quantizing Circuits, H. V. Bell and W. Alex-
ander. "El. Eng." Oct. 1969. 5 pp. Quantiza-
tion is defined and some past work on diode
quantizers is reviewed. Three circuits are
compared both theoretically and by measure-
ment, and the results presented. A possible
application of these circuits is then described.
(England.)

The Design of Transistor Push -Pull DC Con-
verters, W. L. Stephenson, et al. "El. Eng."
Oct. 1959. 5 pp. There are many methods by
which dc may be converted from low to high
voltage using some oscillating device, but one
of the most efficient methods uses a transistor
square wave oscillator controlled by a saturat-
ing transformer. For such a system design
formulae are derived in terms of operating
parameters. Most of the practical limitations
and difficulties are outlined, but are not dis-
cussed in detail as individual solutions are
usually required. (England.)

Optimum Tchebycheff Third -Order Filters, H.
S. Heaps and L. J. Mason. "E. & R. Eng."
Oct. 1959. 4 pp. An analysis is presented to
determine the optimum design of a Tcheby-
cheff low-pass, third -order filter to detect a
rectangular pulsed signal upon a background
of white noise. It is found that for a given
length of input pulse the signal-to-noise ratio
in a sample of the output is almost indepen-
dent of the value of the filter parameter
1 chosen between zero and unity). (England.)

A Small, High Voltage, Regulated Power Sup-
ply with Variable Output, J. D. O'Toole. "El.
Eng." Nov. 1959. 3 pp. An increasing field of
application exists for high voltage power sup-
plies with stable outputs, without any require-
ment for large amounts of power. The needs
of this field appear to have been imperfectly
satisfied due to apparent limitations of avail-
able small valves. (England.)

A Delta Modulation System Using Junction
Transistors, B. E. Williams. "El. Eng." Nov.
1959. 7 pp. A delta modulation system, operat-
ing at a digit frequency of 14 kc/s, is de-
scribed which provides a simplex speech link
with good intelligibility. The equipment has
only one manual control, the press -to -talk
switch, other adjustments being preset or
made automatically. The receiver regenerates
the incoming signal by voltage and time slic-
ing before feeding the decoder. (England.)

Nonlinear Distortion in Transistor Amplifiers
with Automatic Gain Control. E. P.
Dement'ev. "Radiotekh" 14, No. 11. 1959. 9

pp. Reasons for nonlinear distortion in auto-
matic gain control by means of the collector
voltage and the emitter current are examined.
The analysis is made on the assumption that
in the region of small emitter currents dis-
tortions are caused only by the nonlinearity
of the emitter characteristic and in the region
of small collector voltages only by the non -
linearity of the initial section of the collector
characteristic. Distortions with a resistive
and a tuned circuit load are considered. The
basic quantitative relations are established.
U.S.S.R.)

Design for a Frame Sweep Oscillator Final
Stage, A. A. Zakharov. "Radiotekh," 14, No.
11. 1959. 9 pp. The operation of the final.
amplifying stage of a frame sweep oscillator
with a choke and transformer coupling is

analyzed. The anode current of a choke
coupled amplifier is determined by considering
its five components. The excitation voltage
is calculated from a load line which is made
to coincide with the ideal case at three points.
Design formulas are given for the bias volt-
age. cathode resistor and the peaking resistor.
Similar calculations are made for the trans-
former coupled case. The application of the
formulas provides a design with a deflection
current of good linearity. (U.S.S.R.)

International ELECTRONIC SOURCES
An Autotransformer Circuit for High -Fre-
quency Correction of an RC Amplifier, V. P.
Shasherin. "Radiotekh," 14, No. 11. 1959. 8

pp. A special fourth order correcting circuit
is described which provides by means of
mutual induction between two tuned circuits
the possibility of selecting optimum correct-
ing parameters without altering the fixed
stray capacities in the circuit. This is
achieved at the cost of additional attenuation
due to "reflected" resistance without intro-
ducing, however, any additional resistors in
the circuit. This circuit provides a wider
bandwidth than higher order and more com-
plicated correcting circuits. Test results of
pentode RC amplifying stages with a gain
up to 10 confirm the calculations. At higher
gains calculated and experimental results differ
owing to larger mutual inductances involving
increased stray capacities. (U.S.S.R.)

Analysis of Complicated Electronic Circuits,
L. Ya. Nagornyi and V. P. Sigorskii. "Radio-
tekh," 14, No. 12. 1959. 10 pp. Analytical
expressions for modern very complicated elec-
tical circuits are difficult to obtain. The
problem is simplified by using generalized
methods of nodal voltages and circuit cur-
rents. By this method basic parameters of an
equivalent quadripole, such as input and out-
put impedances, voltage and current transfer
constants, transfer impedances and admit-
tances, were expressed by means of a de-
terminant of the circuit matrix included in
the quadripole and by its algebraic comple-
ment. The majority of circuits can be repre-
sented by means of quadripoles. The expres-
sions of the main complex quantities were
investigated by means of conformal trans-
formations. The techniques employed is il-
lustrated by examples. (U.S.S.R.)

The Resistance Network, a Simple and Ac-
curate Aid to the Solution of Potential Prob-
lems, J. C. Francken. "Phil. Tech." #1.
1960. 14 pp. A resistance network can be
used to solve Laplace's equation for given
boundary conditions. Conditions which must
be satisfied by the resistance values, for both
the two-dimensional and the rotationally -sym-
metric three-dimensional cases, are worked out
in the article. (Netherlands, in English.)

Cold -Cathode Tube Circuits-Basic Elements
for Automatic Control, H. Liebendorfer. "E.
& R. Eng." Dec. 1959. 7 pp. (England.)

Multistage Amplifier Stability, L. G. Crippa.
"E. & R. Eng." Dec. 1959. 4 pp. The sta-
bility of an amplifier consisting of N cas-
caded stages is considered for the two cases
(a) where the stability factor of all the
stages are equal before cascading, and (b)
where the stability factors of all the stages
are equal after cascading. A short discussion
of the results is given. (England.)

C
COMMUNICATIONS

Effect of a Strong Interfering Signal on the
Input of a Radio Receiver, L. M. Kononovich.
"Radiotekh." 14, No. 11. 1969. 7 pp. A
strong sinusoidal signal outside the receiver
frequency band can decrease or increase the
gain of the RF and even Mixer stages owing
to changes in their biasing. The selection of
the most suitable tubes and biasing for great-
est interference resistance and highest gain
are suggested. The best biasing for minimum
secondary modulation is given. Tubes with
the minimum mutual conductance to anode
current ratio at zero biasing are found to be
the most noise -proof. It is shown that with
a suitable selection of tubes and operating
conditions it is possible to obtain a larger
signal to noise ratio at the output of the
amplifying stage than at its input. Calcula-
tions were confirmed experimentally. (U.S.
S.R.)

Evaluation of the Carrying Capacity of Com-
munication Channels with Parameters Varying
at Random, Ya. I. Khurgin. "Radiotekh," 14,

No. 12. 1959. 9 pp. The carrying capacity
of single and multi -beam communication
channels is evaluated with the assumption
that the transmitted signal, the propagation
constant of the medium, the propagation time
and the additive noise are all mutually inde-
pendent stationary random processes. As an
example the carrying capacity of a single -

beam channel is calculated taking into ac-
count propagation time and additive noise
fluctuations. (U.S.S.R.)

Magnetic Circuits for Contacts Hermetically
Sealed in a Protective Gas Atmosphere, H.
Rensch. "Nach. Z." Dec. 1959. 5 pp. This
paper is a report on a switching element for
telecommunications which now finds more
widespread application in Germany and in
which the magnetic path and the electric path
are identical in the region of the contact.
(Germany.)

The Distribution Law and the Addition
Theorem for Traffic Sources and Line Lengths
in Radial Networks with Square Boundaries,
H. Kremer. "Nach. Z." Dec. 1959. 3 pp.
The distribution law and the addition theorems
for traffic sources and the line lengths within
a square boundary subscriber region are de-
rived. The addition theorems are compared
with observed sum curves for a subscriber
region with irregular boundaries. (Germany.)

A VF -Telegraphy System with Transistors for
Narrow Band FM, H. Heller. "Nach. Z."
Dec. 1969. 7 pp. The economical and technical
considerations are outlined which have led
to an optimum design of an FM -VF -telegraphy
system with a channel spacing of 120 c/s and
a bandwith of 80 c/s and an outlay comparable
with AM -systems. The problems of the choice
of frequency deviation, transmission function
and phase equalization and the circuit prin-
ciple applied to this system are discussed.

Germany.)

On Registration Precision of Magnetic Tape
Recording, H. Volz. "El. Rund." Jan. 1960.
3 pp. By means of information theory the
conception registration precision is defined
also for more complicated transmission sys-
tems by example of magnetic tape channel.
Its capacity is calculated by the three possible
distorting influences (signal to noise ratio,
noising AM and FM) of the general steady
channel. The maximum obtainable registra-
tion prevision may be derived from this.
(Germany.)

A Wide -Band Triode Amplifier with an Output
of 10 W at 4000 Mc/s, J. P. M. Gieles & G.
Andrieux. "Phil. Tech." #2, 1960. 6 pp.
The construction and properties of an ampli-
fier developed for the EC 59 disc -seal triode
are described. The main differences between
this amplifier and one earlier designed for the
EC 157 are concerned with matching the tube
to the input and output waveguides and with
the fact that water cooling is necessary with
the EC 59. (Netherlands, in English.)

The New South Wales North Coast Trunk
Radio Network, J. D. Thomson & B. W. G.

Penhall. "Proc. AIRE." Oct. 1969. 11 pp.
The heavy 1955 floods had a calamitous effect
on truck communications in the New South
Wales North Coast area. Because of its nature,
a radio network would have continued working
under similar circumstances and the plan for
the use of such a network is described in
three main categories. (Australia.)

A Review of Long Distance Radio Communica-
tion, O. L. Wirsu. "Proc. AIRE." Oct. 1959.
7 pp. A general review is given of (a) the
methods adopted to improve the performance
of the older communication methods, viz. sin-
gle sideband operation, automatic error cor-
rection, bandwidth restriction and rhombic
aerials and (b) the new communications sys-
tems using scatter propagation waveguide
transmission, repeatered submarine cables and
satellite relay transmission. (Australia.)

Automatic Error Discrimination and Correc-
tion in Radio Teletype Systems, W. J. Grif-
fiths. "Proc. AIRE." Oct. 1959. 10 pp. The
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efficiency and reliability of automatic tele-
type systems may be improved by the elec-
trical recognition of an error at the time of
reception followed by repetition of the mutil-
ated signal. Error detection is based either
upon special codes or the rejection of signals
falling below a certain threshold. The opera-
tion of two equipments upon these systems is

described. (Australia.)

Inter -Relation and Combination of Various
Types of Modulation, W. D. Meewezen. "Proc.
AIRE." Oct. 1959. 9 pp. An examination
of the frequency distribution of the power in
typical broadcast signals shows that low
deviation phase modulation (PM) should have
advantages over amplitude (AM) and fre-
quency modulation (FM). A method of stereo
broadcasting is also proposed in which the
sum of the two channels is transmitted as
AM and the difference as PM. (Australia.)

Correlation between Fading Signals, J. Bell.
"El. Tech." Jan. 1960. 5 pp. Simple re-
sistance -capacitance circuits enable the posi-
tive rectified fading signals, obtained at the
outputs of two conventional radio -receivers,
to be made to fluctuate about zero. The in-
stantaneous sum and the instantaneous differ-
ence of the fluctuations are then separately
squared, smoothed, and displayed continuously
on pen recordings. (England.)

Communication Efficiency of Vocoders, A. R.
Billings. "E. & R. Eng." Dec. 1959. 6 pp.
To compare communication and bandwidth
compression systems, a term communication
efficiency is introduced which is defined as the
ratio of the actual rate of transmission of
information to the rate at which it would be
transmitted by an ideal system subjected to
the same restrictions. (England.)

COMPONENTS

Effect of the Steepness of the Input Pulse
Front in Pulse Transformers, L. Z. Gogolitsyn.
"Radiotekh," 14, No. 11. 1959. 3 pp. The
effect of the rate at which the input signal
front rises on the output signal front in
pulse transformers is investigated. Formulas
and graph are given for the election of de-
sign parameters which provide the required
output signal front shape for a given duration
of the input signal front rise which varies
according to the exponential law. The shape
of the output pulse can be determined more
accurately if the final rate of rise of the input
pulse front is takes into consideration. The
formulas can be used for designing pulse
transformers. (U.S.S.R.)

Low Frequency Varicaps, L. S. Berman,
A. P. Landsman and V. K. Subashiev. "Radio-
tekh," 14, No. 12. 1959. 2 pp. Low frequency
semiconductor variable capacitors covering the
range from a few hundred cps to a few tens
of KC with a minimum Q = 10 are de-
scribed. They are made of monocrystalline
silicon in the form of discs 3-6 cm in diam-
eter. Their capacity per unit of p -n junction,
without an external voltage, lies between
0.02-0.03 microfarad/cm2. Their capacity is
little affected by temperature. (U.S.S.R.)

The Effect of Crystal Resonator Loading on
the Frequency Stability of Crystal Oscillators.
G. B. Al'tshuller. "radiotekh," 14, No. 12.

1969. 5 pp. Since in miniaturized equipment
a relatively high output voltage of crystal
oscillators is required, the effect of their
loading on frequency stability becomes im-
portant. This effect is studied in the range
of 4-12 Mc with crystal resonators which use
metallized plates and transverse oscillations.
Formulas for calculating the heating -up tem-
perature of crystal plates are given and the
technique of evaluating the frequency in-
stability of crystal oscillators outlined.
(U.S.S.R.)

International ELECTRONIC SOURCES

Equivalent Circuits of Ferrite Cores for a

Wide Frequency Band, Yu. P. Mel'nikov.
"Radiotekh," 14, No. 12. 1959. 11 pp. In
milli -micro -second pulse transformers core
losses cannot be ignored. Suitable cores for
such transformers can only be selected with
the knowledge of the high -frequency prop-
erties of ferrites. Yet the frequency char-
acteristics of the material do not provide a
convenient means of evaluating the HF prop-
erties of the cores; equivalent circuits are
more convenient for this purpose. Several

equivalent circuits of ferrite cores whose
parameters are related with the frequency
characteristics of the material are suggested.
Simple formulas for determining these param-
eters are given. (U.S.S.R.)

COMPUTERS

Digital Analogues, A. V. Shileiko. "Avto
Tel." Dec. 1959. 11 pp. A systematic sur-
vey of devices of a new class called in the
paper digital analogues is presented. The term
digital analogues is used for the digital dif-
ferential analyzers, incremental computers and
some function generators, the input and out-
put of the generators being in form of the
delta -modulation of the pulse train. The
theoretical concepts of the digital analogues
are formulated and their characteristics are
compared with those of electronic digital and
analogue computers, the computer being as-
sumed as an equivalent circuit which converts
input signals. The product of resolution and
frequency band of this circuit is taken for
a figure of merit in comparing computers of
different classes. (U.S.S.R.)

Equipments for the Datamation of Measured
Traffic Units, A. Tonn & W. Tanzer. "Nach.
Z." Dec. 1959. 5 pp. A program -controlled
and datamating multi -purpose measurement
method for a simultaneous analogue and digi-
tal determination of measured quantities is

discussed. This new equipment consists of a
50 -digit recording and controlling device, a
25 -digit counter printer and a maximum value
fault indicator. Its versatile applications are
explained by means of practical examples from
telecommunications. (Germany.)

cEE-D
CONTROLS

Pontrjagin Maximum Principle in the Theory
of Optimum Systems. III, L. I. Rozonoer.
"Avto i Tel." Dec. 1959. 18 pp. The most
important problems of automatic control
which are connected with proofing and us-
ing Pontrjagin maximum principle in the
theory of optimum systems are expounded.
The paper yields some new results. (U.S.S.R.)

Magnetic Logical Units for Automatic Con-
trol Circuits, N. P. Vasilieva, N. L. Pro-
khorov. "Avto i Tel." Dec. 1959. 12 pp.
Logical unit circuits of main types based on
magnetic cores and crystal diodes are con-
sidered. Comparative evaluating of these
snits is given. (U.S.S.R.)

Frequency Method to Determine Dynamic
Characteristics by Normal Operating Records,
V. V. Solodovnikov, A. S. Uskov. "Avto
Tel." Dec. 1969. 9 pp. The frequency
method for determining dynamic character-
istics by normal operating records is described.
The systems with time -delay and several in-
puts as well as multipath systems with noises
are considered. The analysis is made sup-
posing the random processes are stationary
and ergodic and the systems are stable.
(U.S.S.R.)

On Synthesis of Linear Variable Control Sys-
tems, S. V. Malchikov. "Avto i Tel." Dec.

1969. 7 pp. A determination of optimum
weight functions of compensation elements,
used both in the direct system circuit and in
the feedback circuit, by a system optimum
weight function and weight functions of the
known separate elements is described. The
method suggested makes it possible to remove
difficulties of solving Volteurr first order in-

tegral equations. (U.S.S.R.)

Synthesis of Elements of Automatic Linear
Control Systems, I. A. Orurk. "Avto i Tel."
Dec. 1959. 8 pp. The synthesis method of
elements of automatic control linear systems
is described. The method is based on using
time characteristics and ratios obtained from
integral polynomial equations and on using
the D -plot of parameters plane. The method
may be used when programming synthesis
problems on computers. (U.S.S.R.)

Frequency Responses of Relay Control Sys-
tems, Ya. Z. Tspkin. "Avto i Tel." Dec.

1959. 8 pp. A way of plotting accurate
amplitude -frequency and phase -frequency
characteristics of relay control systems for
an outer periodic disturbance of an arbitrary
form is described. This method is based on
conception of the generalized characteristic
of the relay system. The special case of this
characteristic is used to investigate periodic
modes. Examples are given to illustrate the
method described. (U.S.S.R.)

Analysis of Control Systems Tracking Failure
Due to Fluctuation Noise Influence, I. A.

Bolshakov. "Avto i Tel." Dec. 1959. 12 pp.
Using Fokker-Planck equations there is
analyzed control system tracking failure due
to intense fluctuation noise influence. The
boundary problem in which the failure is an
increase of the system tracking error over
certain value is solved by Ritz-Galerkin
method. The results are used to analyze noise
stability of the system of automatic frequency
control of the continuous signal receiver.
(U.S.S.R.)

On Calculation of Mean -Square Error of
Yielding Stationary Random Signal by Linear
Control System, N. I. Sokolov. "Avto i Tel."
Dec. 1959. 12 pp. The formula for approxi-
mate calculation of a convolution integral is
proposed that provides a high accuracy at a
large integration step. There is given a
method of an approximate solution of integral
equations that permits to quickly calculate a
mean -square error of yielding a stationary
random signal by an automatic control sys-
tem. (U.S.S.R.)

MEASURE & TESTING

Electronic Strain Measurement - Modern
Answers to an Old Problem, G. Hitchcox &
L. W. Harrison. "Brit. C.&E." Dec. 1959. 6

pp. Strain measurement is growing in im-
portance and popularity at a time when mod-
ern electronic techniques, especially the use
of transistors, are giving increased accuracy
and convenience. This article reviews the
general problem, and describes recent progress,
especially in instruments using resistance and
acoustic gauges. (England.)

Tape Recorders for Scientific Purposes, F. Cul-
basch. "El. Rund." Nov. 1959. 2 pp. To

date tape recorders for scientific purposes
have hardly been used in Germany. The author
has compiled a list of versatile applications,
and shows the various recording methods pos-
sible when various electrical and designing
possibilities are skillfully utilized. (Germany.)
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See LENZ, of course!
Whether for Electronic Control Equipment, Public Address
or Inter-Com Systems, you'll want a cable that is just right
for the job Whatever your mechanical or electrical require-
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Organized in 1904, with a half century of wire and cable
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Sources
The Telepulse Remote Gauging System, A. C.
Ferguson & I. W. F. Paterson. "Brit. C.&E."
Dec. 1959. 4 pp. A pulse telemetry system
is described for the remote indication of
liquid level and temperature in oil refineries
and tank farms. (England.)

Generator Load -Angle Measuring Equipment
for Marchwood, N. S. Annis. "Brit. C.&E."
Dec. 1959. 4 pp. A digital technique is de-
scribed for the direct on -site measurement of
generator load angle. In this particular in-
stallation, indication is also provided in the
plant control room for general observation
and recording purposes. (England.)

The Ferrometric Method of Testing the Mag-netic Properties of Ferromagnetic Materials,
M. Nalecz B. Osuchiowska. "Roz. Elek." Vol.V, No. 2. 21 pp. The Theoretical foundations
of the measurement of the magnetic proper-ties of ferromagnetic materials are presentedin the paper. Some of the ferrometric sys-
tems are described. The paper gives the re-
sults of measurement= which have been per-formed in the Electrotechnic Laboratory of
the Polish Academy of Sciences. (Poland)

Frequency Spectrum Display of Modulated
R -F Voltages, J. Czech. "El Rund." Nov.
1959. 2 pp. The paper shows a relatively
simple method of displaying with an oscillo-
scope the amplitude -modulated carrier as well
as both sidebands and their amplitudes. The
frequencies of carrier and sidebands are fre-
quency -modulated by the horizontal -sweep
frequency of the oscilloscopes. (Germany).

V.S.W.R. Indicators with Automatic Read -
Out, M. Kollanyi, and R. M. Verran. "El.
Eng." Nov. 1959. 6 pp. An automatic indi-
cator giving a direct read-out either on a
meter or a digital display unit can replace
the conventional V.S.W.R. indicator with its
time taking adjustments. The circuits can be
used with any slotted line or equivalent de-
vice. A single movement of the probe car-
riage is all that is necessary for the instru.
ment to supply the correct VSWR reading.
(England).

An Amplitude Distribution Meter, M. Dray -

son. "El. Eng." Oct. 1959. 7 pp. The signifi
surements is described, and a brief outline
cance of signal amplitude distribution mea-
of the methematical expression of amplitude
distribution is given, with particluar reference
to the approximations involved in any practi-
cal measuring system. A novel kind of wave-
form sampling device has been produced,
which permits measurements to a resolution
of at least 1%, and an account of this is
followed by a detailed description of the cir-
cuits associated with it. (England.)

Providing a Precise Vector Voltage, D. J.
Collins, and J. E. Smith. "El Eng." Nov.
1959. 2 pp. The article deals with a possible
system for producing a precise vector voltage
which can be of any amplitude less than
reference and of a phase relationship between
0 and 360°. Such a system is of great use
in the calibration of phase shifters and phase
measuring devices. (England).

Peculiarity of Processes in Lines with a Zero
Potential Conductor. V. A. Solov'ev. "Radio-
tekh," 14, No. 12 (1959). 4 pp. By means of
infinite lines with a zero potential conductor
it is possible to obtain pulses of half the
width as compared with short or open cir-
cuited lines with the same delay. Pulse shap-
ing can be made without losing the direct com-
ponent or switching the charging and dis-
charging line circuits. By means of zero
potential conductor lines it is possible to form
simple pulse shaping, and pulse amplitude and
polarity changing circuits. Above properties
of the lines are useful in time selector cir-
cuits. Best results are obtained with lines
having evenly distributed constants. (U.S.S.R.)
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SPECIAL 1960 IRE SHOW OFFER!
BRING THE COUPON BELOW AND RECEIVE YOUR COPY OF THIS BRAND NEW

ZENER DIODE
APPLICATION
HANDBOOK
FREE*
AT THE INTERNATIONAL
RECTIFIER BOOTHS 2901-3
10,000 first edition copies of this valuable, comprehensive
Zener Diode Handbook have been set aside for distribution
during the 1960 IRE Show. This circuit design book con-

tains an extensive introduction to semiconductor theory and

reverse breakdown characteristics of these voltage regulat-
ing devices, plus chapters on: audio and RF applications,
a.c. applications, d.c. applications, and computer and in-
strumentation applications. Fully illustrated with circuits,
graphs and tables to describe these devices in detail. Cop-

ies will be distributed free to showgoers who present the
coupon at the booth. For those who do not bring a coupon,
copies will be available at the booth for $1.00.

This book will go on sale at all International Rectifier
Authorized Distributors at $2.00 per copy on May 1,1960.

SEE these newest additions to the industry's widest line of semiconductor rectifiers!

1, 10 and 16 amp silicon
controlled rectifiers!

complete series high -
temperature 6 and 12
amp diffused junction
silicon rectifiers!

* SPECIAL OFFER TO THOSE WHO

DO NOT ATTEND THE IRE SHOW
If you can't make the IRE Show, but would still like a
copy of this handbook for your engineering library, fill
out the coupon and mail it with $1.00, check, or money

order to Zener Handbook Department, International
Rectifier Corporation, El Segundo, California. No
C.O.D.'s or purchase orders, please. This offer expires

lay 1, 1960.

complete range of
plug-in silicon rectifier
equivalents to vacuum
tube types.

ZENER HANDBOOK
International Rectifier Corporation
El Segundo, California

Name

Company

Address

Home Address I can't attend. Please send me the new International Rectifier

Zener Handbook. Enclosed find $1.00 to cover postage and handling.

M13 IM SU NM 10Y1Mt NW WO 04 Of INF WIN IN NEM IllEt

complete line of silicon
solar cells, including
computer readout
matrices.

Title
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ASTRON SOLID
TANTALUM

CAPACITORS

stability
WELD

INSULATING -1"
WASHER

SOLDER
ENCAPSULATION

TINNED
METAL
CASE

SOLDERABLE
LEADS

FOR COMPLETE
INFORMATION WRITE

TODAY FOR BULLETIN
E. 6 75A AND FOR

ASTRON 'S DESIGN
ENGINEER

PUBLICATION,
TECHNIQUES,

VOL. 5 9 , NO. 2

GLASS
TERMINAL

METAL
SPRAY

COATING

TANTALUM
ANODE

COMPARE IN
CAPACITANCE
STABILITY
WITH QUALITY PAPER
CAPACITORS

The temperature coefficient
of capacitance of Astron
Tantalum Solid Electrolyte
Capacitors is typically less than
500 ppm/°C, and production
capacitance tolerances are
available as close as ±5%. The
estimated shelf life is
20 years.

 125° C operation
 Rugged construction
 Capacitance stability
 Subminiature
 Dry, solid construction
 Meets MIL specifications

TYPICAL CAPACITY AND DISSIPATION FACTOR VS. TEMPERATURE
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TYPICAL CAPACITANCE CHANGE WITH LIFE

500 1000 1500
HOURS ON TEST

2000

CON RAT TI
255 Grant Avenue
East Newark, New Jersey

SPECIALISTS IN CAPACITOR MINIATURIZATION

Sources
Investigation of Methods for Preserving a
High Accuracy of Scale Calibration by Means
of Mechanical Correction and a Reference
Oscillator. M. E. Movshovich. "Radiotekh,"
14, No. 11 (1959). 7 pp. Optimum condi-
tions for induction, capacity and combined
trimming and pointer correction of logarith-
mic, straight-line, and straight and inverse
square -law tuning capacitors of heterodyne
oscillators in receiving sets is investigated by
means of Chebyshev's minimum deviation
theorem. The relations thus obtained deter-
mine the position of reference graduations,
the limits of corrections and the values of
the possible correction errors. The formulas
also provide the maximum possible and the
most probable scale calibration errors. The
effect of the instability of the reference oscilla-
tor and the intermediate frequency amplifier
on the calibrations is studied. (U.S.S.R.)

The Problem of Coefficient Determination of
Optimum Pulse Transient Function, A. M.
Perelman. "Avto i Tel." Dec. 1969. 4 pp.
There is given the formula for the coefficient
determination of the optimum, under flat
noise, pulse transient function of the system.
The formula does not require any complicated
solution of an algebraic linear equation sys-
tem when the desired signal is a high order
polynomial. (U.S.S.R.)

An Instrument for Determining Frequence
Responses of Non -Linear Systems, K. V.
Zakharov, V. K. Svjatodukh. "Avto i Tel."
Dec. 1969. 8 pp. The existing methods of
harmonic analysis used in experimental de-
termination of frequency responses of non-
linear automatic control systems require
preliminary record of input signals of the
systems investigated. The circuit and the
operation of a new electronic instrument
which permits to very accurately determine
the said frequency responses for f=0.25/50
Hz during the experiment is described.
(U.S.S.R.)

A Slotted Lecher Line for Impedance Mea-
surements in the Metric and Decimetric Wave
Bands, G. Schiefer. "Phil. Tech." #3, 1960.
4 pp. For impedance measurements on bal-
anced objects in the V.H.F. bands (80-300
Mc/s), a balanced, screened transmission line
about 2 meters long has been designed in the
Philips Laboratory at Aachen. The character-
istic impedance is approx. 105 ohms. (Nether-
lands, in English.)

The Teleprinter Distortion Indicator, an Auto-
matic Test Equipment, E. Schenk. "Nach. Z."
Dec. 1969. 4 pp. An electronic indicator for
relative distortions of teleprinter signals has
been developed and this equipment gives an
alarm when the distortion of these signals
exceeds a preadjusted maximum value.
(Germany.)

Orthonull-A Mechanical Device for Bridge
Balance, H. P. Hall. "El. Rund." Jan. 1960.
3 pp. Orthonull delivers a quick convergence
of the bridge balance in impedance bridges,
even if the quality of the measured object is
small, and eliminates the sliding null. The
precision of the bridge is not influenced, the
Orthonull being a special balance type. The
practical result is the increase of the pre-
cision at low quality values, "false null"
error being avoided. (Germany.)

The Hall Generator and Its Use in Measure-
ment Technique, F. Kuhrt. "El. Rund." Jan.
1960. 4 pp. The intermetallic connection semi-
conductors indiumantimonide and indiumar-
senide render possible the production of
powerful Hall generators. Their electric
properties are discussed. Among the applica-
tion examples from the measurement tech-
nique there are discussed: measurement of
magnetic fields, power measurement and
power oscillograms, contactless signalling,
transfer of smallest movements in electrical
voltage as well as the static interrogation of
magnetic diagrams. (Germany.)See us of the IRE - Booth 2602
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Good anywhere in
This system adds greatly to your credit when applied
to the development of communications, telemetering,
control and other devices. Under terms of membership,
a wide range of toroids, filters and related networks are
available. These include a complete line of inductors,
low pass, high pass and band pass filters employing the
new micro -miniature fli/CRO/D ® coils so valuable in
transistorized circuitry. Type _ALP andfilLIEWICROIDS
are micro -miniature counterparts of the popular Burnell
types TCL and TCH low pass and high pass filters. The
band pass filter results when cascading a TCL with a
TCH filter.

Sizes ofd and 400 cps to 1.9 kcs- 1%6 x 11';16 x 1/2
2 kcs to 4.9 kcs- 1%6 x 1% x
5 kcs and up - x 15ie x

Weight of all MLP and MHP Is,lieroids-approx. .3 ozs. each

Send now for your free membership card in the Space
Shrinkers Club. And if you don't already have our

c73~,Xsa8n67.
PIONEERS IN mtcrorniniaturaatIon OF
TOROIDS. FILTERS AND RELATED NETWORKS

or out of this world
Catalogue #104 describing Burnell's full line of toroids,
filters, and related networks, please ask for it.

FREQUENCY

I 3 .625F lc 1.6P 3 5 10
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O
oa

20
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z
11' 40

50

-Ng LOW PASS FILTER

ICROID

TYPE JALP &

MI LP HIGH PASS FILTER -

tyN
Note: First informal meeting of Club members will
be held in Burnell Booths 2909-2910 during the
IRE Show, New York Coliseum, March 21-24. See
you there.

EASTERN DIVISION
DEPT. 1-30

10 PELHAM PARKWAY
PELHAM, N. Y.
PELHAM 8-5000

TELETYPE: PELHAM 3633

PACIFIC DIVISION
DEPT. 1-30
720 MISSION ST.
SOUTH PASADENA. CAL.
MURRAY 2.2841
TELETYPE: PASACAL 7578
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S -D 211 SEQUENCE
RELAY

Contacts can transfer on
either the energizing or re-
lease stroke for countless
sequence combinations.

HERE'S REAL
SEQUENCE VERSATILITY
. . . backed by absolutely positive operation

You can get a million operating sequences from
this little relay . . . including a lot of unusual ones
that previously required much more complicated
control systems. For instance, the optional
feature of contact transfer on the de -energizing
stroke of the armature has provided simple, low-
cost schemes for alternating pump and com-
pressor operations. In addition, of course,
Struthers -Dunn 211 Relays find wide use in
automatic process and machine tool control,
traffic control, door and window openers and
the like.

Heavy flexing contacts are DP, ST or DT,
rated 5 amperes at 115 AC.

SEND FOR DATA BULLETIN 5211 for
complete details.

HAVE YOU READ RELAY ENGINEERING?
Struthers-Dunn's famous, 640 -page
RELAY ENGINEERING HANDBOOK is
a comprehensive guide to relay selec-
tion, circuits, auxiliary equipment and
maintenance. Over 20,000 copies in
use. Price $5.00 per copy.

STRUTHERS -DUNN, Inc.
Pitman, N. J.

5,348 Relay Types . . . WORLD'S MOST COMPLETE LINE

Sales Engineering Offices in: Atlanta  Boston  Buffalo  Chicago  Cincinnati
Cleveland  Dallas  Dayton  Detroit  Kansas City  Los Angeles  Montreal  New
Orleans  New York  Pittsburgh  St. Louis  San Francisco  Seattle  Toronto

Sources

RADAR, NAVIGATION
The Theory of Radio -thermal Direction Find-
ers with Conical Scanning. Yu. V. Pavlov.
"Radiotekh," 14. No. 12 (1959). 8 pp. Direc-
tion finding of weak radio -thermal signals,
whose spectral density is lower than that of
the receiving set internal noise, is of great
interest, since such signals occur in radio -
astronomy. This article analyses the proper-
ties of a direction -finder designed to work
with an automatic radio -thermal radiation
recording equipment. Expressions for the
limiting and angular sensitivity of a modula-
tion type direction -finder with conical scan-
ning are derived. Formulas for the equivalent
antenna temperature which hold for any noise
factors are given. (U.S.S.R.)

An 8 mm High -resolution Radar Installation,
J. M. G. Seppen & J. Verstraten. "Phil.
Tech." #3, 1960. 12 pp. The 8 mm radar
installation described. Philips 8 GR 250, is
distinguished from the more familiar and
widely ued 3 cm radar systems by its higher
resolution. This is due to the fact that with
a shorter wavelength a shorter pulse length
(0.02 usec) and a narrower angular beam
width (0.3) can be obtained. The narrower
beam calla for a higher pulse repetition fre-
quency. (Netherlands. in English.)

The Design and Construction of Ground -Based
Navigational Aids and Their Effect on Main-
tenance, M. Cassidy. "Proc. AIRE." Oct. 1959.
10 pp. This paper opens with a brief de-
scription of the geographical distribution of
the radio navigational aids operated by the
Australian Dept. of Civil Aviation and the
associated organization required to deal with
the problem of maintaining a large network
of stations, many of which are remotely lo-
cated. (Australia.)

SEMICONDUCTORS

Equivalent Admittance Parameters of a Tran-
sistor with a Resistor in its Emitter Circuit.
E. N. Garmash. "Radiotekh." 14. No. 11
11959). 6 pp. A commonly used transistor
feedback circuit obtained by inserting a re-sistor in the emitter circuit can be repre-
sented by an equivalent circuit without the
resistor, but with changed admittance par-
ameters. Such equivalent Y -parameters are
derived and their application illustrated by
examples. Variations of the equivalent Y -
parameters with respect to the value of the
emitter resistance are shown in graphs. The
effect of the negative feedback on the fre-
quency characteristic is examined. (U.S.S.R.)

Transfer and Frequency -Phase Characteristics
of the Current Transfer Constant of a Dif-
fused -Junction Transistor, T. M. Agakhanyan.
"Radiotekh," 14. No. 12. (1959). 6 pp. The
relationship of the transfer and frequency -
phase characteristics of the current gain to
the mean diffusion time, the drift time and
the life time of minority carriers is estab-
lished theoretically. For design purposes above
time parameters can be substituted by quan-
tities which can be relatively easily measured
and which completely determine a and 0.
These parameters are the low frequency cur-
rent gain, the cut-off frequency or the current
gain time constant and the phase shift fac-
tor. In practice it is easier to calculate with
sufficient accuracy the phase shift factor in-
stead of measuring it. (U.S.S.R.)

Transistor Matching Impedances, A. G. Bogle.
"El. Tech." Jan. 1960. 3 pp. Calculations and
measurements are described, relating to the
variation of input impedance, output im-
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Sources
pedance and gain of an 0071 transistor with
operating point and with negative feedback.

England.)

Equivalent Circuit Diagrams for the Transis-
tor Driven as Linear Amplifier, W. Benz. "El.
Rund." Jan. 1960. The present first part of
this article gives a survey of the different
transistor equivalent circuit diagrams, de-

scribes their properties and demonstrates
schematic diagrams and four -pole evaluations.
Germany.)

Transistor Circuit Design Using Modified Hy-

brid Parameters, R. E. Aitchison. "Proc.
AIRE." Nov. 1959. 7 pp. By the use of modi-
fied hybrid parameters the normal expressions
for transistor amplifier characteristics ran be
extended to special cases where the circuit is

modified by shunt, series, or common im-
pedances in the circuit. I Australia.'

TELEVISION

Alignment and Maintenance Tests on the
Television Radio Link Milan -Rome -Palermo,
E Castelli. "Alta Freq." Aug. 1959. 15 pp.
The test equipment employed in the terminal
and relay stations of the Milan -Rome -Palermo
radio link is described. The procedure is out-
lined for the different type of measurements,
particular attention being paid to linearity
measurement of modulator and demodulator
separately and globally, to transmission curve
of the equipment and to impedance, gain and
output level measurements. The wave forms
used for checking operation of the whole
chain are described and typical results are
shown. (Italy.)

The Synthesis of Black and White Television
Images from Coloured Picture Tube Phosphors,
C. H. Laurence. "Proc. AIRE." Aug. 1959.
8 pp. The color of a picture tube screen
must be carefully chosen as the eye is ex-
tremely sensitive as a color -comparison device
and color preception of an object is influ-
enced by its surroundings. Thus, during manu-
facture it is necessary to control the final
color by measurement to a tolerance cor-
responding to the critical nature of human
color preception. The screen of a black and
white picture tube is composed of 2 or more
phosphors, chemical materials capable of giv-
ing colored luminescence when excited by an
electron beam. By suitable choice of phos-
phors a screen color is achieved which can
be closely duplicated from batch to batch. The
C.I.E. system of color specification and the
black body curve on the C.I.E. diagram are
used extensively in phosphor blending. 'Aus-
tralia.)

The A.B.C. Sydney Programme Centre, F.
Shepherd. "Proc. AIRE." Aug. 1959. 6 pp.
The paper describes a recently completed pro-
gram center which controls a large multi -
studio group and feeds the transmitter net-
works. Various choices of arrangement and
control are outlined and it is shown that the
method adopted was the most logical one.
The system provides a flexible and expandable
arrangement of motor uniselectors and relays
which provides interconnections between stu-
dios, stations and recording facilities. I Aus-

tralia.)

Effect of the Storage Surface on the Signal
in an Image Iconoscope, L. I. Khromov.
"Radiotekh." 14. No. 11 11959). 8 pp. New
types of image iconoscopes have been recently
developed, but the effect of their storage sur-
face on the signal has not been sufficiently
studied. On the basis of theoretical considera-
tions and mainly experimental results the
author arrives at the conclusion that some of
the secondary electrons possess sufficiently
high velocities to strike the target in advance
of scanning. He finds an optimum storage
surface for efficient scanning. The application
of the suggested pulse operation improves the

(Continued on page 252)

if you have a problem involving

crystal controlled

frequency sources

and filters
_spend your

IRE SHOW TIME
to advantage

Stop at

BOOTH 1903

HII.I. I

ELECTRONICS

INC

MENAMINBURG,PENCYLVANIA
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CONSULT TELERAD FOR YOUR RIGID COAXIAL REQUIREMENTS...

Aircraft and Missile Manufacturers and designers ...TELERAD is your prime source for High -Sensitivity
S -Band Beacons . . . High Power 1000 watt
NEW, COMPACT RADAR BEACON, . . . offered by TELERAD
±2 MC/Sec. receiver stability with a Receiver/Transmitter
frequency range of 2750 - 2950 MC/Sec. Combined weight of
4.7 lbs.

TRANSMITTER
Frequency range: 2750 - 2950 MC/Sec.
Frequency stability: -±-2 MC/Sec.
Pulse Power: 100 watts peak (mij.)
Pulse repetition rate: 2000 P.P. Sec.
Pulse Width: 0.65 ± 0.05 microsecond

MODEL SRT-3081

RECEIVER
Frequency range: 2750 - 2950 MC/Sec.
Bandwidth: 6-12 MC/Sec. @ 3 DB Points

35 MC/Sec. maximum @ 40 DB Down
Triggering sensitivity: -41 DBM
Interrogation: Single or double pulse
Frequency stability: ±2 MC/Sec.
Size: 1 " x 27/e" x 53/4"
Weight: 1.25 lbs.

Delay: 1.5 microsecond
Range Jitter: 0.1 microsecond
Size: 2" x 3%" x 7-9/16"
Weight: 3.45 lbs.
Power Supplies Available
on Special Order

VISIT TELERAD AT

multiple pulse decoder circuitry beacons ... Missiles and drones
HIGH POWER, HIGH -SENSITIVITY, S -BAND DECODER TYPE GUIDED MISSILE
BEACON . . . A reliable beacon of ruggedized construction with decoder cir-
cuitry accepting two and three pulse interrogation code groups and rejecting
unwanted signals. Designed particularly for use with radars using coders such
as the KY-94/GPA but subject to some modification to meet individual customer
requirements.

Model: SRTS-2003CH
Receiver frequency: 2700-2900 mc
Image rejection: 50 db minimum
Triggering sensitivity: -65 dbm minimum
Code selection: two -pulse or 3 three -pulse
Transmitter frequency: 2700-2900 mc
Transmitter pulse width: 0.75±-0.25 ix sec
Transmitter repetition rate: 100.1000 pps
Transmitter peak power: 1000W
modulator: rugged thyratron type
Altitude: to 70,000 ft.
Size: 61/2 x 71/2 x 93/4 (475 cu. in,)
Weight: 15'/4 lbs.

(with heat dissipating case)
Power supplies available:

28±- 2 V transistorized converter
drawing 4 A and requiring no ex-
ternal heat sink, or 115 V 400
cycle sappily.

MODEL 19SC "S" BAND BEACON-Small; Lightweight

RECEIVER
Frequency range: 2825-2925 MC/Sec.
Stability: -±-2MC/Sec.
Triggering sensitivity: - 40 DBM
Interrogation:

(a) Single 1 microsecona pulse
(b) Double 1 microsecond pulses
spaced 3 microseconds

Interrogation rate: 100-1500 cycles
per second

TRANSMITTER
Frequency range: 2850-2950 MC/Sec.
Stability: ±2 MC/Sec.
Transmitted pulse width:

0 75 ± 0.1 microsecond
Peak power output: 50 watts
POWER SUPPLY
Input voltage:

6.5 ± .5 V.D.C. @ 2.5 amperes
Output voltage: 150 V.D.C.
DUPLEXER
Isolation: 20 DB (Min.)

ENVIRONMENTAL AND MECHANICAL
SERVICE CONDITIONS
Acceleration: 100 G in the longitudinal

direction, 25 G in other directions
Shock: 100 G in the longitudinal direction

and the other mutually perpendicular
directions

Vibration: 10 to 55 c.p.s. @ .08 inch
Temperature: +32° to +158° F
Humidity: Up to 100%
Pressure: 15 lbs./sq. in. gauge
Size (Receiver -Transmitter):

61/4" L. x 21/2" Diam.
Weight (Receiver -Transmitter): 2 lbs.
Size (Power Supply): 5" L. x 21/2" Diam.
Weight (Power Supply): 2 lbs.

BOOTH 1427... IRE SHOW



CONSULT TELERAD FOR YOUR RIGID COAXIAL REQUIREMENTS...

DESIGNED BY TELERAD

TELERAD is now delivering
a complete line of standard
components in 15/8, 31/2 and

61/8 rigid copper and alumi-
num coaxial transmission
line. TELERAD RIGID COAX-
IAL transmission line meets
the requirements of EIA
Standard RS -225 and MIL -
3890. TELERAD can supply
31/2 coax for 3 megawatt ap-
plication to MIL -1-26600
Radio Interference Specifi-
cations. For the solution to
your coaxial problem, con-
tact TELERAD.

Write for new catalog.

TELERAD
MANUFACTURING CORPORATION
DESIGNERS AND MANUFACTURERS
1440 Broadway, New York 18, N. Y. BR yant 9-0892

Ircr

NATIONAL REPRESENTATIVES:

Arizona: Premmco-of-Arizona, P. 0. Box 663, Scottsda'e
California: Wallace 8 Wallace, 1206 Maple Avenue, Los
Angeles / G. B. Ellis Sales Co., 2316 El Camino Road,
Mountain View / Illinois: Lee Falkenburg, Airborne Sales,
1665 North Milwaukee Ave., Chicago / New Jersey:
Telerad Manufacturing Corporation, Route 69, Flemington
Pennsylvania, Delaware, Maryland,
and Northern Virginia: John A. O'Niell Sales Asso-
ciates, P. 0. Box 311, Collingdale, Pa. / Texas: Southern
Industrial Electronics, 429 Exchange Bldge., Dallas
Canada: Instronics, Ltd., P. O. Box 51, Stittsville, Ontario

TELE-FLEX . . . standard moulded sections,
the ideal waveguide for use where vibra-
tion mounts are not practical.

FLEXIBLE WAVEGUIDE TELE-FORM . the finest pre -formed wave -
guide for use where extremely tight radii
must be held.

TELERAD IS YOUR BEST, MOST RELIABLE
SOURCE FOR PROMPT DELIVERY TO MEET

IMMEDIATE FLEXIBLE WAVEGUIDE NEEDS...

TELE-TWIST . . . permits quick twisting for
immediate field use on "E" and "H"
plane bends.

OVER 16 YEARS OF SPECIALIZED EXPERIENCE

makes TELERAD MANUFACTURING CORPORA-

TION your most dependable source of reliable

microwave components and equipment, built

to military standards. TELERAD Products em-

brace 1, S, C, X and K bands . . . DUPLEXERS

MIXERS  ATTENUATORS  FEEDS  CAVITIES

DIRECTIONAL COUPLERS  LOADS  FREQUENCY

METERS  SIGNAL GENERATORS  POWER

METERS  PHASE SHIFTERS  TUBE MOUNTS

ROTARY JOINTS  THERMISTOR MOUNTS

RADAR BEACONS  RADAR TRANSMITTERS

WAVE GUIDE SWITCHES
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N EW FROM LUMPED CONSTANT
DELAY LINES

Meet the newest addition to the growing family of JFD precision electronic components.
Designed with compactness, ruggedness and reliability
Lines upgrade your prototype or production project.

Compare the advantages of the standard JFD lumped
constant delay lines:
 High delay -to -rise time ratio with minimum signal

attenuation.
 Tolerance of -±.5c;'; max. on delay and characteristic

impedance.."
 Temperature range of -55° C to +125° C.
 Delay time thermal stability of 50 parts per mil-

lion per degree centigrade.
 Up to 25 Mc bandwidth.
 Virtually linear phase shift.
 Hermetically sealed metal cases for maximum re-

sistance to shock, vibration and humidity.
 Meet all applicable MIL specs.

Whether your application calls for standard
or custom-built lumped constant or distri-
buted constant delay lines, our engineering
staff will be glad to review your needs and

JFI

in mind, new JFD lumped constant, Delay

Typical Standard Delay Line Characteristics
Delay Time 5 µ sec. 10 P sec. 25 At sec.
Rise

Time Size
Rise

Time Size
Rise

Time Size
1.0 11, ex11/8x21/4 2.0 11/2x11/2x3 5.0 11f6x1X6x27/e
.5 13S6x13S6x25/8 1.0 15/ex15/ex3174 2.5 13/4x13/4x31/2
.3 13/v(13/8)(23/4 .6 13/4x13/4531/2 1.5 2N6x256x47/e
.15 21/4x21/4x41/2 .3 21/4x21/4x41/2 .75 23..tx23/4x51/2

Range of characteristic impedance: 50 ohms to 2000 ohms
s%a.

Attenuation: Less than 1db per.# sec. up to 3 Is sec. delay
6db max. up to 50 ,11 sec. delay.
Temperature stability: 50 parts per million per degree C
from -55° to +125° C.

submit recommendations, Closer tolerance de-
lays and impedances are available, in forms,
sizes and terminal designs to match your
needs. Write for Bulletin No. 213A.

Pioneers in electronics since 1929

ELECTRONICS CORPORATION
1462 62nd Street, Brooklyn, New York

JFD International, 15 Moore Street, New York, New York

JFD Canada Ltd., 51 McCormack Street, Toronto, Ont., Canada
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ADVERTISERS IN THIS ISSUE
ADVERTISERS FROM WHOM YOU DESIRE FURTHER INFORMATION

38 Electrical Industries - Glass -to -metal
seal8

44 ESC Corporation-Custom video trans-
formers, Delay lines

371 ESI/Electro Scientific Industries-Decade
resistors

F

99 Fairchild Semiconductor Corporation -
Silicon computer diodes

121 Fairchild Controls Corporation, Com-
ponents Division - Pressure trans-
ducers

125 Fansteel Metallurgical Corporation -
Selenium and Silicon rectifiers, tan-
talum capacitors

40 Formica Corporation-Copper clad lam-
inated plastics

346 Foto-Video Laboratories, Inc. - Televi-
sion monitor

400 Freed Transformer Co., Inc.-Incremen-
tal inductance bridge, variable test
voltage megohmmeter

159 FXR, Inc.-Precision microwave equip-
ment

G

13 General Electric Company, Receiving
Tube Department-Ceramic tubes

9 General Electrodynamics Corporation -
Visual display tubes

74 General Instrument Corporation, Semi-
conductor Division - Silicon power
diode/rectifiers

158 General Products Corporktion-Terminal
boards for military use

45 Gertsch Products, Inc.-Microwave fre-
quency multiplier

117 G -L Electronics-Tape wound and bob-
bin cores

350 Graphic Systems-Visual Control Board
25 G -V Controls Inc.-Thermal Relay

PROFESSIONAL ENGINEERING
OPPORTUNITIES

512 Beckman Instrument,, Inv.
511 Careers Inc.
605 Garrett Corporation, The
514 Gates Radio Company
509 General Electric Company
506 General Electric Company
513 Hill Electronics Inc.
602 Lockheed Missiles and Space Division
504 Magnovox Co., The, Government and

Industrial Division
508 Motorola Inc.
603 National Cash Register Company, The
507 Philco Techrep Division
501 Raytheon Company, Equipment Division

H

364 Hamilton Watch Company / Precision
Metals Division - Spring materials,
wire and metal strip

61 Handy & Harman-Silver Powder and
flake for electronic applications

145 Heinn Company, The-Loose-leaf binder
and indexes

116 Hi -Q Division Aerovox Corporation-De-
posited carbon resistors

132 Hill Electronics Inc.-Crystal controlled
frequency sources and filters

187 Howard Industries, Inc. - Fractional
H.P. motor

5 Hughes Aircraft Co., Semiconductor Di-
vision-High voltage silicon cartridge
rectifiers

6 Hughes Aircraft Co., Industrial Systems
Division-Storage-type oscilloscope

7 Hughes Aircraft Co., Vacuum Tube
Products Division-Direct-view storage
tubes

46 Ichizuka Optical Industrial Co., Ltd.-
TV camera lenses

405 Ideal Precision Meter Co., Inc.-Panel
meters

140 AMC Magnetic Corp.-Motors, fans, sol-
enoids, delay lines

124 Indiana General Corporation-Magnets,
ferrites, memory systems

42 ITT Corporation -40 channel read-out
oscilloscope

101 Industro Transistor Corporation-Ger-
manium computer transistors

858 Interelectronics Corp.-Solid-state power
inverters

79 International Electronic Research Cor-
poration - Heat -dissipating electron
tube shields

128 International Rectifier Corporation -
Zener diode application handbook-
($1.00 each)

50 Institute of Radio Engineers, The-IRE
National convention and radio -engi-
neering show

J

369 Jennings Radio Manufacturing Corpo-
ration-Vacuum relays

347 Jerrold Electronics Corporation, Indus-
trial Products Division-Sweep fre-
quency generator

378 Jettron Products Inc.-Sockets and con-
nectors

134 JFD Electronics Corporation-Lumped
constant delay lines

391 Johnson Co., E. F.-Variable capacitors
143 Jones Division, Howard B., Cinch Manu-

facturing Company-Plugs and sockets
122 Jones Electronics Co., Inc., M. C., Ben-

dix Aviation Corporation-RF Power
standards equipment

K

108 Kahle Engineering Company-Automatic
machines for semiconductor production

389 Kay Electric Company-Sweeping oscil-
lator

356 Kearfott Division General Precision Inc.
-Ferrite isolator

Innio ma no Vommo

348 Keithley Instruments-Null detector
353 Klein & Sons, Mathias-Electronic pliers
26 Keystone Carbon Company-Thermistors

102 Knapic Electro-Physics, Inc. - Silicon
and germanium monocrystals

L

138 Lel Inc.-Preamplifier
113 Lenz Electric Manufacturing Co.-Wire

and cable
402 Lepel High Frequency Laboratories, Inc.

-High frequency induction heating
units

154 Littelfuse-Indicating fuse posts

151 Magnetic Amplifiers Inc.,-Transistor
magnetic amplifier

88 Magnetics Inc.-Powder cores
381 Marconi Instruments --Capacity bridge

27 Markite Corporation-Potentiometers
393 Measurements, A McGraw -Edison Divi-

sion-Megacycle Meter
357 Methode Manufacturing Corp.-Wiring

devices
17 Microtran Company, Inc.-Transformers

360 Microwave Associates, Inc. - Rotary
shutte switches

36 Minnesota Mining and Manufacturing
Company Division Mincom - Instru-
mentation recorder/reproducer1

PROFESSIONAL ENGINEERING OPPORTUNITIES
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I have circled below.
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48 Minnesota Mining and Manufacturing
SCompany Magnetic Products - Mag-

netic tape
399 Radio Cores, Inc.-Iron cores 85 Sangamo Electric Company-Capacitors408

385

10

Minnesota Dept. of Business Develop-1
Radio Materials Company-Ceramic disc 114ment State Capitol-Industrial loca-capacitors

tions
24Motorola Semiconductor Products Divi-77 Radio Receptor Company, Inc.-Selen-

sion-Switching transistors ium rectifiers
Muirhead & Co. Limited-Synchros and 401 Rahm Instruments - Pressure trans-63

servomotors ducers
14456 Raytheon Company. Microwave and

N Power Tube Division - Tunable c -343
band magnetron

Sarkes Tarzian, Inc. Semiconductor Di-
vision-Silicon Rectifiers

Scintilla Division Bendix Aviation Cor-
poration-Capacitors

Sealectro Corporation - Sub -miniature
R.F. Connectors

Segal, Edward-Automatic Eyelet Ma-
chine

Sifco Metachemical, Inc.-Printed Cir-
cuits Repair Tools & Chemicals397 Newark Electronics Corporation-Elec-57 Raytheon Company, Microwave and 156 Spectrol Electronics Corporation -Lineartronic catalog Power Tube Division-X-band mag- and non-linear precision potentiometers120 New Departure Division, General Motors netron 103 Sperry Semiconductor Division-SiliconCorporation - Miniature and instru-58 Raytheon Company, Microwave and mesament ball bearings Power Tube Division-Magnetron for 4 Sprague Electric Co.-Miniature electro-80 Non -Linear Systems, Inc.-Digital volt-radar systems lytic capacitors

119
meter

76Nothelfer Winding Laboratories Inc.-59 Raytheon Company, Microwave and
Water-cooled solenoids Power Tube Division-One kilowatt 352

beacon magnetron
11

Sprague Electric Co.-Film Capacitors
Sprague Electric Co.-Interference lo-

cator
Sprague Electric Co.-ResistorsP 60 Raytheon Company Microwave and

Power Tube Division-Magnetron for 90 Stackpole Carbon Company-Dual-type
variable capacitors112 Pacific Semiconductors, Inc.-Semicon-extreme environmental conditions 147 Stainless, Inc.-Tower installationductor products 94 Raytheon Company, Industrial Compo- 376 Stanpat Company-Adhesive-base draft-369 Panoramic Radio Products, Inc.-Spec-nents Division -16" radar display tubes ing aid

382

95
14

trum analyzer
118 Raytheon Company, Industrial Compo-127Philamon Laboratories Inc. - Tuning nents Division - Recording storagefork frequency standards

tubesPhilco Lansdale Division-Transistors
8Philco Lansdale Division - Switching 345 Reeves-Hoffman-l-MC precision crystal

Sterling Precision Corp. - Precision
gears clutches & electro mechanical
components

Stevens Manufacturing Company, Inc.-
Thermostatstransistors oscillator

157 Stromberg-Carlson-Telephone type re-394 Plastic Capacitors, Inc.-Variable capac-91 Reeves Instrument Corporation - Gyro layitors and gyro system test equipment 158 Structural Fibers, Inc.-Plastic design 7135 Polytechnic Research & Development 30 Reeves Soundcraft Corp.-Instrumenta-Co., Inc.-Standing wave amplifier tion tapes 131
manufacture

Struthers -Dunn, Inc.-Sequence relay
123 Revere Corporation of America-CustomQ designed molded harnesses

81

141

Sylvania Electric Products Inc.-Klys-
trons

Sylvania Semiconductor Division-Volt-403 Quan-Tech Laboratories - Transistorized 148 Rohn Manufacturing Co.-Communica- age-variable capacitorspower supplies tion tower 52 Sylvania Semiconductor Division-Semi-
conductor products

53 Sylvania Semiconductor Division-Semi-
conductor products

18 Sylvania Electric Products Inc.-Elec-
tron Tubes

19 Sylvania Electric Products Inc.-Elec-FIRST CLASS tron Tubes
390 Syntron Rectifier Division-Silicon rec-PERMIT NO. 36 tifiers
373 Syntronic Instruments, Inc.-DeflectionPHILA., PA. yoke coils

T

BUSINESS REPLY CARD 384 TA Mfg. Corp. - Engineering design
manual

NO POSTAGE STAMP NECESSARY IF MAILED IN UNITED STATES 39 Tektronix, Inc. - DC -to -30 MC Dual-
Beam Oscilloscope

146 Telechrome Manufacturing Corp.-Video
Transmission test equipment

POSTAGE WILL BE PAID BY 866 Telectro Industries Corp.-Modular Mag-
netic tape systems

133 Telerad Manufacturing Corporation -
ELECTRONIC INDUSTRIES 75

Microwave equipment
Tensolite Insulated Wire Co., Inc.-High

temperature wire and cablec/o University of Pennsylvania 104 Texas Instruments Incorporated-Silicon
mess computer diodes

The Computer Center 349 Tinsley Laboratories Inc.-Corning glass
filtors

105 Transitron Electronic Corporation-Sili-P. 0. Box 8221 con switching transistor
380 Tru-Ohm Products-Power rheostatsPhiladelphia 4. Pennsylvania 106 Tung -Sol Electric Inc.-Computer tran-

sistors

U

15 Ultrasonic Industries-Ultrasonic cleaner
111 United Transformer Corp.-Filtors for

all applications

375

398

Varian Associates - Potentiometer re-corders
Vector Electronic Company-StructuresFIRST CLASS

for circuitryPERMIT NO. 36 37 Victoreen-Electronic tubes
367 Vitramon Incorporated-Micro-MiniaturePHILA., PA. ceramic capacitors

w
BUSINESS REPLY CARD 31 Waters Manufacturing. Inc.-Miniature

potentiometers
NO POSTAGE STAMP NECESSARY IF MAILED IN UNITED STATES

142 Waveline, Inc.-Microwave instruments
and components

86 Wayne Kerr Corporation-Measurement
and test equipment

POSTAGE WILL BE PAID BY 361 Weldmatic Division of Unitek Corpora-
tion-Welding machines

ELECTRONIC INDUSTRIES
107 Westinghouse Electric Corp.. Semicon-ductor Dept.-Silicon power transis-

tors
155 White Industrial Division, S. S.-Indus-c/o University of Pennsylvania dustrial air abrasive unit

The Computer Center X
362 X-Acto, Inc., Handicraft Tools, Inc.P. 0. Box 8221 Division-Precision knives

Philadelphia 4, Pennsylvania
388 Zeus Engineering Company-Transistor

index



FEATURES:

 A new low in noise levels - down to
0.007 /hv providing 0.02 Av full scale
sensitivity at minimum bandwidth.

 5 db steps
 Attenuation range of 85 db

 FOUR regular VSWR scales plus one
expanded

 All meter scales automatically normal-
ized when switching ranges

 Large 53/4" meter with 1% linearity

 Continuous gain control over 15 db
range

 Continuously variable bandwidth control

 Front panel meter monitors bolometer
bias current

SPECIFICATIONS:

Frequency: 1,000 cps; adjustable over a
2% range.

Sensitivity: 0.02 Av at minimum (4 cps)
bandwidth. 0.1 PN at maximum (40
cps) bandwidth.

Noise Level: 5db below full scale (0.007
AV at minimum bandwidth).

Amplifier Q: 250 at 4 cps; 25 at 40 cps.

Bandwidth: Continuously variable from 4
to 40 cps.

Calibration: Square Law. Meter reads
SWR, db.

Range: 85 db. Input attenuator provides
70 db in 5 db steps. Gain control pro-
vides 15 db adjustable. Accuracy ±0.1
db per 10 db. Maximum cumulative
error of ±0.2 db at 40 cps bandwidth.

Scale Selector: Expanded, Regular, and
Bolometer Current. Meter scale always
normalized when switching from scale
to scale or from expanded to regular.

Meter Scales: SWR: 1-4; SWR: 1.8-6;
SWR: 3.2-10; SWR: 6-15; Expanded
SWR: 1-1.3; db: 0-10; Expanded db:
0-2.3.

Input Selector: 220,000 ohms; Crystal;
Bolometer. Bias provided for high 8.4 ma
bolometer or 4.3 ma low current bolom-
eter. Bias adjustable ±15%. A bolom-
eter protective circuit permits any
switching operation or cable connect -
disconnect without damage to bolometer.

Output: Jack for 1500 ohm recorder, 1 ma
full scale deflection.

Input Connector: BNC Jack.

Power: 115/230 v ±10%, 50-60 cps, 40
watts.

Dimensions: Cabinet: 73/4" wide, 101/2"
high, 11" deep.

Weight: 14 lbs. net.

See the PRD 277-B
Standing Wave Amplifier
at the 1. R. E. Show-
Booths 3602-3604-3606.

this
standing wave amplifier

defies comparison

he new portable PRD 277-B Standing Wave Amplifier is
designed to meet the present and future needs of microwave
test laboratories. Due to its extremely low inherent noise,
0.007 tiv, weak signals which once were undetectable by
conventional instruments can now be measured. Attenuation
in 5 db steps combined with 4 VSWR scales and a large
meter permit VSWR measurements to be made with
maximum resolution and accuracy.
To find out more about the new PRD 277-B Standing Wave
Amplifier, contact your ()cal PRD representative or phone,
write, or wire :

OLYTECHNIC RESEARCH & DEVELOPMENT CO., INC.
Factory and General Office. 202 Tillary St., Brooklwn 1, N. Y., ULster 2-6800

Western Sages Office: 2639 So. La Cienega Blvd., Los Aigeles 34, Calif., Upton 0-1940
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ACOUSTICA

ULTRASONIC

CLEANING

CUTS COSTS!
CERTIFIED

AIRUCATIOVISJ

Much better cleaning!
Much less time!
In seconds-all dirt, dust, and soils are "cavitated" away
ultrasonically! No scrubbing, no disassembling, no
costly maintenance. Hard -to -get -at parts are cleaned
swiftly and thoroughly. Modern Acoustica ultrasonic
cleaning is rapidly replacing older methods. Send for
details of complete line of Acoustica ultrasonic equip-
ment and cleaning chemicals. Acoustica Associates, Inc.,
Fairchild Court, Plainview, N. Y.  1042 Aviation Blvd.,
Los Angeles, Calif.

acou.s ica
ULTRASONIC CLEANING SYSTEMS

Sources
(Continued from page 243)

signal to noise ratio in standard Soviet and
Telekino image iconoscopes by a factor of 2-3.
(U.S.S.R.)

Minimum Spacings Between Interfering Tele-
vision Broadcasting Stations, H. Edan & K. H.
Kaltbeitzer. "Rundfunk." Dec. 1969. 6 pp.
Harmful mutual interference within a network
of television broadcasting stations can be sup-
pressed by maintaining minimum spacings be-
tween interfering stations. The article gives
directives for evaluating such spacings, taking
into account appropriately that different kinds
of interference differ in harmfulness. (Ger-
many.)

Methods of Background Projection in Tele-
vision, Udo Stepputat. "Rundfunk." Dec. 1959.
5 pp. The paper discusses the various methods
of imitating scenery in television (background
with large-scale photographs, electronic trick
backstage, projection from behind of moving
or still pictures). The author indicates the
differences between this and background pro-
jection in cinema technique and describes a
projection installation from behind using large
transparencies specially developed for tele-
vision. (Germany.)

Monitoring and Cutting Technique for Video
Tapes, Hans Friess. "Rundfunk." Dec. 1959.
3 pp. The article describes three instruments
for shortening and changing video tapes.
(Germany.)

The Equipment of the New Television Outside
Broadcast of the NWRV at Hamburg. "Rund-
funk." Dec. 1959. 3 pp. To supplement an
earlier article published here concerning the
planning and construction of television out-
side broadcast vehicles, the equipment of a
further vehicle is described which is operated
by the NWRV at Hamburg. (Germany.)

The Television Switching Centre at Frank-
furt/Main, Kurt Thom. "Rundfunk." Dec.
1959. 3 pp. A new vision switching centre is
to be constructed by the Hessischer Rundfunk
at Frankfurt/Main to supplement the sound
switching centre. The article discusses the
considerations taken into account in the plan-
ning and the functions of the various switch-
ing points in the television network. The ideal
would be a radial vision and sound network
with synchronous switching. (Germany.)

Portable Television Outside Broadcast Equip-
ment, Ernst Legler. "Rundfunk." Dec. 1959.
4 pp. The article describes a radio camera for
television outside broadcast purposes, which
can be easily carried by one person. The
equipment, which consists of a camera unit
and a case carried on the back, weighs 11.4
kg. 8.5 kg being for the case including the
transmitting aerial and support and 2.9 kg for
the camera unit. (Germany.)

Vector Recorder-a Check Unit for the NTSC-
Colour Studio. "El. Rund." Jan. 1960. 5 pp.
An NTSC-colour modulator includes three
modulation channels (Q-, I-, and colour syn-
chronizing channels) in addition to the bright-
ness channel. It is used to check level and
phase relations of these channels. (Germany.)

A TV Sound Section Using the Locked -Oscil-
lator Quadrature-Grid Detector, R. A. Darnell.
"Proc. AIRE." Nov. 1959. 8 pp. Efforts to
produce a sound section for a television re-
ceiver which was simpler than the conven-
tional ratio detector circuit, resulted in the
introduction of the quadrature-grid detector
circuit. (Australia.)

TRANSMISSION

Transmission of a Pulse Signal and Fluctua-
tion Interference Through a Voltage Limiter
and Integrator, B. N. Mityashev. "Radiotek."
14, No. 10. (1959). 8 pp. The effect of inter-
ference can often be reduced by the use of a
special voltage limiting stage. In this article
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jrAE .

THE CHOICE OF LEADING
MANUFACTURERS

for fan applications
HOWARD MODEL 1085
2 Pole, Unit Bearing
FRACTIONAL
H.P. MOTOR

5 year guarantee

Available with Open or Closed Construction
MOUNTING: From rear or by special pads on front.
BEARING: Single, long -life, permanently lubricated.
STATOR: Vacuum varnish impregnated coil on molded
nylon bobbin.
ROTOR: Dynamically balanced for ultra -quiet opera.
Lion.
ROTATION: Unidirectional (CW or CCW as specified).
SHAFT -HUB: Assures positive and accurate location of
connecting part (fan) which must run concentric. Can
also be furnished with shaft extension from hub..

Send us you specifications or wits for complete catalog.

HOWARD INDUSTRIES, INC.
1730 State St., Racine, Wisconsin
Divisions: Electric Motor Corp., Cyclohm Motor Corp., Racine Electric Prods., Loyd Scruggs Co.

HP: 1/150 to 1/185

NO LOAD RPM: 3400

FULL LOAD RPM:*

2600.3200

INPUT WATTS: 8-30

VOLTS:

115 V. 60 cy. AC std.

*Lover full had speeds
also available.

1'c' We 91(

Circle 137 on Inquiry Card

IF PREAMPLIFIERS

Or

MICROWAVE
MINIATURIZATION

An ideal component for a solid state micro-
wave receiver, the LEL IF -86 Preamplifier
features germanium mesa transistors to pro-
vide minimum noise figure.
Noise Figure ' 4 25db
Frequency 60mc
Bandwidth 20mc
Gain 26db
Low Power Requirements +20v @ 8ma

-20v @ 8ma
Lightweight 6 oz.
Small Size 2-9/16" x 2-1/4" x 1-1/8"

Send for comprehensive Microwave,
IF, RF Amplifier Catalog.

380 OAK STREET, COPIAGUE,' N. Y.

I

See us at the IRE Show-Booth 2102

Circle 138 on Inquiry Card
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OUGLAS
MICROWAVE CO., Inc.

manufacturers of a complete variety of standard
microwave test equipment and components,

is pleased to announce
the addition of a

new and complete line of

lAtHWAVE
TRADE MARK

URGE WAVEGUIDE) TEST EQUIPMENT

which include the following:

adapters signal samplers loads tees

test horns crystal detector phase shifters transitions
attenuators mounts slotted lines tuners

bends terminations switches wave meters

twists
These units will be supplied in the following EIA designated tubing sizes:
WR77, WR975, WR1150, WR1500, WR1800, WR2100, WR2300.

SEE US AT THE I.R.E. SHOW-BOOTHS 2241-2243

NEW DEVELOPMENTS of
Spectra Electronics Corp.
250 East Third Street, Mount Vernon, N.Y.

(1) Ultraviolet pulsed energy systems fea-
turing solar blind, millimicroseconds reso-lution; (2) ultraviolet density meter featur-ing direct reading and high sensitivity; and
(3) non -gyroscopic pitch and roll stabilizer
featuring no moving parts, self -powered.

On view at the I.R.E. Show-booths 2241-2243

WRITE TODAY for your copy of the latest Douglas cata-
log featuring more than 1,500 standard microwave
components-more than any other source in the field.

i...)DOUOLAS1

OUGLAS
MICROWAVE CO.,Inc.
252 EAST THIRD ST. MT. VERNON, N. Y.
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TAPE RECORDING

MILITARY

COUNTERMEASURES

ATOMIC NAVY VESSELS

AVIATION

COMPUTING SYSTEMS

116 5
9 x 2
7 ROMI=

HOW THESE CAPABILITIES CAN HELP YOU: New expansion and diversification
programs now permit IMC to offer a broader scope of precision products. Our goal:
Ever-increasing product reliability; accelerated progress in sub -miniaturization 
IMC precisioneered components will not only help you design smaller and better,
but will permit your systems to reach new realms of operational reliability 
MOTOR TYPES: SERVO, TORQUE, HYSTERESIS, DC, STEPPING VANEAXIAL
FANS  CENTRIFUGAL BLOWERS  PROPELLER FANS  TACH GENERATORS

SOLENOIDS  SYNCHROS DELAY LINES

MC Magnetics Corp.

GRAY 8, KUHN, INC.

wESTBURY, NIW YORK

PSP ENGINEERING CO.
P

MAYWOOD, CALI,ORNIA

Induction Motors of California
MAYWOOD, CALIFORNIA
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NOW AVAILABLE...

SYLVANIA
SILICON -MESA

VARACTORS
SYLVANIA VARACTORS-diodes that can amplify-feature
cutoff frequencies as high as 100,000 Mcs!

SYLVANIA VARACTORS make practicable the design and
manufacture of extremely compact low -noise parametric
amplifiers, harmonic generators, up -converters, and side -

band modulators.
Gains up to 40db and noise figures as low as 1.5db are
achieved in many applications. SYLVANIA VARACTORS
feature exceptional ability to withstand environmental con-
ditions. Tests include temperature cycling from -65° to
+150°C. High efficiency as microwave -frequency amplifiers
and high gain as up -converters result from the extremely
low series -resistance and extremely low series-capacitance
of SYLVANIA VARACTORS.

SYLVANIA
DOUBLE -ENDED

TYPE

SYLVANIA
SINGLE -ENDED

TYPE

CUTOFF
FREQUENCYt
(KMc min.)

JUNCTION
CAPACITANCE

40 max.
Ott

D4075 D4110 20 4.5 1.0

D4075A D4110A 30 3.0 2.0

D4075B D4110B 40 2.0 3.0

D4075C D4110C 50 1.8 4.0

D4075D D4110D 60 1.4 5.0

D4075E D4110E 70 1.0 6.0

D4075F D4110F 80 1.0 7.0

D4075G D411OG 90 1.0 8.0

D4075H D4110H 100 1.0 9.0

Breakdown voltages are -6 volts min. at IR=200
tCalculated from fcc.=((l at 10 kmc and measured at BV) X 10 kmc.
Met junction capacitance measured at f =100 kc, VR = -6V.

nMeasurement frequency=10 kmc, VR = -6V.

Sylvania Varactors are available in both single-ended and
double -ended cartridge packages. For further informa-
tion contact the Sylvania Field Office nearest you. For tech-
nical data, write SYLVANIA SEMICONDUCTOR DIVI-
SION, DEPT. 19-3, WOBURN, MASS.

SYLVANIA
Subsidiary of GENERAL TELEPHONE &ELECTRON/CSW

ELECTRONIC INDUSTRIES March 1960 Circle 141 on Inquiry Card 255



precision measurement demands

WAVELINE MICROWAVE

instruments

ATTENUATORS

SLOTTED LINES

WAVEGUIDE COUPLERS

TERMINATIONS

FREQUENCY METERS

PHASE SHIFTERS

DETECTOR MOUNTS

PRECISION TUNERS

r. VM MN WM MN MN

and components

MIXERS

FILTERS

ANTENNAS

ROTARY JOINTS

DIRECTIONAL COUPLERS

WAVEGUIDE TEES

DETECTOR MOUNTS

WAVEGUIDE SWITCHES

The ninetyninety page Waveline catalog
describing over 600 instruments, in-
cludes complete technical data,
charts, illustrations and engineering
reports.

WAVELINE
CALDWELL, NEW JERSEY

Phone CApital 6-9100

TWX Caldwell, N. J. 703

Sources
the conditions under which such a stage pro-
duces an improvement in the signal to noise
ratio at the integrator output are analyzed.
It is assumed that the voltage is fed to the
input of the limiter from the output of a
linear nonreactive detector, preceded by an
ideal band-pass filter and that fluctuation
noise has at the input of the filter a uniform
spectral density. Limiting voltage level for a
minimum noise to signal ratio are given.
(U.S.S.R.)

Long Distance Transmission of the Angular
Informations from a Shaft Rotating with an
Average Uniform Speed, K. Dinter. "Nach.
Z." Oct. 1959. 6 pp. Search antennas of radar
equipment rotate with a constant velocity
superimposed with relatively small fluctuations
mainly caused by wind. In this case these
fluctuations are the only proper information
which would be transmitted to a distant point
where the rotating movement is to be repro-
duced. The information contents of such
fluctuations is calculated on the basis of many
measurements carried out, the minimum chan-
nel capacity required for the transmission is
determined and compared with the channel
capacity required for the transmission of the
rotating movement without prior removal of
the part not containing information. (Ger-
many.)

Group Velocity and Group Delay, H. Debart.
"Cab. & Trans." Oct. 1959. 11 pp. The paper
first reminds us of the standard definitions of
group velocity and group delay and then
establishes some of their general properties
when applied to various transmission systems.
Examination of their physical meaning shows
that these quantities are closely related to
signal propagation functions, as they appear -
in Fourier analysis. (France.)

Overmoded Waveguides Optical Approach to
Mode Conversion, L. Solymar. "E. & R. Eng."
Nov. 1959. 3 pp. The amplitudes of the
spurious modes generated at the joint of two
overmoded waveguides are calculated. One of
the waveguides is circular and is excited by
an H., mode, the cross-section of the other
waveguide is slightly different. It is shown
that no E modes are excited by the joint. The
amplitudes of the H modes are expressed in
a closed form. (England.)

Surface -wave Transmission Lines for Trans-
mitters, Properties and Operational Experi-
ence, F. R. Huber & H. Rudat. "Rundfunk."
Dec. 1959. 7 pp. The paper describes the use
of a surface -wave transmission line in a novel
fashion to feed a transmitting aerial, this de-
vice having heretofore been used mainly for
transmitting energy over long distances. (Ger-
many.)

The Differences Between Single and Periodic
Transient Processes in Low-pass Transmission
Systems, R. Elsner & K. H. Steiner. "Nach.
Z." Dec. 1959. 7 pp. In the investigation of
the transient response for a single process by
means of measurements it is frequently found
advantageous to replace such a single process
by a periodic process. However, calculations
of transient responses for periodic functions
can be simplified when the periodic process is
treated like a single process. (Germany.)

Rectangular-Waveguide Loads, W. Geoffrey
Voss. "El. Tech." Jan. 1960. 3 pp. Certain
modifications are described to the construc-
tion and mounting of resistive element dis-
sipative strips when used either as a fixed
flat load or as an adjustable sliding termina-
tion. Results are given of measurements in
S -band but the technique is adaptable to all
sizes of rectangular waveguide. (England.)

Mode Conversion in Pyramidal -Tapered Wave -
guides, L. Solymar. "E. & R. Eng." Dec. 1959.
3 pp. It is shown that if two rectangular
waveguides of different cross-section are con-
nected by means of a taper higher -order modes
will be generated. The electric intensities in
the taper and in the large waveguide are de-
termined, the amplitudes of the spurious
modes are computed and an extension of the
results discussed. A simple design formula
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specify

P 406-OCT

S 406 -AB

FOR PUBLIC ADDRESS,
RADIO, and kindred fields,

JONES ;4: 0FS - - I _ S

PLUGS AND
SOCKETS

of proven quality!

Double Confact
Area

Phosphor
bronze

knife -switch
socket

contacts
engage

both sides
of hat plug

Socket
contacts

phosphor
bronze,

contacts.

cadmium
plated. Plug contacts

hard

brass,
cadmium plated.

Insulation

molded
bakelite.

Plugs and sockets

polarized.
Steel caps with baked

crackle enamel
2, 4, 6, 8, ID, 12

contacts.
Cap or panel mounting.

Information
on complete

line, in

Jones Catalog
22, Electrical

Connect-

ing Devices,
Plugs, Sockets,

Terminal

Strips. Write

Visit Booth 2535

at the I.R.E. Show

fzeLes

HOWARD B. JONES DIVISION
CINCH MANUFACTURING COMPANY

CHICAGO 24, ILLINOIS
DIVISION OF UNITED-CARR FASTENER CORP.

Circle 143 on Inquiry Card

PLANNING FUNNEL TYPE
EYELETS FOR

PRINTED CIRCUIT BOARDS?

this Edward Segal
automatic machine

feeds, inserts and
flares with utmost

reliability!

Part of the secret's in Segal's
unique anvil tool holder and
spring loaded work table
(shown at left) which allow
the eyelet to pass through
the assembly before staking
or flaring. Avoids loose set-
tings, compensates for mate-
rial variations, too.

There's a Segal ma-
chine for every eye -
I e t i n g application.
Tell us about yours
and we'll gladly look
into itwithoutobliga-
tion. And write today
for new bulletin EI-3.

Manufacturers of eyeleting machinery,
special hoppers and feeding devices
132 LAFAYETTE STREET, NEW YORK 13, N.Y.

Circle 144 on Inquiry Card

CORNING
ELECTRONIC
COMPONENTS

Improve Your
Manuals with

Malaria
LOOSE-LEAF
BINDERS and
INDEXES

for . . .

 ENGINEERING HANDBOOKS
 SERVICE AND PARTS MANUALS

 LAB DATA COLLECTIONS

 SALES PRESENTATIONS

 CATALOGS

Heinn products help you keep engineering data up
to date and in sequence, and efficiency improves
throughout your technical operation. Custom-styled
Heinn binders are distinctive and durable; expertly
engineered mechanisms work smoothly in sheet
changing; specially tabbed indexes speed up fact
finding.

By working with many electronics firms, Heinn
technicians have learned your general requirements
in binder styles, materials, mechanisms and indexes.
Put their special knowledge to work for you. Mail
the coupon.

THE HEINN COMPANY
326 W. Florida St.

Milwaukee 4, Wis.

Sales Zone 21

We want to know what kind of binders and indexes

you would recommend for............................
manuals.

NAME..........................................................................................................

TITLE............................................................................................
...................FIRM..............

...................................................

ADDRESS..........................................................................
..............................

4081 CITY, STATE

Circle 145 on Inquiry Card
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ANTENNAS  ANTENNA SYSTEMS
TRANSMISSION LINES

Space Surveillance

Calls For

igh Power

9" TRANSMISSION LINE
WITH SINGLE BOLT FLANGE CLAMP

PATCH BAY FOR SWITCHING 9" LINE

T" ALUMINUM WAVEGUIDE
WITH BRANCHING SWITCH

ANDREW CORPORATION offers a wealth
of engineering experience in the field
of super power RF transmission de-
vices. A broad line of standard equip-
ment is offered and ANDREW facilities
for the development and production
of special equipment are without
equal.

Available on a production basis is
antenna equipment in all of the new,
very large waveguide and transmis-
sion line sizes, including high power
coaxial lines designed with specially
shaped inner conductors and insula-
tors to substantially increase voltage
ratings.

Typical too, of this equipment are
patch panels such as the 9" line model

VI

shown above, used for occasional re-
arrangement of antenna and trans-
mitter connections.

For high speed circuit switching,
ANDREW has developed peak reli-
ability, non -contacting waveguide
switches such as the 21" model above.
Similar switches are also supplied
with transitions for use with coaxial
line.

Of definite advantage to you is the
completeness of the ANDREW line
which permits a systems approach
with integrated equipment for best
performance of the overall system.

Our newly expanded production
facilities assure prompt deliveries.

IT ANDREW IRE BOOTH 1502-1504

We would welcome your inquiries
for product information and engineer-
ing assistance on:
Antennas  Feed Horns  Switches 
Patch Panels Duplexers  Power
Dividers Filters Coaxial Line 
Waveguide  Transitions  Adaptors 
Bends  Hangers  Dehydrators

WRITE FOR BULLETIN

Circle 100 on Inquiry Card

363 EAST 75TH STREET  CHICAGO 19
Offices: New York  Boston  Los Angeles

Washington, D. C.  Toronto
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SYSTEMS WISE . . .

 A multi -purpose, precision 30 ft. reflector is the first
standard product offered by Antenna Systems, Inc., a
newly organized antenna systems and components manu-
facturer located in Hingham, Mass. Their product line
will include feeds, waveguide, rotary, joints, towers, ped-
estals, and other related antenna equipment. Charles W.
Creaser, Jr., is President. Walter W. VanderWolk is Exec.
Vice President and Leon 0. Paulding is Treasurer.

PROJECT MERCUP' " '"'NG SYSTEM

Western Electric Co., New York, is the prime contractor for the new
Project Mercury tracking and ground instrumentation system being
developed by NASA. Others in the program are: Bell Telephone Labs.,
Whippany, N. J.; Bendix Aviation Corp., Detroit, Mich.; and Burns and
Roe, Inc., New York. Construction of the 18 -site net has already
begun.

 Over 60% (1,219 radio stations) of the radio member-
ship of the National Association of Broadcasters are now
subscribers to the "Standards of Good Practices for Radio
Broadcasters." The Program, at present, is limited to
NAB member stations, but the NAB Radio Board is
expected to open it to non-members soon.

Records of radio noise recorded by the National Bureau
of Standards at Hawaii show significant changes that
occurred as a result of two high -altitude nuclear explo-
sions in the summer of 1958. Different effects were noted
on different frequencies. In the hour following the blast,
the noise decreased by as much as 32 db (at some fre-
quencies) at a time of day when it would normally be ris-
ing or holding steady. Recovery varied from a matter of
hours at 13 KC and 5 MC to several days from 51 KC
through 2.5 MC.

 The theoretical knowledge for predicting weather accu-
rately now exists, but the calculations are so lengthy and
involved that even the fastest of today's computers could
not complete an analysis until long after the weather has
arrived. Computers, fast enough to do the job (10,000,000
calculations per sec.) are projected for the 1960's by Dr.

Peter J. Isaacs, Sperry Gyroscope Co.'s head of digital
computer research.

 The Southern Railway System has ordered IBM's newly -
developed 7080 data processing system. It will be installed
in the railroad's Computer Center in Atlanta, replacing
an IBM Model 11. It will be used for management reports,
accounting, including cost -finding techniques, and business
problem simulations.

An IBM type 709 electronic computer is now in use at
the Pacific Missile Range Hdqts., Point Mugu, Calif. With
the computer, the range safety officer can observe the
position of a missile from launching to impact. It can be
destroyed in flight within a second and a half after the
computer reveals it is off course.

 The first underseas telephone cable above the Arctic
Circle is now completed. Owned by the U. S. Air Force,
it connects Greenland and Canada. For use in the Ballis-
tic Missile Early Warning System, it was built by West-

Co. and installed by Long Lines Dept. of the
American Telephone and Telegraph Co.

 RCA has formed a new department to design, manufac-
ture and market industrial electronic computers and sys-
tems. The new department will be located in the Boston
area. C. M. Lewis is Manager. R. W. Sonnenfeldt is Man-
ager of Engineering, and C. E. Asch is Manager of Opera-
tions Control.

 Raytheon Co., Bedford, Mass., has a contract from the
Navy Special Projects Office for guidance components for
the Polaris fleet ballistic missile. They will provide indus-
trial support to M.I.T.'s Instrumentation Lab which has
responsibility for design of the guidance system.

 Currently available "average" commercial UHF -TV re-
ceiving sets "are probably not adequate" for air -borne
TV, says Martin T. Decker, Central Radio Propagation
Lab., National Bureau of Standards. The system will
require the use of equipment with max. possible transmis-
sion power and low receiver noise figures.

STUDIO FOR
OLYMPIC

GAMES
Russ Hodges (r), N.
Y. Giants sportcaster,
Franklin Mieuli 11)

radio producer, and

Neal K. McNaugh-
ten, Manager of

Ampex Professional
Products Co., inspect
Ampex's plans for
special recording
studio to service the
Win ter Olympic
Games at Squaw Val-
ley, Calif.
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Here's a remote location studio that can be built for less than $200.
It is portable and can easily be carried by one man.
Studio folds into a compact unit for transporting in a car.
Complete construction details are given.

Broadcast Engineers ...

Build a "Suitcase" Studio

A S the broadcasting picture be-
comes more and more competi-

tive, radio stations look for ways
in which to program better and
easier. The old fashioned "remote
broadcast" has grown until today
many stations originate more pro-
grams outside the studios than
within them. This lets the public
see the personality they hear on

the air, and frequently draws large
crowds to the sponsor's location
where the broadcast is originating.
It is one of many things modern
radio broadcast stations are doing
to become more "progressive."

To make the modern platter hop
or store broadcast quick, easy and
inexpensive, this station built a
"suitcase studio." It is used in

Fig. 1: The suitcase studio is packed and ready for travel to a new location.

By PHILIP WHITNEY
Manager
Richard F. Lewis Jr. Radio Stations
WING Building
Winchester, Virginia

conjunction with their 150 MC re-
mote pickup broadcast transmitter.
These, together with a small motor-
generator make a broadcast pos-
sible at any time. There is no need
to burden the telephone company
with a quick decision necessitating
a telephone drop installation with-
in the hour. Pickups are possible
which previously had been impos-
sible because of no telephone fa-
cilities or facilities not good enough
for broadcast. With the equipment
to be described, broadcasts utiliz-
ing two microphones, two turn-
tables and a tape recorder can be
originated anywhere upon the spur
of the moment.

The "suitcase studio" is so named
because it is a complete consolette
with turntables and microphone
mounted on a single table. The
legs can be removed, tables strapped
down, and the whole unit easily
picked up by the carrying handle.
One man can carry the suitcase
studio in one hand and a portable
tape recorder or the remote pickup
transmitter in the other. It is easily
transported in a car or station
wagon.



Fig. 2: Front view of
studio. Note the car-
rying handle above
letter "C".

where the announcer keeps the
power supply for the consolette, a
receiver for talk -back from the
studio, prizes and stacks of records.

A multiple outlet is screwed to
one table edge. Into this are
plugged the two turntables, a small
work light mounted over the table
work area, and the consolette
power supply. A long, heavy-duty
extension cord is attached to the
multiple outlet.

The power supply is assembled
on a separate 4 x 4 x 6 in. mini -
box, with a five -prong power out-
put socket mounted on its side.
Into this the operator plugs the
consolette power cable when set-

ting up. This allows the power
supply to be set on the floor far
enough away from the input trans-
formers to prevent hum.

Common screen door springs are
fastened to screw eyes so that when
the unit is being transported, the
springs are brought up over pads
on the tops of the turntables to
hold them in place.

The turntables are inexpensive
four -speed tables obtainable for
about $37.50 each. They are entire-
ly satisfactory, with a heavy ma-
chined cast -aluminum table. They
must, of necessity be small and
light, or the whole purpose is de-
feated. The tables are mounted

Fig. 3: Studio is compact and uncluttered. Space under table is used for storage.

Simple high impedance mixing
is used in the consolette, with a
flat preamplifier being used for the
microphone input, and equalized
preamps being used for the GE
variable reluctance pickup inputs.
The circuit used in the latter is
similar to the one recommended
by the manufacturer.

One microphone preamplifier is
used. The two microphone inputs
are switched with a dpdt telephone
type lever switch. All inputs are
switched into the program ampli-
fier, off, or into the audition ampli-
fier with the same type of switch,
obtainable at supply houses for 79
cents each. The program and au-
dition busses are switched to the
inputs and audition amplifier with
a similar type switch. An ear-
phone jack is provided. Most oper-
ators prefer to use a set of phones
because of the high ambient noise
generally prevalent at a remote
broadcast.

The diagram of the table top is
self-explanatory. It consists of 1/4
inch plywood, topped with mottled
gray linoleum (or Formica). The
legs are turned from pine or red-
wood and bolted to the drop -edge
of the table top with carriage bolts.
The drop -edge protects the turn-
table motors and the portion of the
consolette projecting below.

This consolette is built on a
4 x 17 x 3 in. chassis, which is
mounted on a 51/4 x 19 in. gray
hammertone aluminum panel. The
panel is tipped at a 60 degree
angle so that the chassis protrudes
through a hole cut in the table top.
Thus all microphone and turntable
inputs are readily accessible from
the bottom of the table, and all
tubes are quickly reached. The
panel is mounted on two triangles
of wood which were painted to har-
monize. These are screwed to the
edges of the hole cut in the table
top, and the panel is then, in turn,
fastened to these with screws and
countersunk washers. The table
is edged with either chrome plated
or stainless steel edging. Avoid
aluminum edging. This has been
found to rub off and announcers
complain of dirty shirts as a result.

The front billboard is made of
1/8 in. Prestwood or hardboard,
painted by a local sign painter with
the station call letters. This hides
the storage area under the table



Suitcase Studio (Continued)

according to the manufacturer's
specifications and templates. The
pickup arms are also inexpensive
units obtained from a supply house
for less than $13 apiece. They are
viscous damped arms. This is help-
ful when the unit is being used at
a record hop session, where the
floor is apt to be rocking with the
music. The viscous damping helps
keep the pickup needle in the rec-
ord groove under adverse condi-
tions. GE variable reluctance, high
impedance, cartridges were used.
Keep the unshielded lead from the
arm to below the table short. As
soon as possible after the line is
through the table top, attach a
shielded line. It was found impos-
sible to use shielded line above the
table top, as this seriously ham-
pered the movement of the arm and
caused groove -skip. The shielding

is important, especially if the unit
is to be used with a remote pickup
broadcast transmitter.

The consolette output is 500
ohms to feed either a telephone line
or the 500 ohm input of a remote
broadcast pickup transmitter. The
output level is measured by a three-
inch square, inexpensive VU meter
($7.50). The monitor speaker is
mounted in an aluminum chassis
which has been cut off at a 60 de-
gree angle so that it can be
mounted beside the consolette on
the table top. A relay cuts the
speaker off when either mike is
used.

The size of the consolette dic-
tates that 2 -in. round knobs be
used for the faders. The fader pots
and switches were mounted on
aluminum angles attached to the
side of the consolette chassis, so

A REPRINT

of this article can be obtained by
writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES

Chestnut & 56th Sts., Phila. 39, Pa.

that merely by removing the knobs,
the panel can be quickly removed
for servicing.

A small level was cemented to
the table top in an out-of-the-way
location. This is used when setting
up the unit at a new location to be
sure that the table is level to avoid
pickup tracking problems.

The complete consolette, power
supply, turntables, arms, pickups,
table, and billboard sign cost less
than $200 to build. It has earned
more than this amount in the time
that it has been used. Besides this
amount, the promotional value of
the unit has exceeded its cost
many times.

Fig. 4: Schematic diagram shows circuits of the "suitcase studio". Entire studio can be built for less than $200.
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1003-C3 VIDEO
TRANSMISSION
TEST SIGNAL
GENERATOR

Produces multi -fre-
quency burst, stairstep,
modulated stairsteP,
white window, composite
sync. Variable duty
cycle. Regulated power
supply. Operates from
internal or studio sync.
Checks video tape re-
corders.

TE LE

1004.13 VIDEO

TRANSMISSION

TEST SIGNAL

RECEIVER

Very rapid and accurate
measurement of differen-
tial phase and differential
gain charactegistics of
video facilities. Responds
to standard stairstep test
signal modulated with 3.58
mc, or any differential
phase or gain test signal.

TELECHROME

The Only Complete Line of

Vlpf6 TRANSMISSION
TEST EQUIPMENT

je
' 4,

1005-A VIDEO TRANSMISSION TEST SET

1005 -Al - Produces composite television
waveforms suitable for measuring ampli-
tude vs. frequency; differential gain vs.
amplitude; dynamic linearity; differential
phase vs. amplitude; high frequency tran-
sient response; low frequency transient
response; low frequency phase of streak-
ing, smears, mismatches; and other video
characteristics.

1005-A2 - Supplies composite ETA Sync,
blanking, horizontal and vertical drive sig
nals and regulated B power for itself
and 1005 -Al. Features magnetic core bi-
nary counters.

AT THE FRONTIERS OF ELECTRONICS
COLOR TV INDUSTRIAL INSTRUMENTATION  TELEMETRY

ons & Details

Available on Request

ollimeek
""

1008-A VERTICAL
INTERVAL KEYER

Permits test and control
signals to be transmitted
simultaneously with pro-
gram material, between
frames of TV picture.
Any test signal (multi -
burst, stairstep, color
bar, etc.) may be added
to the composite pro-
gram signal. Test signals
are always present for
checking transmission
conditions without Im-
pairing picture quality.
The home viewer Is not
aware of their presence.

0 ese,

0.
a

1073-01 SINE
SQUARED MINI
-SQUARE WAVE

GENERATOR

Produces new wave-
form for testing TV or
other pulse unit or
system for amplitude
and phase characteris-
tics. Sine - Square
Wave pulse is equiva-
lent to TV camera sig-
nal and is more sensi-
tive than a Square
Wave in indicating
ringing. Operates
with internal or ex-
ternal drive. Now in
use by major TV net.
works and telephone
companies.

MODEL 490A SPECIAL EFFECTS GENERATOR

With Exclusive Joy St,nir. Control

Waveform
Generator

Remote Control
Unit

Switching
Amplifier

Improved System Produces over 300 Wipes;
Inserts, Keying and Other Special Effects.

Midwest Engineering Division - 106 W. St. Charles Rd., Lombard, III., MAyfair 7-6026
28 RANICK DRIVE, AMITYVILLE, N. Y. Lincoln 1-3600 Western Engineering Division - 13635 Victory Blvd., Van Nuys, Calif., STate 2-7479

Cable Address. COLORTV TWX: AMITYVILLE NY2314 Southwestern Division - 4207 Gaston Ave., Dallas, Tex., TAylor 3-3291
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TOWER TIPS
Striped Guys
There is some talk these days about the
great advantages of stripes painted down
the backs of guys on tall towers. Supposedly,
these stripes aid the erector in making
sure the guy is pulled up very straight, to
exact length, and without any twist. Sounds
perfect.

Let's look at the facts:
A 1200' tower has a fairly large guy that
is proof -loaded and very stiff. It does not
tend to twist around. As it is pulled up by
the erector, the guy wants to go its natural
way, and this is the best way.
It is difficult to imagine an erector hauling
a 1700' 1 1/2" -diameter guy to the top of a
1200' tower and deliberately putting a twist
into it!
As to the stripe, it cannot be seen from
one end of the guy to the other, without
binoculars. But an erector will not use
binoculars. He will use common sense. He
tells his boys "hoist away" and they do.
When the guy is at the top, they put in a
pin and it's done.
Even if the stripe were visible, the idea
that exact lengths can be maintained by
keeping the stripe perfectly straight is a
little silly. The change in length of a guy
that spins around once or twice on its way
up is in the order of a few hundredths of
an inch. Who worries about a few hun-
dredths of an inch, when at the bottom
you have a 9 -foot take up?
The idea of striped guys started years ago
when certain wire rope manufacturers
began producing rope with a few brightly
colored strands. The purpose was advertis-
ing. Each manufacturer could identify his
rope to a prospective customer by its trade-
marked stripe, zig-zag or wiggle waggle.
A striped guy is very pretty and no doubt
useful in some applications. But on a
tall tower it serves no purpose-except to
identify the manufacturer.

Wolter L. Guzewicz

Cipa in iess,inc.
NORTH WALES PENNSYLVANIA

CUES
for Broadcasters

Improving Pre -Amps Performance
CLOVIS L. BAILEY, Ch. Eng., KJEF, Jennings, La.

A very simple modification of broadcast preampli-
fier output transformer connections improves per-
formance. These pre -amps use a plate blocking con-
denser to keep de out of the primary of the output
transformer, and the transformer primary winding
is returned directly to ground as shown in Figure 1
of the enclosed sketch.

A vast improvement is noted when the ground con-
nection is broken and the primary winding returned
directly to the cathode (see Fig. 2). The cathode
by-pass capacitor is removed. The single -ended out-
put stage will now exhibit push-pull characteristics,with the primary functioning as though there were a
virtual floating centertap. Less hum will be noted,
and the low bass end extended with smoother re-
sponse.

This modifica-
tion puts new
life into old con-
soles like our old
Gates Model 31.
I also use it on
all remote am-
plifiers and pre-
amps.

r00.0.
OUT

Top view shows pre -
amp output as it was

011 originally designed.
OUT Crosses indicate

points to be broken.
Circuit on left is the
modified version for
improved perform-
ance.

Turntable Equalizer Indicator
NORMAN F. ROUND, Ch. Eng.

WCCM, Lawrence, Mass.
On many occasions the operator would put the

Gray equalizer switch in the roll -off position when
using a scratchy record and forget to put it back in
the correct position. This has happened for hours at
a time and can be very detrimental to building a
listening audience. Operators can't be blamed, for
they have enough to do as it is, and especially when
one can't hear anything above 5000 cycles anyway.

(Continued on page 266)
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WASHINGTON
TV ALLOCATION PROBLEMS-The FCC Commis-
sioners desire a definite answer on television alloca-
tions through Congressional policy guideposts, and
after comprehensive technical studies as to whether
an expanded VHF television system can be established
or whether all TV should be shifted to UHF. Optimism
over the current negotiations between the FCC and
the Office of Civil & Defense Mobilization on the pos-
sible exchange of radio spectrum space for an ex-
panded VHF television system is practically non-exis-
tent among the FCC members.

VIEWS BEFORE SENATE BODY-In a two-day
session, the FCC Commissioners were subjected to in-
tensive and well-informed questioning by the Senate
Interstate & Foreign Commerce Communications Sub-
committee Chairman Pastore and his staff on TV allo-
cation problems. Chairman John C. Doerfer of the
FCC presented four expanded VHF system possibili-
ties and a 70 -channel all -UHF system, together with the
present 82 -channel VHF -UHF system as possibilities for
the long-range reallocation of TV. FCC Commissioner
Robert E. Lee was the only one of the seven FCC
members who supported the transfer of all TV into
the UHF portion of the spectrum. All Commissioners
stressed to the Senate body that the public must be

insured of sets capable of receiving signals on all the
channels allocated to TV broadcasting.

AIR -GROUND SERVICE-While supporting the FCC
rule proposals for the use of frequencies in the 454-
455 and 459-460 Mc bands in public air -ground radio-
telephone service, the American Telephone & Tele-
graph Co., General Telephone & Electronics Corp. and
Aeronautical Radio have emphasized to the Commis-
sion, in recent comments, that the service will require
many more than the two radio channels. It was esti-
mated that at least six to eight channels will be needed
to handle public air -ground telephone service from
planes flying the New York -Chicago corridor. The
AT&T again strongly advocated the establishment of
a broadband mobile radiotelephone system for all
types of mobile communications service, including air -

ground service.

INDUSTRY FORECAST-The present volume of
business of Raytheon Company is about one -four-
teenth of the roughly $7 billion total being spent in
the U. S. on military, commercial and industrial elec-
tronics. Raytheon President Charles F. Adams stated
this in a recent address in Washington. He pointed
out that electronics in a few short years has grown to
be the fifth largest industry in the nation. Much of
the impetus for the industry's growth, Mr. Adams
stated, has come from government and military busi-
ness "which today accounts for slightly more than

News Letter
half of the total industry volume." Besides equipment
and systems for the armed services, substantial in-
creases in purchases are coming from the National
Aeronautics and Space Administration and the Fed-
eral Aviation Agency. The potential growth in com-
mercial and industrial electronics is tremendous, he
stressed, and should double in volume in the next ten
years.

SCATTER TECHNIQUES-The Joint Technical Ad-
visory Committee, formed in 1948 by the Institute of
Radio Engineers and the Electronic Industries Asso-
ciation to assist the FCC, has completed a most au-
thoritative study and report on ionospheric and tropo-
spheric scatter techniques, which the JTAC stated
"must be considered in planning for future efficient
utilization of the radio spectrum." Scatter communi-
cations systems are essential for reliable transmission
for the fixed services and have a valuable potential in
long-range air -to -ground communications, the JTAC
emphasized in its report.

MICROWAVE COUNCIL-The annual meeting of

the Operational Fixed Microwave Council, to be held
in Washington March 18, is slated to appoint Regional
Microwave representatives to assist the Council chair-
man in investigation and reporting of problems of
frequency assignments in and around major terminal
areas and to coordinate activities in their areas. The
meeting has scheduled reports on the assignment of
frequencies, the FCC plans and proposals affecting
private microwave usage and on microwave equip-
ment technical standards.

National Press Building ROLAND C. DAVIES
Washington 4

MISSILE SPENDING-Defense Secretary Thomas
S. Gates predicted that military spending for expen-
sive and complex missile and communications -elec-
tronic systems will increase for the next few years.

MOON RELAY SYSTEM-The Navy demonstrated
a new communications system which utilizes the
moon as a passive reflector or relay for radio signals.
The demonstration included radio transmissions be-
tween Washington, D. C. and Pearl Harbor via the
moon.

RESEARCH & DEVELOPMENT - The Federal
budget for the fiscal year beginning July 1st was
sent to Congress. In the budget is funds for $8.4
million to be used for research and development.
This is a six percent increase over this fiscal years
expenditures.
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ROHN
COMMUNICATION

TOWER
No.
for height up to
630 feet!

* This extremely
heavy duty tower
is designed for a
wide variety of
communications of
all kinds.* This No. 60
ROHN tower is
suitable for height
up to 630 feet when
properly guyed and
installed.
* Completely hot.
dipped zinc galva-
nized after fabrica-
tion.
* Designed for

durability, yet eco-
nomical - easilyerected and
shipped. ROHN
towers have excel-
lent workmanship,
construction and
design. Each sec-
tion is 10 feet in
length.

FREE
Details and complete engineering specifica-
tions gladly sent on request. Also ROHN rep-
resentatives are coast -to -coast to assist you.

Write -Phone -Wire Today!

ROHN Manufacturing Co.
I 116 Limestone, Bellevue,
I Peoria, Illinois

Phone 7-8416

"Pioneer Manufacturers of
Towers of All Kinds"

Circle 148 on Inquiry Card
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(Continued from page 264)

Just for the fun of it, give your
men an audio spectrum test and
the result may be surprising. There
are many people who couldn't hear
hi-fi even if they wanted to.

A simple remedy, with a few
hours of work, is to put an indica-
tor light on the console or another
place where the operator can easily
see it. Use one indicator for each
equalizer, which is better than one
for both equalizers. Take the Gray
switch box apart and remove the
one section, two pole, shorting type
switch making note of the connec-
tions beforehand. In it's place, use
a Centralab 1424, 3 -section, 6 -pole,
5 -position shorting type switch.
Wire the first section the same as
the original switch, leave the 2nd
section unused for possible stereo
adaptation in the future, wire the
3rd section so that the indicator
will light on all positions except
the NAB position or whichever
one you want. Other makes of
equalizers can also be wired in the
same way. Use the filament voltage
of the console to light the indica-
tors.

RADAR ROW

Nine SPG-55 radars, used with the Navy's
ship -to -air TERRIER missile, are being tested
at this facility operated by Sperry Gyroscope
Co. at MacArthur Field, L. I. Testing program
involves an area of over 100,000 square feet.

Control for U.S. Instrument
British electronic engineers have

developed equipment to drive an
American - made instrument. The
equipment, amplifier and filter unit,
has been developed by Armstrong
Whitworth Equipment, Ltd., Bagin-
ton, Coventry, to drive the Glennite
Interferometer made by Gulton In-
dustries for the calibration of ac-
celerometers.

The A.W.E. equipment enables cor-
rect excitation of the equipment to
be obtained at reduced power out-
put from the driving source and, at
the same time minimizes the effects
of any harmonics present in the driv-
ing source output.

IMMEDIATE DELIVERY OF ALL TYPES
BY THE LEADER FOR OVER 10 YEARS

NAVY TERMINAL BOARDS

Solid Block 171310

Feed-Thru Terminal Block 7TB12

Gen -Pro military terminal boards are manufactured and
inspected in accordance with latest revision of MIL -T-16784,
BuShips Dwg. 9000 -S6505 -B-73214 and BuOrd Dwg.564101. Molding compound, per MIL -M -14E assures low
dielectric loss, high insulation resistance, high impactstrength.

NEW MINIATURE TYPES NOW AVAILABLE
Gen -Pro miniature type military terminal boards conformwith Bureau of Ships Drawing RE10-D-764, as referencedin MIL Standard #242.

WRITE today for new catalog Miniature
with illustrations & specifications 26TBIO

GENERAL PRODUCTS CORPORATION
Over 25 Years of Quality Molding

UNION SPRINGS, NEW YORK TWX No. 169
Circle 158 on Inquiry Card
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FIVER FOR ALL

APPLICATIONS
arT4:.
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MINIFILTERS
New Minifilters provide almost the same char-
acteristics (with attenuation only slightly less)
as the industry's standard interstage and line
filters immediately below.
BPM band pass units are 10K input, output to
grid; 2:1 gain. Attenuation is approximately
2 db ±3% from center frequency, then 35
db per octave.
HPM high pass units; loss of less than 6 db
at cut-off frequency; attenuation of 30 db at
67 cut-off frequency, 40 db at .6 cut-off
frequency. Input and output 10K.
LPM low pass units; loss of less than 6 db at
cut-off frequency; attenuation of 30 db at
1.5 cut-off frequency, 40 db at 1.65 cut-off
frequency. Input and output 10K.

INTERSTAGE & LINE
These six basic types cover most popular
filter applications and frequencies.
BMI band pass units are 10K input, output to
grid; 2:1 gain. Attenuation is approximately
2 db at 3% from center frequency, then 40
db per octave.
HMI high pass units are 10K in and out. At-
tenuation is less than 6 db at cut-off fre-
quency and 35 db at .67 cut-off frequency.
LMI low pass units are 10K in and out. At-
tenuation is less than 6 db at cut-off fre-
quency and 35 db at 1.5 cut-off frequency.
HML high pass filters are same as HMI but
500/600 ohms in and out.
LML low pass filters are same as LMI but
500/600 ohms in and out.
BML band pass units are same as BMI but
500/600 ohms input, output to grid, 9:1 gain.

TELEMETERING BAND PASS
UTC standard telemetering filters provide ex-
treme miniaturization with maximum stability,
a complete set of 18 filters taking 19 cubic
inches. They are 100K in and out and have an
insertion loss of less than 6 db, 4 pin header
for small Winchester socket.
TMN units are within 3 db at 7.5% of
center frequency . . . down more than 18 db
at ± 25% ... more than 40 db beyond 1.75
and .58 center frequency.
TMW are within 3 db at ± 15% of center
frequency . . . down more than 20 db at ±
50% . . . more than 40 db beyond 2.5 and
.4 center frequency.

TELEGRAPH TONE CHANNEL
These band pass filters for multiplex trans-
mitting and receiving provide maximum sta-
bility in miniature sizes. Both receiving and
transmitting types are 600 ohms in and out,
and employ 7 terminal header for sub -minia-
ture 7 pin socket.
TGT transmitting filters are within 3 db at ±
42.5 cycles from center frequency . . . down
more than 16 db at ± 170 cycles . . . down
more than 7.5 db at adjacent channel cross-
over.
TGR receiving filters are within 3 db at ±
42.5 cycles from center frequency . . . down
more than 30 db at ± 170 cycles . . . down
more than 15 db at adjacent channel cross-
over.

And Special Units to
Your Specifications
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2C00, 3000,4000, 500C. 10000

BTI-60, 100, 120
11141.200, 400, 500, 800, 1000, 2C00, 3000
LMI-200, 400, 500, 300, 1000, 1500, 2000,

2500, 3000. 4000. 500C, 10000
BAIL -400, 1000
111411.-200, 300, 500, 1000
LN 1.-1000. 1500. 2000. 2100. 4000. 1000,

10000, 12000
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STANDAR 3 STOCK FREQUENCIES
(number in figure is KC)

TMN-1.7 TMN- 5.4 TMN-30
TMN-2.3 TMN- 7.35 TMN-40
TMN-3.0 TMN-10.5 TMN-52.5
TMN-3.9 TMN-14.5
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TRANSMITTING
STANDARD STOCK

FREQUENCIES
TGT-425
TGT-535
TGT-735
TGT-935
TGT-1105
TGT-1275
TGT-1145
TGT-1515

TOT -1785
TOT -1955

.:number in figure

TG --2125 is CyCles)

TC--2295
T67-2465
TC--2635
TC--2805
T6--2975

CLOCVO.ES

RECEIVING

TCR-425 T6R-1785
TIIR-595 TOR -1955
T6R-765 T11-2125
TIII-935 161-2295
TIR-1105 16R-2465
T6R-1275 161-2635
118-1445 161-2805

18-1615 11GR-2975

WM. Foe
NEW Cowilog

BRA ease
(NIL AF)

% x % x 1%"
Weight....1 oz.

HPM and LPM
case (MIL AG)

1 x 1 x 1%"
Weight....25/a 02.

Bass 13(. x 1%."
Height, BMI, LMI, BML 1%"
Height, HMI, HML, LML 2%"
Weight 6 oz. and 9 oz..

TMN-2.3 thru
TMW-70
x 2%2 x 1%"

Weight ..1.2 oz.

TMN-.4 thru
TMN-1.7

9f, x 1751 x 2"
Weight....3.5 oz.

TIT CASE TIN CASE
1;x1% x2'/." 1% xl%x*A"
Weight....8 oz. I Weight... 15 oz.

UNITED TRANSFORMER CORP.
150 York* Street, Now York 13, N. Y.

PACIFIC MFG. DIVISION: 4008 W. 1EFFERSON BLVD., LOS ANGELES 16. CALIF.
EXPORT 11 -VISION: 13 EAST 40th STREE-, NEW YORK 16, N. Y. CABLES: "ARLAB"
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AfeifMON POWER 60 AND 400 CPS TRANS/414GS

STANDARD LINE OF FAST RESPONSE

TRANSISTOR /11.16A/ETIC
4/1/1PL/AIER

FOR SERVO MOTOR CONTROL

For driving AC servo motors in
industrial and military servo sys-

tems which require hi -power,
fast response and (static) high

reliability.

A COMPLETE SERVO AMPLIFIER
DRIVE SYSTEM IN A SINGLE

PACKAGE
TEMPERATURE STABILIZED

FAST RESPONSE
HIGH GAIN

INSTANTANEOUS START
SMALL STANDBY POWER

RUGGED
HIGH RELIABILITY

QUADRATURE REJECTION
SERVO MOTOR COMPATIBILITY

For complete data on 60 & 400 CPS TRANSI-MAGS' Request Bulletin S-961

PERFORMANCE SPECIFICATIONS  AC INPUT  TRANSI-MAG

400 (PS TRANSISTOR MAGNETIC SERVO AMPLIFIERS

MODEL TMA 45018 TMA 45718 TMA 46018 TMA 470IB INA 48011 TMA 49018
MAXIMUM

POWER OUTPUT
85 Watts 130 Watts 200 Watts 850 Watts 1500 Watts 2500 Watts

TYPICAL SERVO

MOTOR LOAD
Diehl

FPF 49-19-1
Diehl

FPF 66-26-1
Diehl

FPF 85-16-1
Diehl

ZP 105-2217-1
Diehl

ZP 143-2256-1
Diehl -

ZP 162-2209-1
POWER SUPPLY 115V 400 CPS 1 Phase
MAXIMUM

OUTPUT VOLTAGE 115VAC 220VAC

INPUT IMPEDANCE 10,000 OHMS
MAXIMUM

POWER GAIN
1x10' 1.5)(107 2.2x10' lx101 1.7,10' 2.7x10'

SENSITIVITY
0.3VAC INTO 10,000 OHMS FOR FULL POWER OUTPUT

RESPONSE TIME .01 SECONDS

AMBIENT

TEMPERATURE -55°C to +71°C

MAGNETIC AMPLIFIERS INC.
632 TINTON AVENUE  NEW YORK 55, N.Y. CYPRESS 2-6610

West Coast Division
136 WASHINGTON ST. EL SEGUNDO, CAL  OREGON 8-2665

Slide Plate

(Continued from page 145)
than 5 milliwatts of signal power.

The unit stores and displays the
last signal entered into it until
commanded to accept and display a
new signal input. In simple
English, this means the following:
Once the Slide Plate has been set
to display a given character, then
if the signal inputs are removed
or even changed, it will not affect
the character being displayed. This
in turn means that a group of Slide
Plates, once set up to display a
given message or number, will con-
tinue to display this message with -

The Slide Plate is available with 16 40,
or up to 64 characters for special uses.

out the use of any auxiliary mem-
ory or storage equipment. In other
words, the Slide Plate contains its
own memory storage.

Besides the signal inputs, there
is a single "set -pulse" input. To
command the change to a new
number and store the new num-
ber, it is merely necessary to im-
pulse the "set -pulse" lead of the
Slide Plate or bank of Slide Plates.
This commands the units to drop
the old digit and accept and dis-
play and store the signal informa-
tion available to each at that mo-
ment.

The equipment has suitable
check -back and verification circuits
to verify that the signals have
been properly accepted. It also has
storage readout so that digits or
characters previously read into a
bank can be read back into the
source equipment at some subse-
quent date or time.

Included are all of the practical
characteristics desired in today's
readout devices, such a high
brightness, wide viewing angle,
single plane presentation, and
so on.

Not only numeric information,
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but also all of the alphabetic in-
formation plus special symbols, can
be displayed. The Slide Plate will
be available with 16 characters, 40
characters, and for special applica-
tions, up to 64 separate characters
may be presented by a single
Slide Plate.

Further, it will be available not
only in the super -sensitive version
to work directly from flip-flops, but
also in a self -setting version where
the signal power required will set
the Slide Plate directly, without
the necessity for a set -pulse com-
mand. This unit will operate from
relay contact closures or higher
powered flip-flops. It will work on
either unprimed inputs only or
both primed and unprimed inputs.
Any BCD code can be provided and
direct translation from teletype
signals can be provided.

Here is an example of how the
device works : An airline wishes
to display scheduled departure
times for various flights at numer-
ous locations such as passenger
terminal, commissary, maintenance
shops, downtown ticket sales office,
and so on. If a bank of Slide Plate
displays are set up at each loca-
tion together with some common
control equipment, it is only neces-
sary to send out appropriate pulses
over a single pair line to simul-
taneously set up, store, and display
the desired information at each
location. As the Slides Plates con-
tain their own storage, the latest
impulse information will continue
to display until changed by new
information.

Scope
(Continued from page 146)

delay units with resolution to
1 x 10-10 sec., wide band sampling
scope, and power access plug -ins
will shortly become available.

The new cathode-ray tube, espe-
cially designed for incorporation
with the scope, offers good sensi-
tivity, high light output, fine reso-
lution, and an acceleration poten-
tial of 12,000 volts.

The 425 measures 27 x 131/2 x
161/2 in. and requires 1000 watts at
60 CPS, 115 v. Operation from 48
through 450 CPS can be made with
the selection of an optional motor.
The instrument weighs 125 lbs. and
is ventilated by filtered forced air.

III

Bendix
Craftsmanship
at work for you

ONE IN A SERIES

SPECIALLY BUILT HARD GLASS TUBES

THAT WITHSTAND SEVERE CONDITIONS

6094
BEAM POWER AMPLIFIER

6384

BEAM POWER AMPLIFIER

 Ideal for modern high-
performance aircraft and
missiles.

 Processing at higher
vacuum and under the
higher heat permitted by
the hard glass reduces gas
and contamination and
provides greater operat-
ing stability at higher
temperatures.

 Ceramic element sep-
arators prevent emission
loss from high heat and
vibration.

 Solid aluminum oxide
heater -cathode insulator
eliminates shorts, reduces
leakage.

For complete line of tubes,
write RED BANK DIVISION,
BENDIX AVIATION CORPORA-

TION, EATONTOWN, NEW

JERSEY.

6754
FULL -WAVE RECTIFIER

ELECTRICAL RATINGS*
6094

Beam Power
Amplifier

6384
Beam Power

Amplifier

6754
Full Wave
Rectifier

Heater Voltage (AC or DC)** 6.3 volts 6.3 volts 6.3 volts

Heater Current 0.6 amp. 1.2 amp. 1.0 amp.

Plate Voltage (Maximum DC) 300 volts 750 volts 350 volts

Screen Voltage (Maximum DC) 275 volts 325 volts -
Peak Plate Voltage

(Max. Instantaneous) 550 volts 750 volts -
Plate Dissipation

(Absolute Max.) 14.0 watts 30 watts -
Screen Dissipation

(Absolute Max.) 2.0 watts 3.5 watts -
Heater -Cathode Voltage (Max.) *450 volts X450 volts X500 volts
Grid Resistance (Maximum) 0.1 Megohm .1 Megohm -
Grid Voltage (Maximum) 5.0 volts 0 volts -

(Minimum) -200 volts -200 volts -
Cathode Warm-up Time 45 sec. 45 sec. 45 sec.

*For greatest life expectancy, avoid designs which apply all maximums
simultaneously.

**Voltage should not fluctuate more than *5%.

MECHANICAL DATA 6094 6384 6754

Miniature Miniature

Base 9 -Pin Octal 9 -Pin

Bulb T -6V2 T-11 T-61/2

Maximum Over-all Length 2h' rye 2%'
Maximum Seated Height 234' 21W 2%'
Maximum Diameter 34' Phs' rh'
Mounting Position Any Any Any

Maximum Altitude 80,000 ft. 80,000 ft. 80,000 ft.

Maximum Bulb Temperature 300°C 300°C 300°C

Maximum Impact Shock 500G 500G 5000

Maximum Vibrational
Acceleration 50G 50G 50G

VISIT US AT THE N. Y. I.R.E. SHOW, BOOTH 2228

SPECIAL-PURPOSE TUBES DEPARTMENT

_ed'v/Y Division
EATONTOWN, NEW JERSEY

AVIATION CORPORATION

West Coast Sales & Service: 117 E. Providencia Ave., Burbank, Calif.

Export Sales & Service. Bendix International Division, 205 E. 42nd St., New York 17, N. Y.

Canadian Distributors Computing Devices of Canada, Ltd., P. 0. Box 508, Ottawa 4, Ontario
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THIS CAPS IT!

COSTS 25% LESS,

WEIGHS 25% LESS,

MEETS EVERY

SERVICE REQUIREMENT,

LOOKS BETTER,

AND DOESN'T

REQUIRE ANY

FINISHING !

This is a "spin -cap", used
on Lindsay Water Softeners.
It used to be made of brass,
like the one at left, above.
We now make it of nylon-

reinforced premix plastic as shown at right, above.

We suggested the design, and even though we're
plastics people, recommended that the brass
threads be retained. (Salt used in the water -soft-
ener could cause mechanical binding of plastic
threads.) The threaded brass insert, also our
design, (see small photo above) is molded integrally
with the cap, to solve that. Tooling required about
one-half the time required to tool up for casting.
The big point is, Lindsay Company and their
customers are benefiting from a practical improve-

ment - and saving money!
NOTE: We regularly
mail case histories
showing new things
we're doing with rein-
forced plastics. If
you'd like copies just
jot your name and
address on this cou-
pon and mail it to us.

You can, too. Send us draw-
ings, photos, or sketches,
and tell us what you want
to do. We'll tell you, frankly,
what is possible and prac-
tical ... help you engineer it
... and produce it for you!

Yes! Put me on the list to receive Case Histories.
NAME

COMPANY

I STREET

CITY ZONE STATE

structural fibers, inc.
FIFTH AVENUE  CHARDON, OHIO

REINFORCED PLASTIC PRODUCTS BY THREE PROCESSES:
 internal pressure molding

 matched die molding
 premix molding

Molecular Electronics (Continued)

the affected portion can be cut away and the unaffected
portion put to use.

Now, although this dendritic method has immediate
usefulness in molecular electronics today, its greatest
significance is its ability to bring about a number of
completely new processes for producing functional
blocks. We are now most interested in a recent modi-
fication which makes it possible and practical to carry
out diffusion, plating, and evaporation processes di-
rectly on the crystal as it grows from the furnace
melt. With this technique, we are able to create semi-
conductor devices ready for the attachment of leads.
One of the first uses has been to grow transistors in
the form of a long germanium crystal.

Fig. 9: The button -
like object performs
the same function
as the conventional
amplifier on the
table.

When the ribbon-like crystals are cut into segments,
only simple processing is needed to produce transis-
tors at a yield very near 100%. By this method we
have produced lengths of ribbon along which small
multiple -junction subsystems are distributed, Fig. 5.
Since these ribbons can easily be processed to become
a long series of tiny amplifiers, it is not at all fa-
cetious to say that this ribbon can be snipped into
lengths to give us amplifiers of whatever gain we
desire.

A more recent and extremely significant achieve-
ment resulting from research is that we have now dis-
covered how to grow multizoned crystals as dendrites,
directly from the furnace melt. This development is
a major event in new technology of molecular elec-
tronics. It makes available basic building blocks hav-
ing at least three layers of zones and two interfaces.
Thus it will no longer be necessary to perform many
operations to create multizone elements.

In considering the implications of this basic method
for crystal growth, one most interesting possibility is
that it will prove practical to combine our ability to
grow multizoned crystals with ability to perform
operations on the crystal at the time it is growing in
the furnace. Admittedly, to achieve near -automatic
production of semiconductor devices and molecular
electronic function blocks is a long-range objective,
but it is probable that we will eventually be able to
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"grow" from a pool of molten semiconductor materials
some items of electronic equipment that today are of
the order of complexity of radio receivers and am-
plifiers.

Fortunately to achieve these and other objectives,
we are not forced to rely on "wild -tatting" methods of
prospecting for new materials. Instead, present pro-
grams of planned research will yield solutions to such
problems as the development of materials that will
withstand very high temperatures and intensive radia-
tion and the development of function blocks that will
have high power handling capacities.

Investigation now underway with the so-called 3-5
compounds supports our approach to the development
of heat- and radiation -resistant materials. And our
ability to produce large, perfectly flat working sur-
faces on crystals of germanium will be basic to in-
creasing the power -handling capacity of molecular
electronic function blocks.

TRULY COMPATIBLE STEREO records are
claimed by a new process of recording developed by
Fairchild. The process was researched and devel-
oped initially by engineers of the Beltone Recording
Studios in New York. As part of the test full stereo
discs were packed as monaural records, and accord-
ing to reports there have been no complaints that
the stereo discs sounded inferior on monaural
phonos.

Coming Soon!
Another "E I" exclusive

a

MARKETING MAP
of the United States

showing

distribution of electronic plants in
the United States on a county
basis. Plus, detailed breakdown
of 8 major metropolitan areas.

Watch for date of publication

ELECTRONIC

INDUSTRIES

A Chilton Publication
56th & Chestnut Sts., Phila. 39, Pa.

Sherwood 8-2000

Visit us Booth 4301-4303-IRE Show

...IT GLOWS when
the FUSE BLOWS!
NEW INDICATING
3AG FUSE POSTS

EXAMINE THESE FEATURES

ACTUAL
SIZE

cr

New patented knob design
to assure high degree of
illumination for instant
blown fuse indication.

2 Positive finger grip for knob
extraction.

3 Quick service bayonet lock.
4 Constant tension beryllium

copper coil & leaf spring for
positive contact & lower
millivolt drop.
Optional-at extra cost-
neoprene "0"ring to assure
splash -proof feature.

CO) New high degree vacuum
neon lamp for greater bril-
liance & visibility.

(7 Impact black phenolic ma-- feria! in accordance with
MIL -M -14E type CFG.

41,1) One piece brass hot tin
dipped non -turning bottom
terminal.

ODouble flats on body to per-
mit mounting versatility.

1

SPECIFICATIONS:

LITTELFUSE

PART p VOLTAGE RANG!
344006
344012

21/2- 7 volts
- 16 volts

344024 16 - 32 volts
344125
344250

90 -125 volts
200 -250 volts

Maximum current rating 20 amps.

PHYSICAL CHARACTERISTICS-Overall length 23A" with fuse in-
serted  Front of panel length '1'16"  Back of panel length 19A6"
 Panel area front 15/16" dia.  Panel area back 'Me" dia.  Mounting
hole size (D hole) %" dia. flat at one side.
TERMINAL-Side-one piece, .025 brass-electro-tin plated  Bot-
tom-one piece, lead free brass, hot tin dipped.
KNOB-High temperature styrene (amber with incandescent bulbs
-21/2 thru 32 volts-and clear with high degree vacuum neon
bulbs -90 thru 250 volts)  Extractor Method-Bayonet, spring
grip in cap.
HARDWARE-Hexagon nut-steel, zinc cronak or zinc iridite
finish  Interlock lock washer-steel, cadmium plated  Oil re-
sistant rubber washer.
MILITARY SPECIFICATIONS-MIL-M-14E type CFG. Fungus treat-
ment available upon request per Jan -T-152 & Jan -C-173.
TORQUE-Unit will withstand 15 inch lbs. mounting torque.

-.OF STAMP AS SAO EuF

-- 2% MAX WITH FUSE MISEE110
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The BEAM -X
for Switching

THE BEAM -X, a new decimal
electronic switch, is expected to

effect a major change in basic elec-
tronic design logic from binary to
decimal systems. It is manufac-
tured by Burroughs Corp.'s Elec-
tronic Tube Div., Plainfield, N. J.

The switch uses small rod mag-
nets within a vacuum to control
the position of an electron beam to
any one of ten output positions.
The result is a decimal switch so
reduced in size, weight, cost, and
power as to outperform all existing
vacuum. magnetic, and solid state
devices in multiposition switching,
counting, distributing, multiplex-
ing, and allied operations.

In a typical ten -position switch-
ing application, the new decimal
switch eliminates the 90 transis-

This Beam -X counting module uses only 56 components. All transistor module would require
146. Unit handles 110 KC counting frequency.

tors, diodes, and resistors which
must be used with binary logic to
achieve the same results.

The BEAM -X Switch type B X-
1000 is the first in a new series.
Though functionally similar to its
predecessor, the Beam Switching
Tube, its radical design makes it a
completely new device. The BX-
1000 is 10 times lighter (11/2 ozs.),
5 times smaller (3 cu. inches) and
1/2 the price (less than $25.00 in
small quantities).

Not only have size and weight
been tremendously reduced through

the elimination of heavy external
magnets and still larger magnetic
shields but other major factors of
performance, cost and packaging
have been vastly improved. Tubes
may now be stacked directly adja-
cent to each other on approximate-
ly one -inch centers without con-
cern for magnetic interreaction.
Major factors of cost previously
associated with critical alignment
of external magnets or shields and
expensive potting compounds have
been eliminated. Improved uni-
formity of characteristics and ex-

SPECTROL PRECISION POTENTIOMETERS

Two valid reasons why

delivers better non-linear pots

REASON COMPUTER DESIGNED
Spectrol uses an IBM 610 computer to turn out complex
non-linear precision pots in record time, both single-turn
and multi -turn. This in itself saves weeks of time, assures
more accurate performance. Spectrol alone maintains a
computer on the premises for this purpose.
How It Works. Design information in the form of X and Y
coordinates or mathematical equations describing the par-
ticular parameters of a given non-linear function is entered
in the computer. Previously programmed general equations
automatically compute from these data points manufactur-
ing directions in terms of winding equipment settings, cam
angle and radii. An electric typewriter prints out winding
machine set-up information on a form which is sent to
production. Simultaneously, a punched tape is made to
store data for repeat requirements.
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Fig. 1: E. Pietz®
Pres., and J. Ruzicka,
R & D Engineer at
Barry Controls, Inc.,
test internally -damp-
ed cantilever beam in
a vibration exciter.
Damped beam is at
right.

"Built -In" Damping
VIBRATION -RESISTANT struc-

tural members and production
assemblies with high damping char-
acteristics "built -into" the struc-
tural fabrications have been devel-
oped by Barry Controls, Inc., Water-
town, Mass. The Company sees
applications of these RigidampR
structures in electronic circuit
boards, electronic chassis, shelves,
dust covers, aircraft parts, test
fixtures, missile skins, relays, and
other parts. Although most of the
research has been with metal struc-

tures, successful applications have
been made with structural plastics
as well.

The low resonant response of the
new structural members is illus-
trated in Fig. 1. Two cantilever
beams of similar cross section are
mounted in a vibration exciter.
The beam on the left is solid alumi-
num, the other is the Company's
new vibration resistant construc-
tion. Both are tuned to the same
resonant frequency, with the
damped beam resonating far less

tended operating ranges are natu-
ral by-products.

The BX-1000 has useful constant
current outputs, positive switching
elements, and memory in each of
its ten positions. It may remain
stationary indefinitely or switch at
speeds exceeding 10 Mc either
sequentially or at random. Further,
it may be interconnected as a dis-
tributor of any number of posi-
tions less or greater than 10, and
be preset to any position and re-
set in less than a miscrosecond.

Operating flexibily and efficient-
ly with respect to B+ voltages, it
can be used equally well in high
or low voltage systems. In vacuum
tube circuits, outputs as high as
200 volts can be obtained while in
transistorized systems it can be
operated by 12 volt signals directly
from the solid state circuitry.

Ruggedly constructed to with-
stand shock and vibration, and in-
sensitive to temperature extremes,
the new BEAM -X Switch is an
ideal component for applications in
ground support equipment, mis-
siles aircraft and space technology,
and in commercial and industrial
products.

REASON

1111111111111=11111111111111r.

LIBRARY OF TAPES

Spectrol also maintains an extensive library of
tapes with programs for the solution of general
non-linear potentiometer design equations,
saving hours of calculation time and providing
error free results. Again, you receive a superior
product sooner.

Let us know your design requirements.
With Spectrol's time -saving
techniques, you can expect a quote
within a few days.

Contact your Spectrol representative for more details about
Spectrol linear and non-linear precision potentiometers, or write
direct. A 4 -page specifications brochure is yours for the asking.
Please address Dept. 25-3.

ELECTRONICS
CORPORATION

1704 South Del Mar Avenue San Gabriel, California
92
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Telephone Relay
interchangeable with

many other makes

Stromberg-Carlson's type "E" relay
combines the time -proven character-
istics of the type "A" relay with a
mounting arrangement common to
many other makes.

As the drawing above shows, uni-
versal frame mounting holes and
coil terminal spacing allow you to
specify these relays-of "telephone
quality"-interchangeable with the
brands you have been using. Costs
are competitive and expanded pro-
duction means prompt delivery.

Welcome engineering features of
the telephone type "E" relay are-
Contact spring assembly: maximum of 20
Form A, 18 B, 10 C per relay.

Coil: single or double wound, with taper tab
or solder type terminals at back of relay.

Operating voltage: 200 volts DC maximum.

You may order individual can
covers in a choice of 3 sizes for the
new relay, as well as for our type
"A" and "C" relays.

For complete details and specifi-
cations on the "E" relay and other
Stromberg-Carlson relays, send for
your free copy of Catalog T -5000R2.
Write to Telecommunication Indus-
trial Sales, 126 Carlson Road, Roch-
ester 3, New York.

STROM BERG -CARLSON
A DiviSiory OF

GENERAL DYNAMICS

Circle 157 on Inquiry Card

Fig. 2: Rigidamp
structural members.
Aluminum beam at
left contains 14 steel
inserts. It has same
dimensions as stand-
ard 3 in. I-beam.

(Continued from page 273)
than the conventional one. The
action is shown at the two beams'
fundamental resonant frequency
and at their first and second har-
monics.

The materials attain their high
damping action by special lam-
inated and cellular construction.
Sheets and thin rectangular section
beams are laminated of conven-
tional materials, either metal or
plastic, separated by a viscoelastic
damping medium. In flexing under
the impressed vibration, the sepa-
rate laminations of structural ma-
terial slide relative to each other.
This sliding is impeded by the
viscoelastic material, and most of
the energy of resonance is absorbed
in straining the viscoelastic layer
in shear. Other structural shapes
such as I -beams, channels, and
angles are of cellular construction
(Fig. 2). Each cell contains an
insert separated from the cell walls

Fig. 3: At 17 CPS
sinusoidal vibration in-
put, the convention-
al beam amplifies the
vibration by a factor
exceeding 100. The
damped beam ampli-
fies by an approx.
factor of 10. At the

second harmonic the
factors are 100 and
3. At the third the
conventional beam is
50 times that of the
damped beam.

CONVENTIONAL
SOLID BEAM

CONVENTIONAL
SOLID BEAM

by the viscoelastic damping ma-
terial.

All portions of the structural
fabrication act as load carrying
members and materials can be de-
signed for virtually optimum damp-
ing characteristics in all frequen-
cies normally encountered in most
dynamic environments.

A viscoelastic damped member
or structure has slightly less load
carrying capacity than a conven-
tional member of the same mate-
rial and cross section. For identi-
cal stiffness, structural damping
imposes a slight increase in weight.
For identical cross section it means
reduced load capacity. Since many
designs are based on dynamic
stress level, these designs may not
require an increase in weight or
cross section. The construction is
not limited to a narrow range of
frequencies, by temperature varia-
tions, or by size and materials in-
volved.

FIRST MODE

SECOND MODE

THIRD MODE

DAMPED
_AMINATED

BEAM

DAMPED
LAMINATED

BEAM

DAMPED
_AMINATED

BEAM



THERMOSTATIC

DELAY RELAYS

Also - Amperite Differential Re-

lays: Used for automatic overload, un-
der -voltage or under -current protection.

2 to 180 Seconds
Actuated by a heater, they operate on
A.C., D.C., or Pulsating Current.

Hermetically sealed. Not affected by
altitude, moisture, or climate changes.

SPST only-normally open or closed.

Compensated for ambient temperature
changes from -55° to +70° C. Heat-
ers consume approximately 2 W. and
may be operated continuously. The units
are rugged, explosion -proof, long-
lived, and-inexpensive!

TYPES: Standard Radio Octal, and

9- Pin Miniature . List Price, $4.00.
Standard Delays

PROBLEM? Send for
Bulletin No. TR-81

AMPERITE
BALLAST REGULATORS

Amperite Regulators are designed to keep the

current in a circuit automatically regulated
at a definite value (for example, 0.5 amp.)
... For currents of 60 ma. to 5 amps. Operate
on A.C., D.C., or Pulsating Current.

> 20

400%01%014104
10

VOLTAGE OF 24V
mBATTERY 6 CHARGER

- VARIES AFRROx

50%

WITH AMPERITE
VOLTAGE VARIES
ONLY

2%

Hermetically sealed, they are not affected by changes in altitude,
ambient temperature (-55° to +90° C.), or humidity ... Rugged,
light, compact, most inexpensive List Price, $3.00.

Write for 4 -page Technical Bulletin No. AB -51

AMPERITE
561 Broadway, New York 12, N. Y.... CAnal 6-1446

In Canada Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10

WHY YOU
SHOULD
THINK
OF

MAPICO
WHEN YOU
THINK
OF

IRON OXIDES
FOR

FERRATES!...
First of all, Mapico provides a wide range
of pure synthetic iron oxides... unmatched
for uniformity ...produced through the
most precise automatic production controls
... in a plant with tremendous capacity. And
Mapico iron oxides are made in three typically
different particle shapes, each shape available
in many accurately graded particle sizes.
The selection of the proper Mapico oxide
assists you in controlling electronic
characteristics and shrinkage.

MAPICO IRON OXIDES UNIT

COLUMBIAN CARBON COMPANY
380 Madison Ave., New York 17, N.Y.

Pen
ken Oxides
bet 4.
M 44444 it
CERAMICS

MINERS

Columbian hos
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ado

this useful, free, in-
formative chart on
MAPICO pure syn-
thetic iron oxides for
ferrites.
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IRE Technical Papers

Radio Frequency Interference
Sert Room, Waldorf-Astoria
"Simulation Tests on an Interference Rejection

Antenna System," W. D. White and C. 0. Ball.
''Computer Simulation of Signal Environments,"

W. G. James.
"Wiring of Data Systems for Minimum Noise,"

J. V. White.
"Receiver Analysis for Interference Prediction

Purposes," D. C. Ports, R. Miller, John Savage.
"Electromagnetic Interference and Vulnerability

Reduction," J. J. Egli.
"Fire Fighting or Fire Prevention," L. A. Yar-

brough and J. W. Worthington, Jr.

Engineering Management-I
Empire Room, Waldorf-Astoria
"Management and the Employee -Owned Concept

of Young R and D Growth Firms," D. M.
Kruchko.

"An Engineering Management View of the Main-
tainability Problem," M. J. Marcus.

"Engineering Management for Creative Ap-
praisal of New Ideas-The Secret Weapon for
Technical Progress?" W. H. Beaubien.

"How to Produce Reliable Products at a Profit,"
C. W. Watt.

"Concepts of Capital Financing for Electronic
Companies," R. T. Silberman.

Advances in Aerospace Subsystems
Faraday Had, New York Coliseum
"Range Ambiguity Resolution in High PRF

Radar," N. S. Potter.
"An Ion Altimeter for Pressure -Altitude Measure-

ments," G. V. Zito.
"The Nature of Astro Doppler Velocity Measure-

ment," J. E. Abate.
"Generation of Artificial Electronic Displays with

Application to Integrated Flight Instrumenta-
tion," G. H. Balding, Charles Susskind.

"The Synchro-Magnetic Approach and Terminal
Landing System for Aircraft," Ross Gunn.

Production Techniques
Marconi Hall, New York Coliseum
"Fabrication and Interconnection of Micro -Cir-

cuits Applicable to Data Processing Equip-ment," J. E. Richardson, J. W. Burkig.
"Ultrasonic Welding of Electronic Components,"

W. C. Potthoff, C. F. DePrisco, W. N. Rosen-
berg.

"A Disquisition of the Innovations and Gadgetry
Used in the Volume Production of a Super
Power Electron Device," J. A. Jolly.

"Design and Manufacturing of a Simplified Grid
Module," Leon Jacobson.

"Micromodule Components: A Review of theState of the Art," R. A. Felmly,

Electronic Devices
Morse Hall, New York Coliseum
"Rating Power Transistors for High Current

Pulses," Peter Balthasar.
"An NPN Fusion Alloy Silicon Transistor for

Avalanche Mode' Operation," R. C. Wonsan,
W. A. McCarthy.

"Photoconductor Optical Encoders for In -Line
Readout Devices," Carl Inborn.

"Advances in Screen Structure and Data Distribu-
tion for the ELF Display System," E. A. Sack.

"Shadow Grid VHF RF Tuner Tubes," F. R. Sny-
der, C. D. McCool.

"Focus -Reflex Modulation for Electron Guns,"
Kurt Schlesinger.

Control Applications
Tuesday Morning-March 22

Starlight Roof, Waldorf-Astoria
"Decoupling Techniques in Multi -Loop Control

Systems," R. H. Loomis.
"Optimum Compensation of a Position Servo

with a Magnetic Clutch Actuator," R. J.
Hruby.

"Synthesis of a Self Adaptive Autopilot for a
Large Elastic Booster," G. W. Smith.

"Design of Optimum Beam Flextural Damping in
a Missile by Application of Root -Locus Tech-
niques," R. J. Hruby.

"Flywheel Control of Space Vehicles," J. E.
Vaeth.

Direct Conversion
Astor Gallery, Waldorf-Astoria

r REPAIR PRINTED CIRCUITS ->
With

DALIC

SELECTIVE
PLATING

Fast way to plate sliding
contacts of printed circuits
with accurate thicknesses
of gold or rhodium.

QUICK, LOW COST SALVAGE and PRODUCTION
 Repair breaks in continuity.
 Repair defective electroplating.
 Build-up circuit contact area

flush with plastic surface.

No Disassembly. No Rewiring.
Precision -plate selected areas rapidly
without dismantling components. Dalic
Process accurately controls thickness of
deposits. No immersion tanks. Mobile
equipment takes plating to the job.

 Reinforce hot -dipped solder.
 Plate tabs for wear resistance.
 Correct prototype circuit lines.
 Gold-plate flexible circuits.

Write for Descriptive Brochure.

SIFCO METACHEMICAL, Inc.
935 East 63rd Street  Cleveland 3, Ohio

A Subsidiary of
The Steel Improvement & Forge Co.

SEE DEMONSTRATION March 21.24
Hotel Henry Hudson (IRE Show) 2nd floor, 3S6 W. 58 St., New York. Opposite Coliseum

MARLANE DEVELOPMENT CO., Inc.

SPEAKER

Lloyd V. Berkner: Principal Speaker, Annual
Meeting

"Thermoelectric Converters," Kurt Katz.
"Thermionic Converters," Walter Grattidge.
"Noble -Gas Plasma -Diode Thermionic Converter,"

F. E. Jamerson.
"Magnetohydrodynomic Approaches," R. J. Rosa.
"Direct Conversion-Where Do We Stand?" R. J.

Pidd.

Broadcasting-I
Jade Room, Waldorf-Astoria
"Report on Geneva Rodio Conference," W. H.

Watkins.
"Future Possibilities for Film Room Mechaniza-

tion," J. H. Greenwood.
"Directional Antennas for Television Broadcast.ing," G. H. Brown.
"Service Area of an Airborne Television Net-work," M. T. Decker.

Audio
Serf Room, Waldorf-Astoria
"A Plotter of Intermodulation Distortion," E. F.

Feldman.
"Listener Ratings of Stereophonic Systems," H.

B. Moore.
"Calculation of the Gain -Frequency Charac-

teristic of a Multi -Mesh Transistor Amplifier
Stage Using a Programmed Computer," D. E.
Brinkerhoff.

"Automatic Compensation of an Audio System
Spectrum Operating with a Random NoiseInput," C. E. Maki.

''An Analysis of Factors Affecting Recording
Reliability and Digital Tape Recorders," Ken
Taylor.

W.R.G. BAKER AWARD

To: E. J. Nalos, General Electric Co., Palo
Alto, Calif. For: "author of the best paper
published in the IRE Transactions of the
Professional Groups."
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Engineering Management-II
Grand Ballroom, Waldorf-Astoria
"More Effective Engineering Proposals-One Key

to Success," F. W. Evans, Jr.
"The Application of Closed Loop Control Tech-

niques to Engineering Project Planning and
Control," R. W. Haine, W. Lob.

"The Professional Register-A Program for Im-
proving Engineering Management Visibility of
Technical Capabilities," N. A. Begovich.

"Management Control of Engineering Effort
through Graphic Methods," B. P. Gollomp.

Varied Views of Medical Electronics
Faraday Hall, New York Coliseum
"Introductory Remarks-Training of Medical Engi-

neers," H. H. Zinsser.
"Automatic Measurement of Enzyme Activity,"

D. I. Weinberg.
"Biological Microwave Hazards," V. T. Tomberg.
"An Automatic Physiological Telemetry and

Analog -to -Digital Conversion System," W. E.

Sullivan, J. T. Farrar, C. A. Steinberg.
Panel: Significant Variables in Biophysical Evalu-

ation of the Human under Stress
Members: Charles D. Ray, Leland Clark, Mem-

bers of the Staff of Col. John P. Stapp, Aero
Medical Div., Wright -Patterson AFB, Otto H.
Schmitt.

Modern Approaches for Improved Air
Traffic Management

Marconi Hall, New York Coliseum
"An Air Height Surveillance Radar (AHSR-I),"

T. J. Simpson.
"Automatic Ground -Air -Ground Communications

for Control of Air Traffic," W. R. Deal.
"Technical Research for Future Aviation Facili-

ties," Nathanial Braverman, W. W. Felton,
Simon Justman, R. E. Kester, L. J. Schaub, Ar-
thur Wetter.

"A Mathematical Analysis of the Performance
of the ATC Radar Beacon System," A. Ashley,
F. H. Battle, Jr.

Broadening Device Horizons
Morse Hall, New York Coliseum
"Masers," J. W. Meyer.
"Variable Reactance Devices," B. Salzberg.
"Tunnel Diodes," H. S. Sommers, Jr.
"Functional Devices," W. A. Adcock.

Tuesday Afternoon-March 22
Radar and Coding Theory

Starlight Roof, Waldorf-Astoria
"Sequential Procedures in Radar Pre -Tracking,"

Mischa Schwartz.
"Detection Range Predictions for Pulse Doppler

Radar," S. A. Meltzer, S. Thaber.
"The Search Efficiency of the Sequential Prob-

ability Ratio Search Radar," G. W. Preston.
"Group Codes for Correcting Prescribed Error

Patterns," R. T. Chien.
"Some Results on Best Recurrent -Type Binary

Error -Correcting Codes," W. L. Kilmer.

Industrial Electronic Instrumentation
Astor Gallery, Waldorf-Astoria
"An Inquiry into the Computer Automation of

Supermarkets," R. R. Segel.
"Automatic Testing and Calibration of Central

Air Data Computer," H. Langenthal.
"Electrorcs in Agriculture," F. C. Jacob.
"The Shawmeter-An Electronic Two -Color Pyrom-

eter," V. G. Shaw.

Broadcasting-II
Jade Room, Waldorf-Astoria
"Some Engineering Aspects of Video Tape Re-

cording Production," E. E. Benham.
"A Modern TV Transmitter Plant Input System,"

J. L. Stern.
"A Special Effects Amplifier for Non -Composite

or Composite Monochrome or Color TV Sig
nals," R. C. Kennedy.

"Remote Control of TV Microwave Equipment,"
J. B. Bullock.

Audio and Broadcast and
Television Receivers

Serf Room, Waldorf-Astoria
"The Present Status of Stereo Broadcasting,"

C. G. Lloyd.
"Receiver Design Considerations for Stereophonic

FM Multiplex Broadcasting," C. G. Eilers.
"The Percival Stereophonic Sound System," W.

S. Percival.
"A Continuously Variable Wireless Remote Con-

trol for Stereophonic Phonographs," A. A.
Goldberg, Arthur Kaiser.

"Automatic Stereophonic Phaser," B. B. Bauer,
A. A. Goldberg, G. Pollack.

The Human as Originator of
Signals and Schemes

Faraday Hall, New York Coliseum
"Implantable Cardiac Pacemakers," Wilson

Greatbatch.
"Detection and Analysis of HE Signals from

Muscular Tissues with Ultra Low Noise Ampli-
fiers," W. K. Volkers, William Candib.

"Stereo Dynamic Aspects of Fetal Auscultation
and Its Application to Medical Diagnosis," F.

D. Napolitani, L. E. Garner, Jr.
"Use of a High Sensitivity Capacitance Pick-up

in Heart Sound Research," Dale Groom, Y. T.
Sihvonen.

Panel: Discussion of Human Factors in Electronic
Design, Leslie Kaeburn, Walter Tolles, Edward
Llewellyn -Thomas.

Design of Equipment Reliability
Marconi Hall, New York Coliseum
"Safety Margins Established by Combined En-

vironmental Tests Increase Atlas Missile Com-
ponent Reliability," C. C. Campbell.

"Segregating Subsystem Errors of a Transistor
Magnetic Circuit," W. R. Kuzmin.

HARRY DIAMOND AWARD

To: K. A. Norton, National Bureau of Stand-
ards. For: "person in government service
for outstanding contributions in the field of
radio or electronics as evidenced by publica-
tion in professional journals."

"The Statistical Analysis of Redundant Systems,"
Fred Moskowitz.

"Some Results of an Early Reliability Program,"
R. E. Kuehn.

"Maintainability Profile Analysis," H. E. Thomas,
J. Soukup, W. Brobst.

Microwave Tubes
Morse Hall, New York Coliseum
"High Power CW X -Band Amplitron," W. C.

Brown.
"High Power L Band CW Traveling Wave Tube

Amplifiers," R. Strauss, J. McCammon.
"The Effects of Magnetic Focusing Fields and

Transverse Beam Velocities on Spurious Oscilla-
tions in Backward -Wave Oscillators," L. L.

Maninger.
"The Design and Performance of a Commer-

cial Ammonia Maser Oscillator," S. Hoofer.
"Extended -Dynamic -Range Traveling -Wave Tubes,"

J. Kliger, E. J. Downey.

Tuesday Evening-March 22
Electronics-Out of This World

Grand Ballroom, Waldorf-Astoria
"Inter -galactic Data," Lloyd V. Berkner, Morris

Tepper.
"Weather Forecasting and Control," Louis

deFlorez.
"Reconnaissance-Radio, Radiation, Infrared, Op-

tical," B. S. Pulling.
"Design for Survival (Personnel and Material),"

Hubertes Strughold.
"Communication Relaying," Jerome B. Wiesner.

Wednesday Morning-March 23
(Continued on page 278)

C

0

tn

3

=1

a.

O

O

0

O

In

DALLONS
DELIVERS

SILICON
RECTIFIERS

. . from STOCK

"In process inventory" is main-
tained to meet your medium
power silicon rectifier applica-
tion and production schedules.
A 24 hour, off -the -shelf policy
assures delivery when needed.
Tell us your requirements.

All DALLONS semiconductor
products are 100% inspected
to meet or exceed the require-
ments of MIL -S-19500 B and
MIL -STD 202A.

Call or write
for full information.

DALLONS
SEMICONDUCTORS

A DIVISION OF DALLONS LABORATOIRiES, iNC.

5066 SANTA MONICA BLVD.
LOS ANGELES 29., CALIF.
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Jet

DON'T MISS THIS

New, Miniaturized

1 mIg PRECISION

CRISIA OSCIUMOR

with transistorized,
enproportional

-controlled
oven

see it at I.R.E. Show

BOOTH 1309

REEVES-HOFFMAN
DIVISION OF DYNAMICS CORPORATION OF AMERICA

CARLISLE, PENNSYLVANIA

Circle 345 on Inquiry Card

"FOTO-VIDEO NOW THE BEST VIDEO
MONITOR IN THE INDUSTRY," says
one of the Nation's electronic leaders about the completely new modularized
FotoOlideo product pictured below.

Write or phone for
complete details

OUTSTANDING PERFORMANCE FEATURES

 Superior definition, brightness, and
contrast

 Excellent focus, interlace, and
sweep linearity

 Silicon Rectifier power supply

UNIQUE MECHANICAL FEATURES
1-Completely modularized in construc-tion. Snap out one or more of the

four modules and snap in replace-
ment-in a matter of seconds.

2-No "down time"; anyone can do it.
3-Some modules fit all sizes of monitors.

whether 14", 17", 21" or 24" screen.

Fo7'0 - ODE()
LABORATORIES. INC.

ELECTRONICS ENGINEERING AND AlNUFACTURING

96 Commerce Rose Cedar Grove. N. J. CEnter 9-6100

IRE Technical Papers

Detection Theory and
Applications to Physics

Starlight Roof, Waldorf-Astoria
"Estimation of Doppler Shifts in Noise Spectra,"

Peter Swerling.
"Optimum Coincidence Procedures for Detect.

ing Weak Signals in Noise," Jack Capon.
"A General Theory of Signal -to -Noise Ratio Im-

provanent, with Application to the Visual De-
tection of Weok Signals," N. S. Potter.

"Information Rates in Photon Channels and
Photon Amplifiers," T. E. Stern.

"An Aspect of Information Theory in Optics,"Hideya Gamo.

Broadcast and Television Receivers
Astor Gallery, Waldorf-Astoria
"Reduction of Modulation Defocussing in Tele-

vision Picture Tubes," Joseph Hoehn.
"Recent Developments in Scan Magnification,"

N. Parker, I. Csorba, N. Frihart.
"Noise Figure Performance of VHF Transistors

and Tubes at Various Operating Conditions,"
J. F. Bell, L. E. Matthews.

"A New High Performance AM/FM Transistorized
Portable Receiver," B. J. Miller, E. A. Snelling.

"Filter-Phaser AM Stereophonic Receiver," A. A.
Goldberg, Arthur Kaiser.

Electronic Component Parts
Jade Room, Waldorf-Astoria
"An Evolution Is Coming," Richard Dewitt.
"Tomorrow's Technology-Functional Electronic

Blocks," W. S. Heavner.
"Electronic Progress-Circa 1960," L. J. D. Rouge,

G. M. R. Winkler.
"The Thermionic Integrated Micro -Module Pro-

gram," C. G. Childs, A. P. Haase, M. W.
Hamilton, R. M. Hughes.

"Microcircuitry-A Practical Technology for Re-
liable Microminiaturization," F. P. Granger,
Jr., J. G. Smith.

Space Telemetry
Serf Room, Waldorf-Astoria
"A Versatile Data Processing Facility," J. P.

Randolph.
"Evaluation of Modulation Methods for Tele-

metry Usage," M. Rudin, D. Childers.
"Conceptual Design of a General Purpose Tele-

metry System," W. F. Link.
"Detection Levels and Error Rates in PCM Tele-

metry Systems," A. V. Bolakrishnon, I. J.
Abrams.

"A Highly Precise FM/FM Telemetering De-
vice," H. K. Schoenwetter.

Communication Systems Design
Faraday Hall, New York Coliseum
"Equipment Configuration and Performance

Criteria for Fully Optimized Topospheric-
Scatter Systems," C. A. Parry.

BROWDER J. THOMPSON
AWARD

To: J. W. Gewartowski, Bell Telephone Labs.,
Murray Hill, N. J. For: "best technical con-
tribution and presentation written by an au-
thor under thirty."
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Featuring... variable -rate,
all -electronic sweep with
plug-in oscillators
covering 2 to 265 mcs.

The ultra flat sweep generator model 707-* is a pre-
cision instrument with an rf output that is flat within
± 5/100 of a db over highest single octave. Particu-
larly adaptable for use with an X -Y plotter, the 707-*
features: plug-in oscillator heads; high output power
(+20 dbm belcw 150 mcs.); variable sweep rate (60
per sec. to 1 per 2 min.); and harmonics down 40 db
over highest single octave (down 30 db over the en-
tire range).

*Order Model 707-1, 2, or 3 shipped respectively with oscillator
heads H-71 (4-100 mcs.), H-72 (12-220 mcs.), H-73 (2-50 mcs.)

$795.00 each
Model 707-4 shipped with H-74 (any single octave 2-265 mcs.)
special order $845.00 each

Additional oscillator heads for any model 707
H-71, H-72, and H-73 $250.00 each
H-74 special order $275.00 each

Write for catalog and technical Newsletter series on Measure-
ments By Comparison using sweep frequency techniques.
Prices and data subject to change without notice.

ELECTRONICS CORPORATION, Industrial Products Division
Dept. ITE-6 The Jerrold Building, Philadelphia 32, Pa.

Jerrold Electronics (Canada) Limited, Toronto
Export Representative: Rocke International, New York 16, N. Y
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HIGH
output power-

+20 dbm

WIDE
sweep width -1% to

over 120% of c.f.

FLAT
output -±.05 db over

the highest octave

VISIT US AT THE IRE SHOW  BOOTH
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superb new
NULL
DETECTOR

The new Keithley 151, incorporating
a unique photo -conductive modulator
of Keithley design, is useful wher-
ever a suspension galvanometer can
be used, and where a galvanometer
is not sufficiently sensitive, fast or
rugged. Currents as low as 2 x 10-13
ampere can be detected.

Ranges: 11 linear ranges in 1x and
3x steps, from 100 pv to 10 v f.s.; 5
non-linear ranges, 0.001 to 10 v f.s.,
each covering three decades.

Accuracy: Linear ranges, ±3% of
f.s.; non-linear, ± 10% of input.

Input Resistance: 10 megohms on
all ranges. Max. power sensitivity
over 10-17 watt.

Response Speed: On 100 pv range,
2.5 -sec.; 1 -sec. on all others.

Noise: Below 2% f.s. all ranges.

Zero Drift: Less than 10 pv per day.

Output: 10 volts at 1 ma f.s.

Price: 151 Cabinet Model . $395.00
151R Rack Model . $385.00

For full details write:

K 7E] 7E al 7E -3E 1E_, Ell 'V'

I 1NT S rr R T_3- NI

12415 E 1..J I_ I 1Z3 AVENUE
C)LEVELA1VC 6, OHIO

Circle 348 on Inquiry Card

IRE Technical Papers

"Multifold Diversity Combining Techniques," R.
T. Adams.

"Simple Methods for Designing Tropo-Scatter
Circuits," L. P. Yeh.

"Optimized SSB Transmitter Loading by Multi -
Channel Frequency Division Data," A. T. Bren-
nan, J. P. Daly, Bernard Goldberg.

"Quicksilver-A Long Range General Purpose
Digital Communicotions System," A. C. Chap-
man.

Aspects of Component Reliability
Marconi Hall, New York Coliseum
"The Reliability of Components Exhibiting Cumu-

lative Damage Effects," George Weiss.
"Statistical Models for Component Aging Ex-

periments," Joan Rosenblatt.
"Statistical Approach to Reliability Improve.

ment," N. P. Demos.
"Quality Acceptance Measures-ADL vs AQL,"

G. V. Herrold.
"Accelerated Environmental Testing of Automo-

tive Electronic Components," F. R. Khan.

Microwave Filters
Morse Hall, New York Coliseum
"Band -Pass Microwave Filter Design-A New

Method and Its Relation to Other Methods,"
G. L. Matthaei.

"Optimum Quarter -Wave Transformers," Leo
Young.

"Magnetically Tunable Microwave Filters Em-
ploying Single Crystal Garnet Resonators," P.
S. Carter, Jr.

"Harmonic Calorimeter for Power Measurements
in a Multimode Waveguide," V. G. Price.

MA* 171111' I i -
Wednesday Afternoon-March 23

Electronic Computers and
Circuit Theory: How Each Technology

Can Help the Other
Starlight Roof, Waldorf-Astoria
"Switching and Memory Criterion in Transition

Flip -Flops," D. 0. Pederson, D. K. Lynn.
"Monte Carlo Analysis of Transistor -Resistor

Logic Circuits," Y. C. Ho, W. J. Dunnett.
"An Analog Computer Nyquist Plotter," E. A.

Goldberg.
"Smoothing and Prediction of Time Series by

Cascaded Simple Averages," R. B. Blackman.
"Synthesizing Minimal Stroke and Dagger Func-

tions," John Earle.

Ultrasonics Engineering I

Astor Gallery, Waldorf-Astoria
"Eigen Coupling Factors and Principal Com-

ponents, The Thermodynamic Invariants of
Piezoelectricity," H. G. Baerwald.

"Piezomagnetic Ceramic Transducers," 0. E.
Mattiat.

"An Ultrasonic Power Source Utilizing a Solid
State Switching Device," W. C. Fry.

"Ultrasonic Cleaning Tests For a Variety of
Driving Waveforms" R. C. Heim.

"The Effectiveness of Ultrasonic Degreasing as
Measured by Radiotracer Techniques," E. L.
Romero, H. A. Stern.

"A Spaced Lamination Transducer For Indus-
trial Use," E. B. Wright.

"An Efficient Low -Cost Ultrasonic Transducer
For Use in Remote Control and Carrier Fre-
quency Applications," Frank Massa.

Component Parts
Jade Room, Waldorf-Astoria
"Magnetostrictive Ultrasonic Delay Lines for a

PCM Communication System," D. Aaronson,
D. B. James.

"The Reliable Application of Electronic Com-
ponent Parts," H. L. Dudley.

"The Transient Effect in Capacitor Leakage Re-
sistance Measurements," R. W. France.

"Dynamic Temperature Coefficient of Micro -Ele-
ment Inductors," G. Hauser.

"A New Automatic Method for the Design of
Low Voltage Transformers on the IBM 704,"
D. A. Franks.

Stereophonic Sound Reproduction
Sert Room, Waldorf-Astoria
"Stereophonic Sound Reproduction," H. F. Olson.
"Psychoacoustics of Stereophonic Reproduction,"

R. L. Hanson.
"Some Considerations in Design and Application

of a Compatible Magnetic Tape Cartridge,"
Marvin Camras.

"A 1-7/8 IPS Magnetic Recording System for
Stereophonic Music," P. C. Goldmark, C. D.
Mee, W. P. Guckenburg.

"Automated Magnetic Tape Cartridge Mech-
anisms," J. D. Goodell.

TINSLEY DELIVERS

CORNING GLASS FILTERS

IN 3-5 DAYS
Wherever you are in the United
States you can get standard thick-
ness Corning Glass color filters in
3-5 days from Tinsley Laborator-
ies. Fast delivery, too, on special
sizes and thicknesses, c ustom
ground and pitch -polished in our
laboratories. You can depend
upon Tinsley and on the Corning
filters we finish and supply. They
are particularly useful in colori-
metric work and other applica-
tions in which specific regions of
the radiant spectrum must be
isolated. Send for a free copy of
our price list.

TINSLEY
LABORATORIES, INC

2526 Grove Street  Berkeley 4, California
Circle 349 on Inquiry Card
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How To Get Things Done

Better And Faster

BOARDMASTER VISUAL CONTROL

* Gives Graphic Picture - Saves Time,
Marley, Prevents Errors

* Simple to operate - Type or
Cards, Snap in Grooves

* Ideal for Production, Traffic, Inventory,
Scheduling, Sales, Etc.

* Made of Metal. Compact and Attractive.
Over 500,000 in Use.

Full price $4950 with cards

Saves

Write on

I FREE I
24 -PAGE BOOKLET NO. Z-20

Without Obligation

Write for Your Copy Today

GRAPHIC SYSTEMS
Yanceyville, North Carolina
Circle 350 on Inquiry Card

send for this

FREE
EICO
Electronics
Catalog

you save 5070 on Top -Quality
Test Instruments

Hi-Fi  Ham Gear
KITS AND WIRED

for professional and home use

TEST INSTRUMENTS
battery eliminators
battery testers
bridges
decade boxes
electronic switch
flyback tester
oscilloscopes
probes
signal and

sweep generators
tube testers
transistor tester
vacuum tube

voltmeters
volt-ohm-

milliammeters

HI -Fl
stereo and monaural
tuners
preamplifiers
power amplifiers
integrated amplifiers
speaker systems

HAM GEAR
cw transmitter
modulator -driver
grid dip meter

OVER 2 MILLION
EICO instruments in
use throughout
the world.

LIFETIME service and calibration guarantee.
IN STOCK at your neighborhood EICO dealer.

Send now for FREE catalog EIN-3.

`E/C01; ... praised by the experts
as BEST BUYS IN ELECTRONICS

©,.o ...room° ors.. co.. me.

IRE BOOTH 3505
Circle 351 on Inquiry Card
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IRE Technical Papers

Communication System Techniques
Faraday Hall, New York Coliseum
"Analysis of a Phase Modulation Communica-

tions System," R. L. Choate.
"An Improved Decision Technique for Frequency

Shift Communications Systems," Elmer Thomas.
"High Sensitive Receiving Systems for Frequency

Modulated Wave," Masasuke Morita, Sukehiro
Ito.

"An Improved Multiplex Voice Frequency Car-
rier System," Bernard Tennent.

"Model of Impulsive Noise for Data Transmis-
sion," Pierre Mertz.

Antenna Pattern Synthesis
Marconi Hall, New York Coliseum
"Panel Members":

R. C. Spencer, P. A. Bricout, Robert Bickmore.
"Derivative Control in Shaping Antenna Pat-

terns," A. Ksienski.
"Some New Methods of Analysis and Synthesis

of Near -Zone Fields," Ming-Kuei Hu.
"Synthesis of GSM Type Antenna Patterns Us-

ing Two -Dimensional Surface Wave Arrays,"
H. W. Cooper, H. R. McComas.

"Determination of Optimum Primary Feed El-
lipticity Setting to Obtain Circular Polariza-
tion from Reflector Type Antennas," L. J. Kus-
kowski, A. M. McCoy.

MORRIS LIEBMANN
MEMORIAL AWARD

To: J. A. Rajchman, RCA Labs., Princeton,
N. J. For: "contributions to the development
of magnetic devices for information proc-
essing."

Microwave Interaction with Matter
Morse Hall, New York Coliseum
"Panel Members":

Professor S. C. Brown, Dr. C. L. Hogan, Dr.
H. Kroemer.

"Recent Progress in Microwave Beam, Plasma
and Solid State Devices," L. M. Field.

"Microwave Interaction with Plasmas," R. G.
Buser, P. Wolfert.

"A New Semiconductor Microwave Modulator,"
Harold Jacobs, F. A. Brand, Michael Benanti,
Richard Benjamin.

Thursday Morning-March 24
Adaptive Networks

Starlight Roof, Waldorf-Astoria
"Pattern Recognition with an Adaptive Net-

work," Lawrence Roberts.
"On Predicting Perceptron Performance," R. D.

Joseph.
"The Mark I Perceptron-Design and Perform-

ance," J. C. Hay, F. C. Martin, C. W. Wight -
man.

"A Magnetic Integrator for the Perceptron Pro-
gram," J. K. Hawkins.

Circuit Theory: Current
Astor Gallery, Waldorf-Astoria
"Transfer Function Synthesis of

works," E. S. Kuh.
"Broad -Band UHF Distributed

Band -Pass Filter Techniques,"
"A Fourier Series Time Domain

D. R. Anderson.

h 1960

Contributions

Active RC Net -

Amplifiers Using
F. C. Thompson.
Approximation,"

NEW SPRAGUE

MODEL 500

INTERFERENCE

LOCATOR/

This improved instrument is a
compact, rugged and highly
sensitive interference locator-
with the widest frequency
range of any standard avail-
able unit.

New improvements in Model
500 include: greatly increased
sensitivity, meter indications
proportional to carrier
strength, transistorized power
supply. Engineered and de-
signed for practical, easy -to -
operate field use, it is the ideal
instrument for rapid pinpoint-
ing of interference sources by
electric utility linemen and in-
dustrial trouble shooters.
Model 500 tunes across the
entire standard and FM broad-
cast, shortwave, and VHF -TV
spectrums from 540 Kc to 216
Mc. For full details send for
brochure IL -102.

SPRAGUE ELECTRIC COMPANY
233 MARSHALL ST.  NORTH ADAMS, MASS.

SPRAGUE®
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JUST THE

PLIER FOR

ELECTRONIC

USE

No. 208-6PC Long Nose
Shear Cutting Plier
Patent No. 2,848,724

Here is a recently developed
plier specially designed for
electronic use. It will fit into
confined space and the steel
jaws hold clipped end of
sheared wire firmly ... noth-
ing to wear out.

The shear blade is at an
angle of 15 degrees (the
standard angle of regular di-
agonal pliers). Shear principle
assures smooth, continuous
action without snap, prevent-
ing shock which might dam-
age transistors and other deli-
cate components. For use with
bare wire up to 18 gauge.

See your electronic supply
house or write for catalog.

/

Shear principle
requires less
pressure.

Pin keeps jaws
aligned.

-__

Pointed nose
reaches confined
space.

Steel jaws hold
clipped end tight.

CP

Designed to form
loop at wire end.

0%0.Eiok,

T1 , ..

fixr.,(c, o

GO. 0. u.5./`'

Coil spring keeps
laws open.

WRITE FOR CATALOG 101-A
Klein Catalog 101-A, describing the
208-6PC and many other Klein Pliers,
will be sent on request. Write for a copy.

Foreign Distributor: International Standard Electric Corp., New York

Mathias KLEIN "oilstslablished 1857 Chicago, ULU S A.

7200 McCORMICK ROAD  CHICAGO 45, ILLINOIS

IRE Technical Papers
"Spectral Measurements of Sliding Tones," Will

Gersch, J. M. Kennedy.
"An Approach to the Synthesis of Linear Net-

works Through Use of Normal Coordinate
Transformations Leading to More General
Topological Configurations," E. A. Guillemin.

Ultrasonics Engineering-II
Jade Room, Waldorf-Astoria
"The Measurement of River Flow by the Use of

Underwater Sound," G. E. Miller, W. F. Rich-
ardson, N. Serotta.

"Ultrasonic Flowmeter," H. Dahlke, W. Wel-
kowitz.

"Optical Studies of Delay Line Transducers," R.
F. Weeks.

"Ultrasonic Delay Line Analysis," D. L. Schilling,
A. N. Silver.

"A Comparison of Several Dispersive Ultrasonic
Delay Lines Using Longitudinal and Shear
Waves in Strips and Cylinders," A. H. Fitch.

"Physical Principles and Operational Charac-
teristics of Variable Ultrasonic Delay Lines,"
Walther Andersen.

"New Techniques in Ultrasonic Delay Lines," D.
L. Arenberg.

Equipment and Systems
Serf Room, Waldorf-Astoria
"Missile Master (AN/FSG-1)-System Functional

Description," George Romano, D. L. Prentice,
James Rayne.

"Missile Master (AN/FSG-I)-System Equipment
Description," Ralph Staschke, Douglas Noden.

"Weather Radar Data Processing," 0. Lowen-
schuss.

"A Building -Block Approach to Multi -Purpose
Communication Equipment," L. G. Fobes, J. E.
Martin, H. A. French, W. L. Glomb, M. W.
Green.

"An Integrated Approach to the Design of Mo-
bile Tactical Electronic Systems," R. N. Skal-
wold, M. N. Scheiderich.

"Electronic Equipment Weight and Volume
Penalties to Flight Vehicles," W. V. White.

Satellite Communications
Empire Room, Waldorf-Astoria
"Radio Relaying by Reflection from the Sun,"

D. J. Blattner.
"Active Versus Passive Satellites for a Multi -

Station Communication
D. Campbell.

"Satellite Communication Problems and Solutions
in Ground Station Design," W. L. Glomb, W.
Teetsel.

"Detail Design of on Operational Missile Voice
Frequency Communications System," W. S.
Cayot.

"A Digital Data Handling System for Real -Time
Computation on the Atlantic Missile Range,"
M. P. Falls, T. A. Christie, Jr.

Human Factors in Electronics
Faraday Hall, New York Coliseum
"Coding Equipment for Ease of Maintenance,"

J. H. Ely.
"The Replaceable Component: Key to Maintain-

ability," R. B. Miller.
"A Procedure for Predicting Reliability of Man -

Machine Systems," P. C. Berry, J. J. Wulff.
"A Method for Anticipating Human Factors Re-

quirements in Manned Weapon System," M. A.
Grodsky.

Scanning Antenna Arrays
Marconi Hall, New York Coliseum
"Panel Members":

John Ruze, Harold Shnitkin, A. E. Marston.
"An Electronically Scanned Circular Antenna

Array," H. P. Neff, J. D. Tillman.
"Multidirectional Antenna-A New Approach to

Stacked Beams," Judd Blass.
"Parasitic Spiral Arrays," R. M. Brown, Jr., R.

C. Dodson.
"An Electromechanically Scannable Trough Wave -

guide Array," W. Rotman, L. G. Hanscom
Field, A. Maestri.

Magnetic Recording
Morse Hall, New York Coliseum
"The Effects of Track Width in Magnetic Re-

cording," D. F. Eldridge, Albert Babb°.
"Erased Carrier Recording," W. J. Murphy.
"Reliability and Drop -Out Studies for Long -

Playing Loops," Al Wilson.
"Digital Magnetic Recording with High Density

Using Double Transition Method,' Andrew
Gabor.

"Automatic Error Detection Equipment for Digi-
tal Tape Recorders," G. J. Slusarchyk, T. D.
Radwav, Paul Heller.

Thursday Afternoon-March 24. 1960

Electronic Computers
(Continued on page 285)
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Micro -Miniature Components
with traditional

Allen-Bradley Reliability AB
QUALITY

Standard A -B 2 -watt
composition resistor
(a:tual body size
11/6" long)

Standard A -B 1/2 -watt
composition
resistor

Precision metal
Dumbbell capacitor grid resistor

Doughnut ferrite torroid

Ho -molded
res stor plate

High capacity
ceramic capacitor

ALLEN -
BRADLEY

Quality
Electronic Components

Smallest hot -
molded resistor
ever made

World's smallest
capacitor; tubular
ceramic-to 1500 mmf

Ceramic capacitors
in ceramic wafer

Ceramic wafer

/7/71

Pellet type resistor

Hot -molded resistors
in ceramic wafer

Enlarged 21/4 times

Ceramic holder
for resistors

Wafer type
ceramic capacitor AN,\\\,\\\\ C.

Allen-Bradley has developed a variety of remarkable micro-
miniature components. These components include standard
types for wafer configurations, as well as several unique units
which would seem to hold extremely interesting possibilities
for future developments. In addition, A -B research has suc-
ceeded in removing the major hurdle in connection with
consistent "reliability." This permits the production of fan-
tastically small components. For example, the hot -molded
resistors for wafer mounting are only 0.155" long and 0.025"
in diameter.

These achievements in the field of micro -miniature com-
ponents typify the advanced engineering at Allen-Bradley.
Naturally, we'll be very happy to help you with your minia-
turization problems.

Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis.  In Canada: Allen-Bradley Canada Ltd., Galt, Ont.
I.60 -E



New Type
Potentiometer
Actual Size

Allen-Bradley
POTENTIOMETERS
for HIGH
TEMPERATURE
APPLICATIONS
...up to 150°C!

ADDITIONAL ALLEN -BRADLEY
HIGH TEMPERATURE POTENTIOMETERS

Type L
1/2 Watt at 100°C

st.
Type L with
125v Line Switch

Type K
2 Watts, 100°C;
1 Watt, 125°C

Type L
Encapsulated

This new Allen-Bradley po-
tentiometer -the Type L - is especially
designed to solve problems associated
with high ambient temperatures -
and space conservation. Although ex-
tremely compact -0.5 inch in diameter
-the Type L control has a conserva-
tive rating of 0.5 watt when operating
in an ambient temperature of 100°C.
And, it provides reliable performance
when operated at a temperature of
150°C - under "no load" conditions.
(See graph at right.)

The new Type L control
features the same solid, hot molded re-
sistance element that has proved un-
equaled for long life, smooth operation,
and low "noise" characteristic in Allen -
Bradley's popular Type J, Type K, and
Type G potentiometers. When tempera-
ture and space problems in your de-
signs plague you, this new A -B "high
temperature" potentiometer is a reli-
able answer. Please send for complete
information, today.

Load Rating Curve of Type L

1.0

0.9
Hig Temperature

0.8
Type L Potentiometer

0.7

0.6

br

'A watt
or 101.1°C

ttr-1(
a03
3

0.4

0.3

0.2

OA

1370° 80° 90° 100° 110° 120° 130° 140° 150°

AMBIENT TEMPERATURE °C.
Load Capabilities of Type L below the
Critical Resistance Value. Type L Far Ex-
ceeds the Requirements of MIL -R -94B.

ALLEN -BRADLEY
Quality Electronic Components

Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis.  In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

1-60-E



IRE Technical Papers
Starlight Roof, Waldorf-Astoria
"An On -Line Solid State Analog Computer for

Automatic Gas Flow Compensation," F. P.
Simmons.

"Very High Density Digital Magnetic Recording,"
D. E. Killen.

"A Tunnel Diode Tenth Microsecond Memory,"
M. M. Kaufman.

"Automatic System and Logical Design Tech-
niques Used on the RW-33 Computer System,"
T. A. Connolly.

"Logical Design Features of the LARC System,"
W. F. Schmitt, L. F. Harrison.

Symposium on a Decade of Progress
in Network Theory

Astor Gallery, Waldorf-Astoria
"Graph Theory and Electric Networks II," Frank

Harary.
"Physical Realizability Criteria," D. Youla.
"Some Properties of Time Varying Networks,"

J. M. Manley.
"Application of Synthesis Techniques to Electronic

Circuit Design," F. H. Blether.

Space Electronics
Jade Room, Waldorf-Astoria
"A Broad Band Spherical Satellite Antenna,"

H. B. Riblet.
"A Pulsed Plasma Mechanism for Propulsion in

Space," P. M. Mostov, J. L. Neuringer, D. S.
Rigney.

"Design Considerations of Television Satellite
Reconnaissance Systems," R. L. Zastrow, D. J.
Ritchie.

"Scanning Methods for Satellite -Borne Radars,"
A Rosenfeld, 0. Lowenschuss.

"A Study of Natural Electromagnetic Phenomena
for Space Navigation," R. G. Franklin, D. L.
firs.

Check -Out Instrumentation and
Circuity

Sert Room, Waldorf-Astoria
"Trends in Complex Weapon Systems Check -

Out," F. C. Corey.
"The Role of Multipurpose Automatic Test Sys-

tems in Testing Integrated ABNMGS Systems,"
I. H. Rubaii.

"Selecting the Optimum Test Interval for Static
Alert Systems," F. L. Paulsen, L. Mast.

"Rapid Detection of Coherent Signals in Noise,"
R. J. Metz, J. M. Walker, N. L. Weinberg.

"Determination of Repetition Frequencies of In-
termixed Pulse Trains," R. J. Kern.

"Coherent Enhancer for Pulse Radar Applica-
tion," E. Brookner, J. Flink.

Vehicular Communications
Faraday Hall, New York Coliseum
"Past and Future Techniques of Vehicular Com-

munication," E. W. Chapin.
"Radio Coverage-Area Survey-Instrumentation

Research," C. E. Sharp, R. E. Lacy.
"Cryptographic Signaling Applied to Radio

Communication Circuits," 0. E. Thompson.
"Highway Alert Radio," E. A. Hanysz.
"A New Colinear Antenna Array," A. H. Secord,

W. V. Tilston.

Antenna and Propagation Problems
Marconi Hall, New York Coliseum
"Spiral Antenna Systems," R. Bawer, J. J.

Wolfe.
"A Monopulse Cassegrainian Antenna," L.

Schwartzman, R. W. Martin.
"Power -Handling Capability of Antennas at

High Altitude," W. E. Scharfman, T. Morita.
"Propagation Measurements in Shock -Ionized

Media," D. E. Sukhia, G. H. Hampton.
"Ultra -Low Frequency Atmospherics," Herbert

Konig.
"Ray Tracing for Whistler -Mode Signals at Low

Frequencies," E. R. Schmerling, R. Goerss, S.
Miluschewa, P. Hertzler, I. Pikus.

Waveform Analysis and Random
Vibration

Morse Hall, New York Coliseum
"A Time -Compressor Using Magnetostrictive De-

lay Lines," S. J. Meyers, L. Rosenberg, A.
Roth bort.

"Utilization of The Quadrature Functions As A
Unique Approach to Electronic Filter Design,"
Henry Paris.

"A Magnetostrictive-Filter Random Wave
Analyzer," Richard Boynton.

"A Numerical Method for Determining The
Vibration Acceleration Density Directly from
The Sinusoidal XY Plot," W. Reich, Marvin
Schnee.

"A New Approach to Random Vibration Control
Instrumentation," W. W. Caldwell.

spring materials ...
precision rolled for

uniform, predictable

performance

Here-from Precision Metals Division of the Hamilton Watch Company-are
important new spring materials. Now available in production quantities are flat
wire and metal strip of Beryllium Copper, Elinvar, Haver, Stayer, Inconel Extra
and Age -Hardening Stainless Steel.

The newly expanded and completely integrated Precision Metals Division is
producing these spring materials with these unusual advantages:

thicknesses from .010" to .0001"
extremely close tolerances
dimensional uniformity

In addition, Precision Metals Division will
also furnish special alloys to your own speci-
fications in the particular form you require.
Write today for a copy of facilities booklet
EI-3 or mail your prints for proposal.

controlled metallurgical properties
excellent surface characteristics

0°0
-

000 PRECISION

METALLURGICAL

SERVICES

14-1.4 /14"/L.7-CD/V
1/1/.47-Cbse

Representatives

C0/14.4=1,41A./ Y/ Precision Metals Division
-H- Lancaster, Pennsylvania

COREY STEEL COMPANY Chicago, Illinois

FAGERSTA STEELS PACIFIC, INC.  Los Angeles, California
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a meeting place for th
In today's scientific and technological expansions, no single country
has a monopoly on Ideas. ITT, the worldwide electronics and com-
munications company, enjoys the idea -exchanging of more than
7,100 scientists and engineers working in 101 ITT laboratories and
plants in 20 countries.
This global capacity encompasses a lot. From miniaturized components
to complete systems for wire and radio telecOmmunications. From



e minds of the world:
data-processing and advanced computing
equipment to missiles and air navigation.
From research to more research...to com-
plete responsibility for an operating function.

IRE SHOW VISITORS
See FYI' Exhibits

New York Coliseum
March 21-24

BOOTHS 2510-2625

ft

0

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Broad St.. New York 4, N.Y
--[.ITT COMPONENTS DIVISION ! ITT FEDERAL DIVISION ! ITT INDUSTRIAL PRODUCTS DIVISION r ITT LABATORIES
1 INTELEX SYSTEMS INCORPORATED, AIRMATIC SYSTEMS CORPORATION !KELLOGG SWITCHBOARD AND SUPPLY
COMPANY / ROYAL ELECTRIC CORPORATION I FEDERAL ELECTRIC CORPORATION AMERICAN CABLE & RADIO
CORPORATION I INTERNATIONAL STANDARD ELECTRIC CORPORATION ' INTERNATIONAL ELECTRIC CORPORA.
TION / ITT COMMUNICATION SYSTEMS, INC.! LABORATORIES AND MANUFACTURING' PLANTS IN 20 COUNTRIES



FULL OCTAVE
S -BAND

RANGE
2.1 KMC
TO

4.3 KMC

The all new Model WD -2106 Octave S -Band

Isolator marks a revolutionary advance-

ment in the microwave field by permitting

the use of only one isolator for a full octave

frequency range instead of covering the

band in increments using a number of iso-

FERRITE
ISOLATOR
lators. Ideal for use in telemetry, radar sys-

tems and transponders, the new unit offers

exceptional reliability, excellent isolation to

insertion loss characteristics and compact-

ness of design.

TYPICAL SPECIFICATIONS

MODEL FREQ. RANGE ISOLATION INSERTION LOSS V.S.W.R.

WD -2106 2.1-4.3 KMC 20 DB Min. 2.0 DB Max. 1.5 Max.

W -568-3A-2 12.5-18.0 KMC 20 DB Min. 1.0 DB Max. 1.15 Max.

W -177-1K-1 9.5 KMC-I-100 MC 25 DB Min. .7 DB Max. 1.15 Max.

W -277-3A-3 5.2-5.9 KMC 17 DB Min. 1.0 DB Max. 1.15 Max.

W -668-1A-2 8.5-9.6 KMC 10 DB Min. 0.4 DB Max. 1.10 Max.

THESE ARE ONLY A FEW OF THE MANY AVAILABLE MODELS

W668.X

KEARFOTT DIVISION

GP GENERAL PRECISION INC.
14844 OXNARD ST., VAN NUVS, CALIF.

IRE New Products
Twin Jacks
Long frame type "Twin-Jax" for
communication equipment. Available
in two types, the MT -388 has a

"shorting" feature that is "broken"
when a 2 -conductor plug is inserted
into either sleeve. Switchcraft, Inc.
Booth 2827.

Circle 263 on Inquiry Card

Frequency Meter
Model 7175 measures frequencies
from 10 CPS to 110 MC. Accuracy is

0.00003% ±0.1 CPS. Input impedance
is 1 M ohms to 10 MC, 100 ohms
above 10 MC. Berkeley Div., Beckman
Instruments, Inc. Booth 3416.

Circle 264 on Inquiry Card

Time Delay Relay
Series 1100 electronic time -delay re-
lay has standard delay times of 50 ms

itit DELAY RELAYKw& ate
Tee*Oxar

YoK

AoKts,

10 S. KC

WINDSOR LOCKS, COP

to 3 min. during operate or release
cycle. Accuracies of 10% or better up
to a vibration of 20 g to 2000 CPS.
Hi -G, Inc. Booth 2227.

Circle 265 on Inquiry Card
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Devices
from

ethode
Printed circuit
complement; for
guidance device
in operational
missile includes
32 different cir-
cuit configura-
tions. Produced
in small quanti-
ties to close tol-
erances without
use of produc-
tion tools.110.

One of
complete selection
of "Reli-Acon" con-
nectors, which include At.
card receptacles,
plugs, paired recep-
tacles, paired plugs;
with and with-
out shell.

Methode connectors
and tap -off terminal
blocks supplement its
Plyo-Duct wiring.
Methode also makes
special stripping ma-
chines permitting uni-
form harness construc-
tion without highly
developed skills.

"The Systems Approach to
Electronic Wiring and Connections"

A new "brainstorming
idea book" which includes
"case histories" on printed cir-
cuit and wiring device applications;
check lists on product design and inte-
gration, I.P.C. Tolerances, and Methode
products; complete description of Meth -
ode's design, tooling, manufacturing and
inspection facilities.

Ago 1W reolA
*PAII rehM

Ims;, APi -OA
aru

Mao, 6kiklIVI

Custom sandwich of Methode
Plyo-Duct using film insulation

for pre -positioned
conductor spacing and
close control of ca-
pacity and induction
conditions. The use of
flexible film harnesses
can affect weight sav-
ings up to 75% . .

ideal for airborne
communication and
guidance applications.

Ele,mot

et h o de
Manufacturing Corp.

Write on your company letterhead
for your FREE copy of this valu-
able book which also offers engi-
neering analysis designed to assist
in packaging and inter -connecting
high density electronic assemblies

7447 W. Wilson Ave. Chicago 31,111.

PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS,

over 260,000 logged operational hours-
voltage-regulated, frequency -controlled,

for missile, telemeter, ground support,
135°C all -silicon units available riOVI-

Interelectronics all -silicon thyratron-like gat-
ing elements and cubic -grain toroidal magnetic
components convert DC to any desired number
of AC or DC outputs from 1 to 10,000 watts.

Ultra -reliable in operation (over 260,000
logged hours), no moving parts, unharmed by
shorting output or reversing input polarity.
High conversion efficiency (to 92%, including
voltage regulation by Interelectronics patented
reflex high -efficiency magnetic amplifier cir-
cuitry.)

Light weight (to 6 watts/oz.), compact (to
8 watts/cu. in.), low ripple (to 0.01 my. p -p),
excellent voltage regulation (to 0.1%), precise
frequency control (to 0.2% with Interelectronics
extreme environment magnetostrictive stand-
ards or to 0.0001% with fork or piezoelectric
standards.)

Complies with MIL specs. for shock (100G
11 misc.), acceleration (100G 15 min.), vibra-
tion (100G 5 to 5,000 cps.), temperature (to
150 degrees C), RF noise (1-26600).

AC single and polyphase units supply sine
waveform output (to 2% harmonics), will
deliver up to ten times rated line current into
a short circuit or actuate MIL type magnetic
circuit breakers or fuses, will start gyros and
motors with starting current surges up to ten
times normal operating line current.

Now in use in major missiles, powering
telemeter transmitters, radar beacons, elec-
tronic equipment. Single and polyphase units
now power airborne and marine missile gyros,
synchros, servos, magnetic amplifiers.

Interelectronics-first and most experienced
in the solid-state power supply field produces
its own all -silicon solid-state gating elements,
all high flux density magnetic components,
high temperature ultra -reliable film capacitors
and components, has complete facilities and
know how-has designed and delivered more
working KVA than any other firm!

For complete engineering data, write Inter -
electronics today, or call LUdlow 4-6200 in
New York.

INTERELECTRONICS CORP.
2432 Or. Concourse, N. Y. 58, N. Y.

Circle 357 on Inquiry Card Circle 358 on Inquiry Card
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Vacuum relays are unequalled for applications
involving high voltage in a minimum of space, low
weight requirements, and the
utmost in reliability. Examples are
antenna switching, switching
between antenna couplers, tap
changing on rf coils, and
switching between transmitter
and receiver.,,,;

A specific example is
the ingenious use of Jennings type RB4

relay by Dale Products Inc. in their new
Type B 708 lightning arrestor for use on the

Boeing B-707 jet aircraft. Dale Products selected
Jennings vacuum relays because they were the only

relays tested that would meet the extreme
requirements. For this application the RB4
had to be operable up to 50,000 ft. over a

frequency range of 2 to 32 megacycles and
had to withstand voltages of 20 kv and 15

amps rms. It also had to have an adequate
number of switching circuits to switch a

transmitter, 2 couplers, a receiver and the antenna
and at the same time fit into the 6 inch diameter
lightning arrestor whose total weight, including

relay, could not exceed 11 pounds. In addition the relay
must operate reliably under extremes of

vibration, temperature, and shock.

If you have difficult circuit design problems that
demand above average performance from the relay

components think first of Jennings vacuum relays
for the utmost in reliability.

Write for free detailed information on Jennings RB4 and other vacuum relays.

egEi1i11954 JENNINGSRADIO MANUFACTURING CORPORATION

970 McLAUGHLIN AVE., P. 0. BOX 1278 SAN JOSE 8, CALIF.

IRE New Products

Overspeed Sensor
Model 9353B trips an internal relay
when input speed signal reaches 12.8
KC. Twenty-eight vdc is applied

through relay contacts until over -
speed condition is relieved. Varo Mfg.
Co., Inc. Booth 1731.

Circle 291 on Inquiry Card

Potentiometers
Line of potentiometers, meters, and
servomotors include three new trim-
mer potentiometers: Model 7216,

Model 71, and Model 70. Also Bice 8
servomotors, and a line of panel me-
ters. Helipot Div., Beckman Instru-
ments. Booth 1203.

Circle 292 on Inquiry Card

Power Supply
Laboratory de power supply, mag-
netic amplifier -transistor regulated.
Model MTR036-5's output is 0-36 vdc

at 5 a. Line regulation is ±10 my for
step changes of 10 my between 105-
125 vac input. Perkins Engineering
Corp. Booth 1416.

Circle 293 on Inquiry Card
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IRE New Products
Battery
Silicad battery uses rechargeable sil-
ver -cadmium battery system. The 9 v
battery is made up of 8 cells of 0.1

0110.0101 0100,
.0 P.M.

ampere -hr nominal capacity. It oper-
ates for 12 to 15 hrs before recharg-
ing. Yardney Electric Corp. Booth
2127.

Circle 294 on Inquiry Card

Receiver
Model LR 1297 provides a laboratory
receiver suitable for noise figure
measurements, nuclear resonance

work, antenna pattern recording, etc.,
and with other LEL units a micro-
wave receiver in the L through K
bands. LEL, Inc. Booth 2102.

Circle 295 on Inquiry Card

Relay
Series KX-1 has DPDT, 2 a, contacts
for any load from dry circuits to full
rating. Nominal operating power is

250 mw. Armature offers 20 g 2,000
cycle vibration and 50 g shock immu-
nity. Kurman Electric Corp. Booth
2134.

Circle 296 on Inquiry Card

DEAD END
FOR STRAY POWER...

New rotary shutter for S -Band
extends reliable standby protection to RG 481 U

waveguide systems.
Microwave Associates' new MA -788
rotary shutter puts up an effective sec-
ondary barrier to high level signals . . .

forms an important element in the guar-
anteed crystal protection offered by
Microwave's complete duplexing units.

NOW-SIX SHUTTERS AVAILABLE
Six magnetically operated rotary shut-
ters for S, X, Ku and Ka bands are now
in our line and are charted below. They
form the best -yet supplementary protec-
tion against crystal damage when radar

system is inoperative. They may also be
used as on -off waveguide switches for
low power applications. In the closed
position they create a dead end short
circuit across the waveguide, reflecting
essentially all the incident power.

COMPLETE DUPLEXERS OR SEPARATE SHUTTERS

They're available as separate units sup-
plied to fit your system or as components
in complete duplexers carrying guaran-
teed crystal protection for life . .. at full
rated power and elevated temperatures.

SPECIFICATIONS

Band Type Frequency kMc
Isolation

(Closed position)
Insertion Loss
(Open position)

VSWR
(Open position)

S
X
X
Ku
Ku
Ka

MA -788
MA -710
MA -750
MA -760
MA -776**
MA -761

2.7-3.1 kMc
8.5-9.6 kMc
8.5-9.6 kMc

16.0-17.0 kMc
16.0-17.0 kMc
33.0-36.0 kMc

25 db min.
30 db min.
30 db min.
30 db min.
75 db min.
28 db min.

0.2 db max.
0.2 db max.
0.2 db max.
0.2 db max.
0.2 db max.
0.2 db max.

1.10 max.
1.10 max.
1.10 max.
1.10 max.
1.10 max.
1.10 max.

 Dual ** Tandem Write or call for complete data and prices to:

MICROWAVEASSOCIATES* INC.
BURLINGTON, MASSACHUSETTS BRowning 2-3000 TWX 942

VISIT US AT I.R.E. BOOTH NO. 2301-2303
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WELD -PACK REVOLUTIONIZES COMPONENT ASSEMBLY

Cutting size and weight 75% or more, the new "Weld -Pack" con-
struction as produced by Sippican Corporation for MIT's Instru-
mentation Laboratory stacks components in true three-dimensional
packaging of almost any shape or module. Packaging densities rang-
ing to 260,000 components per cubic foot are achieved only through
Weldmatic welding, which cannot damage adjacent components
through unwanted heat. "Weld -Pack" eliminates unnecessary weight
of phenolics and lack of continuity in printed wiring - gives de-
signers unlimited freedom. For this fresh, new concept in pack-
aging, Sippican Corporation depends on WELDMATIC electronic
welders chosen after careful evaluation of all stored -energy equip-
ment. Unvarying uniformity of welds; accurate, repeatable pressure
- these are some of the WELDMATIC features so important to con-
structing "logic sticks" and other component packages to new stand-
ards of quality.

IMAGINE reliability of only one reject in one million welds . . . no
cold joints ...no flux contamination ... greater mechanical strength.

FIND OUT how Weldmatic welding can help you with difficult metal -
joining production problems.

(Above) Sippican assembler uses two Model 1032 Welding Heads and
companion Weldmatic Power Supply in performing two separate weld-
ing operations on a "Weld -Pack" without changing electrodes or fixtures.

WELDMATIC

950 ROYAL OAKS DRIVE  MONROVIA, CALIF. k A DIVISION OF UNITEK CORPORATION

IRE New Products
Microwave Wattmeter
For bolometric power measurements,
microwave wattmeter uses self -bal-
ancing bolometer bridge. Two basic
units are used: the Weston Model

1493 bolometer bridge and Model 1494
reference -current generator. Day-
strom Inc., Weston Instruments Div.
Booth 1708.

Circle 297 on Inquiry Card

Power Oscillators
Precision Power Oscillator, the DK-
115-14, is a 15 w unit with 1,000 and
100 v outputs. Regulation is better

than 0.1% on both outputs. Elfin Div.,
International Electronic Research
Corp. Booth 3018.

Circle 298 on Inquiry Card

Timing System
Transistorized Timing System with a
drift of better than 1 part in 10' per
week provides accurate clock, pro-

grammed timing pulses, precise 60
CPS power and WWV comparison.
Geotechnical Corp. Booth 3240.

Circle 299 on Inquiry Card
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WHICH
BLADE DO YOU

Al%N #

Just a few of the many
styles of interchangeable,
surgically -sharp blades for

x-acto®
precision knives

Complete
Catalog
on request.

SPECIAL OFFER!
If you haven't tried an
X-acto, send $1 for knife
handle and sample
blade assortment.

Small, fine general cut-
ting, carving.

Fine angle cutting; deep
cuts, narrow spots.

Doubleedged for close
quarters, angled corners.

Close corner cuts; tem-
® 48-41J Van Dam St., L. I. C. 1, N. Y. plates, mats, trimming.

Circle 362 on Inquiry Card

K-acto Precision Tools
4Are Sold Through

'1/4Electronic Jobbers

HANDICRAFT TOOLS, INC.
a division of X-ACTO, INC.

5"1111AMwith

BEAD CHAIN'
Multi -Swage Parts

CONTACT
PINS

C JIl-)

TERMINALS

-13=g---)

JACKS

FRICTION
CONTACTSCONTACTS

amigo:

also PRINTED CIRCUIT
MINIATURE PARTS

Contact pins, terminals, jacks or
any small tubular parts. Maximum
Vs" diameter x 11/4" length.

Send sketch for quotations.

Lowspeed positive drives or motion transfer
... at far less cost!

Send for Multi -Swage or
Bead Chain Drive Catalogs!

THE BEAD CHAIN MFG. CO.
209 Mountain Grove St.. Bridgeport, Conn.

Circle 363 on Inquiry Card

Here's

data

on the

Put'

DIAL HEAD AGASTAT®
time/delay/relays

These relays have recently been re-designed-improved in
performance and appearance. So you'll want up-to-date
specs.

This free folder gives complete details on all models. In
it you'll find operating specs, timing ranges. contact ca-
pacities, dimensions, diagrams of contact and terminal
arrangements, and data on mounting and installation
accessories.

For your copy, write: Dept. A34-417.

AGA ELASTIC STOP NUT CORPORATION OF AMERICA

Elizabeth, New Jersey

Circle 364 on Inquiry Card
ELECTRONIC INDUSTRIES March 1960

MAGNETIC

VHF- UHF

ELECTRONIC
TUNING
with New
Miniature

INCREDUCTOR
Controllable Inductor

The 81AM1 INCREDUCTOR® Unit provides means of
electronically tuning circuits in the 50mc -400 me
frequency region over a 2:1 tuning ratio. Through the
use of newly developed materials and construction
techniques, this component now enables the design
engineer to obtain wider range and higher Qs than
possible before.

The 81AM1 is expected to find greatest application
in missile, telemetry, and general VHF -UHF low -power
applications. Units are available on special order that
will meet and/or exceed MIL -T -27-A specifications.

COMPONENTS DIV.

LABORATORIES

We invite you to
write for CGS
"INCREDUCTOR®
Notes" -28 pages of
technical data, curves,
Schematics, and
applications.

51 Danbury Road
Wilton, Connecticut See "WHAT'S NEW" at Booth 3803-05, IRE SHOW

Circle 365 on Inquiry Card
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Telectro Recorders / Reproducers
Now Provide New Dimensions
in Versatility and Performance
Building modular magnetic tape sys-
tems is Telectro's major occupation...
has been for over a decade. The
advancement in reliability and per-
formance reflected in a Telectro-built
magnetic tape recorder/reproducer is
the culmination of years of experience.
Hundreds of evolutionary units, each
successively improving the Telectro
breed, have given today's Telectro
equipment the finest heritage of all
tape systems  Telectro Modular
Magnetic Tape Recording Systems are
used in: Data Processing Satellite
Tracking  Professional Sound Systems

Laboratory Traffic Control Com-
puters Simulators Ground Check-
out  Automatic Processing Numeri-
cal Machine Tool Control  For full
technical data write-

37---.
TELECTRO
INDUSTRIES CORP.

35-18 37th Street, L.I.C. 1, N. Y.
Exceptional Professional Opportunities for Engineers

IRE New Products
Resin Dispenser
Portable resin dispenser for foam,
epoxies, and polyesters. Also the
Model 359D encapsulating machine

for use with thermosetting molding
compounds from epoxies to diallyl
phthalates, alkyds and silicones. Hull
Corp. Booth 4114.

Circle 441 on Inquiry Card

Pressure Gauge
Series of electrical instruments for
accurate determination of differential
pressure of air and other gasses. Full

scale range is 0 to 0.01 in. H20. De-
tects differences as small as 0.6001
in. H20. Hastings-Raydist, Inc.
Booth 3807.

Circle 442 on Inquiry Card

Microwave Amplifier
The VA -824B is a two cavity ampli-
fier for airborne systems. Mid -band
saturated outputs of 5 w are attained

with power gains up to 10 db. Also
Oscillator Klystrons, Power Supplies,
Mixers, etc. Varian Assoc. Booth
2714.

Circle 443 on Inquiry Card

VK 20
432,000 parts
per cu. ft.
Dimensions:
.2" x .2" x .1"

VK 30
192,000 parts
per cu. ft.
Dimensions:
.3" x .3" x .1"

CERAMIC CAPACITORS
 Decimal dimensioned case
 Max. volumetric efficiency
 Contiguous flush -mount
 47-10,000 mmf
 200 vdc without derating
 -55°C to 150°C operation

"VK" capacitors are designed with square
precision molded cases in only two sizes
and a single standard 0.2" lead spacing
for all values. Continuous life and envi-
ronmental testing, plus 100% tests for
Dissipation Factor, Insulation Resistance,
and Capacitance guarantee that each
"VK" capacitor in your circuit will per-
form as predicted.

ALSO UNCASED

FOR COMPLETE

ASSEMBLY

ENCAPSULATION

Same electrical characteristics as stand-
ard "VK" series. Each unit coated with
a resilient protective compound. Dimen-
sions: 47-100 mmf, .100" square; 120-
270 mmf, .130" square; 330-1000 mmf,
.150" square; 1200-3300 mmf, .250"
square; 3900-10,000 mmf, .265" square.

Circle 366 on Inquiry Card
294

Circle 367 on Inquiry Card
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IRE New Products
CR Tube
Rayonic Type 3ATP1 CR Tube is de-
signed for frequencies in the 100 MC
range at altitudes up to 90,000 ft.

without the disadvantage of potted
bases or special containers. Waterman
Products Co. Booth 3105.

Circle 444 on Inquiry Card

Phase Detector
Type 205B2 Precision Millimicro-
second Phase Detector measures time
delay or phase angle with an error of

-±1';, or ±0.05° from 200 mc to over
1000 mc. Operating principle based on
comparison method. Ad -Yu Elec-
tronics Lab. Booth 3705.

Circle 445 on Inquiry Card

Environmental Chamber
Model Temp RAC 19 portable cham-
ber for high and low temperature
testing. Temperature range is +300°-

F to -90°F with -100°F attainable.
2.3 ft' chamber occupies 24 x 36 in.
of floor space. Conrad, Inc. Booth
3848.

Circle 446 on Inquiry Card

± 3 micron sensitivity in this typical differential
transformer application. The ATCOTRAN ° differen-

tial transformer measuring probe continuously

senses amount of stock removed from work piece
during this grinding operation, stops feed above
established grinding dimensions, and simultane-

ously starts timed dress -up. Automatic cut-off at

end of dress -up actuates withdrawal and stops

spindle motor. Probe tip may be eqiipped with
diamond point, roller, shoe or other work contact
element
measurement. Displacement measuring range is

from 0 to 0.025 inches.

PICKUP CONTROL
RELAY

(A)

CON-
TROL-

LER

(B)

(C

ATCOTRAN COMPONENTS
(A) Pressure Pick-up measures
and controls flow of gas or liquid.
(B) Edge Guide senses edge posi-

tion of continuous strips.
(C) Amplifier operates from input
of any Atcotran sensing device.
(D) Servo Mechanism to position

remote indicators with precise

accuracy.

SYSTEM -PROVED
STANDARD ATC
DIFFERENTIAL

TRANSFORM ERS
INCREASE

SENSITIVITY,
SIMPLIFY
CIRCUIT
DESIGN

WHAT IS A DIFFERENTIAL
TRANSFORMER? An electrome-
chanical device which continuously
translates displacement or position
change into linear AC voltage.
WHAT ARE ITS ADVANTAGES?
It is frictionless, has infinite resolution,
high signal to noise ratio, low null
voltage, unaffected by wide tempera-
ture ranges or radiation exposure,
linear to 1/10th of 1%, small in size
and weight.
WHERE ARE ATC DIFFERENTIAL
TRANSFORMER SYSTEMS IN
USE? In numerous industrial and
military applications where sensitiv-
ity, economy, and consistent perform-
ance are demanded in a control or
indicating system.

HOW CAN I FIND OUT HOW DIFFEREN-
TIAL TRANSFORMERS WILL HELP ME?

Write now for
new illustrated
condensed cata-
log; contains
complete specifi-
cations and per-
formance data.

HOW CAN I EX-
PERIMENT WITH
DIFFERENTIAL
TRANSFORMERS?

ATC's Experimental Kit of-
fers all essentials for ex-
perimentation and devel-
opment: technical data,
seven transformers (linear
range ± 0.01 to -± 2.5
inches), flexure plate and
mounting clamp, and de-
modulator.

AUTOMATIC TIMING & CONTROLS, INC.
KING OF PRUSSIA, PENNSYLVANIA

A SUBSIDIARY OF AMERICAN MANUFACTURING COMPANY. INC.
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new rapid tests

of SSB
transmissions
with ONE compact
multi -purpose

spectrum analyzer

. . . simple
. . . versatile

. . . low-priced
Now in one convenient package,
all the equipment you need to set
up, adjust, monitor, trouble -shoot
SSB and AM transmissions!

60 db dynamic range
60 cps hum sidebands measurable to
-60 db
Stable tuning head with 2 mc to 40
mc range with direct reading dial
Sensitive spectrum analyzer with pre-
set sweep widths of 150, 500, 2000,
10,000 and 30,000 cps with automatic
optimum resolution
Continuously variable sweep width up
to 100 kc

 Two-tone generator with separate
audio oscillators with independent fre-
quency and amplitude controls. Out-
put 2 volts max. per tone into 600 ohm
load
Internal calibrating and self checking
circuitry

Ask for new Catalog Digest and the
PANORAMIC ANALYZER

A

at IRE -Booth

3315-3317

RADIO PRODICIS, INC.

540 So. Fulton Ave.  Mt. Vernon. N. Y.
OWens 9.4600

Cables: Panoramic, Mt. Vernon, N. Y. State
Circle 369 on Inquiry Card
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IRE New Products
Spectrum Analyzer
Model SS -20 Spectrum Analyzer will
give high resolution fourier analysis
in the 7 cycle to 23 KC spectrum. For

use with vibration systems, sonic
noise and whistle analysis, etc. Probe -
scope Co., Inc. Booth 3116.

Circle 447 on Inquiry Card

Baking Oven
For outgassing and sealing semi -con-
ductor components under high vac-
uum. Self-contained "package unit"

produces high vacuum and non -oxidiz-
ing environment. Unit has sliding
door. F. J. Stokes Corp. Booth 4125.

Circle 448 on Inquiry Card

Computer
The 2003 Computer is a medium size,
general purpose digital computer.
Transistorized, it is adaptable to ap-

plications where external equipment
must be integrated into a system.
General Mills, Inc. Booth 3937.

Circle 449 on Inquiri Card

Du Pont air-dry silver preparation provides static
shield for hearing -aid vacuum tube (right).

COATING PROBLEMS?

Let Du Pont Specialized

Conductive Coatings

Help You Solve Them

Whatever your coating problem may
be, Du Pont can provide you with a
conductive coating to meet your needs.
It may be a coating of silver, gold,
platinum, palladium or a combination
of these. You can use Du Pont conduc-
tive coatings for virtually all types of
electronic circuits and components:

 Electrodes for barium titanate ce-
ramic capacitors.

 Electrodes for mica capacitors.
 Electrodes for thermistor and piezo-

electric bodies.
 Thermosetting compositions on met-

als, phenolics, epoxies and other non -
ceramic bases.

 Firing on ceramic and glass (where
coating is copperplated and tinned
for hermetic sealing).

 Air-dry types for use on low -tem-
perature, non -ceramic bases. (Static
shielding.)

Write for bulletin on high -quality Du Pont
conductive coatings of silver, gold, platinum
and palladium. Mention application you
have in mind. Du Pont will supply a formula-
tion to fit your application, process or prod-
uct features. Write: Du Pont, Electrochemi-
cals Department, Ceramic Products Division,
Wilmington 98, Delaware.

oU PONT
Better Things for Better Living... through Chemistry

Circle 370 on Inquiry Card
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IRE New Products

Switching Transistors
Line of pnp silicon high speed switch-
ing transistors in a coaxial or single -
ended package. Types 2N1254 through

2N1259 are for low and medium
power levels. Hughes Aircraft Co.
Booth 1609.

Circle 450 on Inquiry Card

Soldering Instruments
New 115 vac pencil -type soldering
instruments, Models 115-10W and
115-15W, are designed for continuous

production, research, or service
for close quarter work. Oryx
pany. Booth 4111.

Circle 451 on Inquiry Card

work
Corn -

Potentiometers
BC -200 Ball Bearing Precision Po-
tentiometer with a one-piece molded
housing and complete phenolic en-

velope inside. 2 in. dia. unit is a
single turn pot with low starting and
running torque. DeJur Amsco Corp.
Booth 2307.

Circle 452 on Inquiry Card

DECADE
RESISTORSe

RS -624

MODEL DS SERIES DEKASTAT*-Precision decade resistors for panel mounting,
featuring the exclusive ESI DEKADIAL® concentric dial assembly for convenient
straight line readings. Total resistance values available from 1,200 to 120,000 ohms
with accuracy of ± 0.05%. Power rating, 1/2 watt per step. 3 or 4 decades of resolution.
Standard units available from stock. Prices: $63.00 to 5110.00.

MODEL DB SERIES DEKABOX *- Precision decade resistors similar to Model DS
series DEKASTAT® units, but conveniently mounted on an adjustable base with
binding posts. Features ESI DEKADIAL® design for straight line readings. Total
resistance values available from 12,000 ohms to 1.2 megohms with accuracy of
±0.05%. 3 to 6 decades of resolution. Power rating, 1/2 watt per step. Standard units
available from stock. Price: $73.00 to $151.00.

MODEL RS SERIES DEKASTAT®- Rack -mounted precision decade resistors. Adjusted
to very close tolerances for use as laboratory resistance standards. Independently
operated dials provide both coarse initial steps for quickly approximating the
required value and progressively finer steps for more exact settings. Less than 10
ppm/0' temperature coefficient. Total resistance values to 1.2 megohms. Accuracy,
0.02%. Six decades of resolution. Power rating, 1/2 watt per step. 30 -day delivery;
Price: $550.00.

ELECTRONIC INDUSTRIES March 1960

S

SEND FOR DESCRIPTIVE LITERATURE

See our display at the

MARCH IRE SHOW
Booth 3010-3011

Electra Scientific industries
7524 S.W. MACADAM  PORTLAND 19, OREGON

formerly ELECTRO-MEASUREMENTS, INC.

ESI has outstanding fob opportunities for experienced design and applications engineers. Call or write C.Dovts.

Circle 371 on Inquiry Card 297



Test Equipment

Audio Oscillators
Distortion Meters
Audio Frequency

Meters
R -F Signal

Generators
Grid Dip Meters

Components

Filters-Low & High I
Frequency

Low Pass
High Pass
Band Pass
Band Rejection

Toroidal Coils
I -F and R -F

Transformer
Assemblies

T -R Switches
R -F Filament Chokes
Audio Phase Shift

Networks
Band Switching

Pi -Networks
Cyclometer -type

Counters
Oscillator Coils
R -F and Audio

Filters
R -F Chokes
Air Wound Inductors
Transmitting

Condensers
,Variable Air)

Frequency
Multipliers

Band Switching
Turrets

Rotary Coils
Antenna Tuning

Networks
Baluns

Special Equipment and Systems

Mobile Radio
Teletype
Equipment

AM SSB Transmit-
ters and Receivers

I

I

L

FOR ADVANCED

I
I

I

I
rya-

I

I

Oa nia qi/cgatvift, (9?te.

TECHNIQUES IN:

I

I

I

I

Filters

 Toroidal
Transformers

 Phase Split
Networks

 Coils

 Baluns

Beaver

B&W's specialized
facilities and experience
in design, engineering
and production are ready
to solve your unique
problems in these fields.
You are assured
immediate action and
short delivery on special
components, assemblies
and equipment.
We invite you to ask for
bulletins or better yet,
drop us specs covering
your specific
requirements.

Darn Road Bristol, Penna.

New
I Products

VACUUM RELAY
RB7B vacuum transfer relay for

relatively high voltage applications
involving antenna switching, pulse
forming networks, and similar r -f and
dc circuits. Two pole double throw,

it measures 1-9/16 in. overall but has
a rated operating voltage of 4 kv at
60 CPS and 2.5 kv at 16 Mc. Con-
tinuous current rating is 6 a. at 60
CPS and 3 a. at 16 MC. It has a
vacuum dielectric, sapphire actuating
rod, and sealed rocker contacts for
heavy contact pressure and resistance
to vibration and shock. Contact resis-
tance is low. Removable actuating
coils are available for 26.5 vdc or
115 vdc operation. Jennings Radio
Mfg. Corp., P. 0. Box 1278, San Jose,
Calif.

Circle 453 on Inquiry Card

WAVEFORM SYNTHESIZER
Type 200 Waveform Synthesizer

creates a stable output waveform of
almost any shape. This is achieved by
separately controlling the character-
istics of small segments of the total
waveform, using different plug-in
units. The amplitude and slope of
each of the 50 increments may be in-
dependently varied without interac-
tion to create the desired waveform;

ofi.4141.4004114b.
:404,4141)04004100-
,404114104041140010404)-
4b01104110($00104)11-
(04114100404114)0400.

and the over-all amplitude and wave-
form duration may then also be
varied over a wide range. Additional
plug -ins are being developed. Exact
Electronics, Inc., P. 0. Box -552, Port-
land 7, Oregon.

Circle 454 on Inquiry Card
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POWER LINE INTERFERENCE with radio broad-
casting power line interference threatened to dis-
rupt radio communications in one section of Japan.
Power transmitting voltages were up in the neigh-
borhood of 250,000 volts, severely effecting radio
reception in the vicinity of the lines. In coopera-
tion with a number of Japanese broadcasting firms,
the power company arrived at the conclusion that
the simple answer was to transmit the power at the
same frequency as the broadcast station carriers.
All the preliminary work has been theoretical. The
actual field test will be completed by March of next
year. The research scientists working on the job
are estimating the chances of success at 50-50.

a For electronics, aircraft and
missile manufacturers...

AN UNLIMITED SOURCE OF
SKILLED LABOR

Impartial analyses show Metropoli-
tan Miami to be the nation's last
unlimited source of skilled, technical
labor. Let us show you how this fac-
tor, combined with the area's other
many advantages, can mean a prof-
itable plant location for your firm.

SEND FOR 300 PAGE SURVEY OF
THIS DYNAMIC AREA

This important study will be mailed to you, in
strictest confidence, if you write, on your letter-
head, to the address listed below.

RICHARD K. WELSH, Director

Dade County Development Department
CHAMBER OF COMMERCE BUILDING

345 NORTHEAST SECOND AVENUE MIAMI 32. FLORIDA

An agency of the Metropolitan Miami government

Circle 386 on Inquiry Card

MFRS. REPS
and AGENTS

WANTED!

Excellent opportunity for reps
interested in offering a unique
new plating and stamping ser-
vice to semiconductor and
component manufacturers. To
be partner on accounts you
bring in. Modern facilities.
Write Box El -14, Electronic
Industries.

Established

PLATING

PLANT
WANTED!

Seek established electroplat-

ing plant for the miniaturized
semiconductor and component

Field. Must have accounts.
Write Box El -15, Electronic

Industries.

TRANSISTOR INDEX

The TRANSISTOR INDEX, by
utilizing keysort card sorting tech-
niques, can in seconds sort out all
transistors of a given characteristic.

 Eleven parameters
for sorting

 Simple, instantane-
ous transistor com-
parison

 Avoids frustrating
data sheet searches

 Compact central file
of all transistor data

 Transistor selection
in less than three
minutes

 Quarterly up -dating
 Pays for itself im-

mediately

The characteristics of each transistor together with other perti-
nent manufacturing data, are printed on individual cards, indexed
and cross-referenced by means of holes and slots at the edge of
the card.

By merely inserting the sorting needle into the hole correspond-
ing to the desired characteristic and lifting the needle, a selection
of ALL transistors bearing those characteristics is made.

The ZECO INDEX contains transistor data from more than 20
manufacturers.

The TRANSISTOR INDEX is updated quarterly by a subscription
service which provides additional cards for new transistors, and the
serial numbers of obsolete transistors, which can be removed from
the deck. Purchase of the INDEX also includes a keysort needle
and storage box. Quarterly subscription service is renewed annually.

ZEUS ENGINEERING
COMPANY

635 SOUTH KENMORE AVENUE
LOS ANGELES 5, CALIFORNIA

Circle 383 on Inquiry Card

DRAFTSMEN!
ENGINEERS!
DESIGNERS!

REr eSEND FOR YOUR I-F Cl& COPY!
TA's new Manual 210G gives you 94 pages of prints,

tables, illustrations, specs and installation tips.

Save money for your company. Conserve your valuable time.
Don't design clamps when TA offers you 40,000 of them to choose
from at off -the -shelf prices!

This free manual shows all sizes and styles of loop clamps,
bonding clamps, multiple clamps, center clamps, wire harness
clamps, wave -guide clamps-plus blocks, brackets, busbars, line
supports, and related items.

Sizes from 1/8" to 6" diameter in 16ths for bolt mountings from
#4 to 3/8". Available in aluminum, steel, and stainless. All manner
of high and low temperature insulation materials.

Put this free manual to work for you I Write TA today.

TA Mfg. Corp. 4607 Alger Street

Los Angeles 39, Calif. (or call CH 5-3748)

TWX 9863 Glendale, Calif.  WUX CAT Los Angeles, Calif.

Circle 384 on Inquiry Card
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ICI
Raster

GCA Display

PPI

11Aft!:
Elevation

Scope

Character Display

A YOKE FOR ANY SCAN

to your Specifications

Composite Display:
Horizon -Altitude -Airport

alma,

NO NV
Off Centered Precision
Sector Scan Linear Sweeps

IlL111!

0 Scope DF Scope

COMPLETE LINE of deflection yokes for every
military and special purpose-in production quan-
tities or custom designed to your exact require-
ment.

For engineering assistance with your display
problems, call on your nearest

SYNTRONIC YOKE SPECIALIST today:

New York Area: Jules J. Bressler Co.
Phone: N.Y., OXford 5-0255; N.J., UNion 4-9577

Philadelphia Area: Massey Associates
Phone: MOhawk 4-4200

Washington -Baltimore Area: Massey Associates
Phone: GRanite 4-2071

Indianapolis: Joe Murphy
Phone: Victor 6-0359

Los Angeles: Ash M. Wood Co.
Phone: CUmberland 3-1201

svntronic
INSTRUMENTS, INC.

100 Industrial Road, Addison, Illinois
Phone Klngswood 3-6444

Circle 373 on Inquiry Card

300

New
Products

MIXER -PREAMPLIFIER
Operating over the 10.5 to 12.4

KMC spectrum, the MMX-3, mixer -
preamplifier, is gain stabilized, has a
20 MC i-f bandpass centered at 60 MC,
25 db. min. overall gain, and a 9 db

max. noise figure. It provides a 50
ohm output impedance making it suit-
able for gain and noise figure mea-
surements on masers and parametric
up -converters in addition to use as
standard sub -assembly for incorpora-
tion into a radar or missile receiving
system. LEL, Inc., 380 Oak St.,
Copiague, N. Y.

Circle 455 on Inquiry Card

CONTROL
Type MLC carbon control is only

172 in. in dia. It can be supplied with
a full -rated switch for 2 a, 125 v ac
service, using a floating contact ring
of the same size and design used in

larger switches for minimum contact
resistance. Either nylon or steel shaft
can be supplied with the control. It
has applications in miniature table
and clock radios, portable TV receiv-
ers, hi-fi amplifiers and test instru-
ments. P. R. Mallory & Co., Inc.,
3029 E. Washington St., Indianapolis
6, Indiana.

Circle 456 on Inquiry Card

... PRECISION BORING

H. 0. Boehme, Inc., specializes in
all phases of precision work. Pre-
cision boring represents one facet
of Boehme precision manufacturing
facilities.
In the large, complex casting shown
here, 6" deep, 20" wide, 6 feet long
and of material %" thick, center
distances were held to limits of
±.0002". (Similarly, in the small
casting, gear centers and line up
holes were held to -±.0002".)

Swiss jig borers accu-
rate to ±.0001", ro-
tary tilt tables and
other specialized
equipment are part of
our modern facilities.

At Boehme you obtain the econom-
ical advantages of modern preci-
sion manufacturing methods, plus
the services of craftsmen whose
practical experience assure preci-
sion in prototype or production -run
products. Your inquiries on preci-
sion engineering, design, and man-
ufacturing services are welcome.
There is no obligation, of course.

FL O.
Contractors, Designers, Manufactyrers
of Precision Electrical, Electra -
Mechanical and Electronic
Equipment since 1917

Boehme, Inc.

915 Broadway New York 10, N.Y.
Circle 374 on Inquiry Card
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VARIAN
Potentiometer
RECORDERS
Used by the thousands

because . .

4. ACCESSIBILITY IS

NOTE-AKE
The Varian G -10's open, hori-
zontal chart is the delight of any
man who writes notes. And this
recorder is so compact that it
can be moved right in close to
the work, letting you keep your
eyes on the experiment and
your pencil on the chart.

Prices from $365; 1% accuracy; 1 or
25 second full scale balancing time;
adjustable or fixed spans 10 to 100
millivolts; wide choice of speeds and
accessories. Full specifications and
description in Varian literature. Write
the Instrument Division.

VARIAN
associates
PALO ALTO 19,CALIFORNIA

Circle 375 on Inquiry Card

FiTs1Products
AC TO DC CONVERTER

Linear ac to de converter, Model
710, converts an ac voltage to a de
voltage which can be measured with
an accurate de device. A wide range
of voltages can be measured with an
accuracy of 0.25%. Input range cov-
ered is 1 my to 1000 v in 6 decade
ranges. Input impedance has a re-
sistive component of 2 megohms

shunted by 15 ki,uf to 25 mixf depending
on range. Output is a linear func-
tion of input voltage within its range.
Ballantine Laboratories, Inc., Boon-
ton. N. J.

Circle 457 on Inquiry Card

NEUTRON COUNTER
"Long" type neutron proportional

counter for neutron monitoring ap-
plications, the Model NC -1, detects
thermal neutrons with a BF, -filled
counter. In fast neutron counting, it

is used with either the Model MC -1,
a non -directional moderator, or with
the Model SMC-1, a shielded direc-
tional moderator. This detector -mod-
erator combination gives the system
a relatively flat response over range
of neutron energies from 100 Key
to 5 Mev with the MC -1 unshielded
moderator, and from 10 Key to 5
Mev with the shielded SMC-1 modera-
tor. The Victoreen Instrument Co.,
5806 Hough Ave., Cleveland 3, Ohio.

Circle 458 on Inquiry Card

THIS IS THE
CORRECT
EASY WAY

PEEL
the STANPAT from its

backing.

PLACE
the STANPAT into

position on the tra-cirg.

PRESS
into position ... w II 'lot

wrinkle or come off.

Don't chain your engineers to time-
consuming routine on repetitive blueprint
items ... free them for more creative work
and save countless hours of expensive
drafting time with STANPAT.
STANPAT prints these items on tri-acetate
sheets that are easily transfer;ed to, your
tracings. No special equipment required...
reproductions come out sharp and clear...
and STANPAT is incredibly inexpensive.

19 YEARS OF SERVICE TO INDUSTRY

STANPAT COMPANY
Whitestone 57, N. Y., U. S. A. I

I Phone: FLushing 9-1693-1611 I
ri Please quote on enclosed samples

1 ilJ Kindly send me STANPAT literature and I
samples. Dept. 165

I Name I
I Title I
I Company I

Address

16. m im ims .. ml
Circle 376 on Inquiry Card
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Special

Sockets

and

Connectors

...FROM DESIGN
TO PRODUCTION
Jettron is fully -equipped to design
and manufacture your precision
electronic components including
connectors, sockets and cable
assemblies. Call or write Jettron
for quotations on "specials" for
all commercial and military
applications.

Ultra High Frequency
Socket Type CD -7620

For the 2C39 family
of tubes, including
the General Electric
GL -6897 and the Eimac
3CX100A5, features
very low capacitance
from cathode or anode
to ground.

Input Connector
Type CD -7700

For the Western Elec-
tric 6280/416E3 planar
type triode. Has 18
spring fingers making
contact with the RF
cathode; specially de-
signed beryllium cop-
per contacts.

Ultra High Frequency
Socket Type CD -8210
Designed by Jettron
for use with the Gen-
eral Electric GL -6442
and similar lighthouse
tubes. Features very
low capacitance from
cathode or anode to
ground.

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

Sales Engineers in Principal Cities
Circle 378 on Inquiry Card

112111Products
NULL DETECTOR

Model 56A -R, de null detector, is a
rack -mounted detector for production
testing of close tolerance components
normally tested on do bridges. It has
8 ranges of sensitivity, covering from
10 Av to 100 v full scale. Input re-
sistance is 10 megohms on all ranges.

The input floats above ground by a
minimum of 200 megohms. It may be
used as a de amplifier with a gain of
100 db. The amplifier output is avail-
able at front panel binding posts.
Boonton Electronics Corp., 738 Speed-
well Ave., Morris Plains, N. J.

Circle 459 on Inquiry Card

CHILLING MACHINE
Low temp. production chilling ma-

chine, Model 7SR-120-32, is for stabili-
zation of metal aircraft structures.
It uses a convection fluid for rapid
uniform chill, has a max. low temp.
of -150°F and a thermal capacity of
14,000 Btu/hr at -120°F. With the

pre -chilled liquid in the chamber, 500
lbs. of steel per hr. can be chilled
from ambient temp. to -10°F. Over-
all dimensions are 140 x 66 x 38 in.
Cincinnati Sub Zero Products, 3932
Reading Rd., Cincinnati 29, Ohio.

Circle 460 on Inquiry Card

Ask us about it at the IRE show,

Booth No. 4416.

ANOTHER ARer
For SUPER -TEMP

U
APPROVED

TEFLON WIRE!
Super -Temp . . . always first with the finest
. . . now offers Underwriters' Laboratories
label service on appliance wiring material for
standard "Type E" Teflon insulated hook-up
wire. Super -Temp's U. L. approved wire offers
5 big advantages.

1. Small Diameters -10 mil wall thickness
2. Wide Range of Sizes
3. High Temperature Protection
4. Soldering Protection
5. Chemical Resistance

OUPONT S TFE RESIN

saverwe WITH supwri.stp
American Super -Temperature Wires, Inc.
32 West Canal Street, Winooski, Vermont UNiversity 2-9636 
General Sales Office: 195 Nassau St., Princeton, N. J.  WAlnut 4-4450

A Subsidiary of Haveg Industries, Ina

Circle 377 on Inquiry Card

Free! Send for 1960
Catalog. 88 pages of
valuable data.
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Products
DC AMPLIFIER

Transistorized DC Amplifier, Model
DA -11, withstands vibration of 20 g
from 15 to 2000 cPs, shock of 100 g,
acceleration of 100 g (each axis), and
operates over +32°F to +150°F. It

meets MIL -E -5272B Procedure III. It
handles signals as low as 0 to 10 my
and as high as 250 my. Under max.
gain, an input signal of ± 10 my will
produce output signals of ± 5 v. Car-
rier rejection is 60 db or greater be-
low max. output. Operating power is
+20v. at 25 ma ±5%. United Electro-
Dynamics, 200 Allendale Rd., Pasa-
dena, Calif.

Circle 461 on Inquiry Card

DIODES
Series of hermetically sealed sili-

con Varactor diodes, designated MA -
450A through MA -450E, feature re-
versible polarity. A base adaptor is
supplied with each diode. Cartridge
shunt capacitance, at 100 KC, is about
0.4 1.q.if. Series lead inductance is less
than 10-9 h. Power dissipation rat-

ing ranges between 300 mu for lowest
cutoff types to 150 mw for highest
cutoff types. They conform to MIL-
E -1 dimensions. Microwave Asso-
ciates, Sales Dept., Northwest Indus-
trial Park, Burlington, Mass.

Circle 462 on Inquiry Card

MOST

MODERN

OSCILLOSCOPE COMMERCIALLY

AVAILABLE

 DC to 35 mc-useful to 60 mc
 Accurately repeatable measurements-

even by untrained personnel

 Direct reading digital ReadOut of
measurements

 Analog to digital converter-external
recorders of all types

The first oscilloscope
with digital and printed
ReadOut, and versatility
exceeding all other com-
mercial models.

 Largest useful viewing area -5 x 10 cm.

 Modular construction-replaceable
modules

 Two plug -ins used simultaneously

 Electronic switches in X, Y and Z axis

 No tube selection required

The Du Mont 425 will outperform any commercially available oscilloscope
in its class. The 425 is not only a dc to 35 mc scope (useful to 60 mc now, 600
soon), but simultaneous use of two plug -ins from a large selection of functional
plug -ins extends its versatility to infinity-it defies obsolescence. Add to this such
features as: digital ReadOut of measurements, a unique two -dot system for making
accurately repeatable measurements by minimizing human error, joystick control
of traces, replaceable modular construction, and many others. The more you know
about scopes-the more you'll want the 425 by Du Mont. Write for complete
technical details.

PRICE:

See us at the IRE
Show, Booth 3901-2 (without plug -ins)

precision electronics is our business

ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE
COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT

ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U. S. A.
INTERNATIONAL DIVISION  515 MADISON AVENUE, NEW YORK 22, N Y  CABLES. AIBEEDU, NEW YORK

SEE US AT I.R.E. SHOW BOOTHS 3901-3902

$275000
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TRU-OHM
POWER

RHEOSTATS
designed to meet and

exceed MIL -R-22
specifications

Tru-Ohm Rheostats have deeper cores with more heat
dissipating area, permitting the use of a larger diam-
eter of wire. This provides a safety factor with a longer
life and minimum possibility of burn -outs.  There are many
other features in the complete line of TRU-OHM RHEOSTATS
which make them a "must" for your next rheostat order . . .

no backlash in shaft, precise winding, insulated shaft, high tem-
perature enamel and rugged construction, U.L. approved . . . rheo-
stats you con buy with confidence.  Available in sizes 25, 50, 75, 100
and 130 watts . . . with all variations in shafts, tolerances and off posi-
tions. Bock of panel mounting dimensions are standard in the industry.

Division of Model Eng. 8 Mfg., Inc.

PRODUCTS
GENERAL SALES OFFICES
2800 N. MILWAUKEE AVE. CHICAGO 18, ILL.

WRITE FOR
LITERATURE

TODAY!

FACTORY:
HUNTINGTON,

INDIANA

Circle 380 on Inquiry Card

New Marconi Capacity Bridge enables difficult measurements such as
temperature co-efficients, circuit strays and tube interelectrode capacities
to be easily made. Capacitors already wired into circuits can be checked
without removal by the three terminal "in situ" method.
Model 1342 uses the transformer ratio arm technique which permits
measurement of small capacities at the end of long screened leads to
be measured without loss of accuracy

Brief Specification
Range: 0.002 to 1,111 AuF
Accuracy: 0.2% BOOTHS
Resistance range: 1 to 1000 1v12 3301-3-5
Frequency 1 Kc

Decimal point inserted automatically

I.R.E.
SHOW

111 CEDAR LANE  ENGLEWOOD NEW JERSEY

New
Products

DC BRIDGE
High speed dc bridge, Model AB -

4 -5, can sort resistors into 3 groups
automatically at rates of 5000 pieces
per hr. It can sort to high accuracy
as shown: 10 ohms to 100 ohms,

; 100 ohms to 2 megohms,

; 2 megohms to 10 megohms,
-±0.2%; 10 megohms to 100 megohms,

A built-in 7 -dial resistance
decade is provided for setting to
nominal values of resistance. Toler-
ance limits are set by plug-in units.
Resettable electro mechanical coun-
ters tally the pieces in each bin. In-
d u s t r i a l Instruments Automation
Corp., 89 Commerce Rd., Cedar Grove.
N. J.

Circle 463 on Inquiry Card

GLASS PREFORMS
Copper sealing glass preforms, Cop -

seal, for true glass -to -copper seals
with no intermediate materials or
components. Specific electrical re-
sistance at 100°C is of the order of
Log,. 11.1 ohms per centimeter and
increases as temperature is decreased.
Coefficient of expansion is 155 x 10 '.

The product is preformed to the me-
chanical and electrical requirements
of the components manufacturer.
Mansol Ceramics Company, 140
Little Street, Belleville, New Jersey.

Circle 464 on Inquiry Card
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TUNING FORK
CONTROLLED

PRECISION
FREQUENCY
PACKAGES

FROM 1.0 TO 4,000 CPS.

Overall accuracies from ±.05% to ±.01% over -55°C
to +85°C range, aid to ±.001% from zero °C to +75°C,
without use of ovens.

Silicon and germanium transistorized. Sinewave,
squarewave and pulse outputs. 18, 20, 24, and 28
volt DC inputs.

Conservatively designed reliable units, potted in sili-
cone rubber and hermetically sealed, for operation
under NIL environmental conditions.

PHONE EDgewood 3-1700, or TWX WBRY 5103, or
write:

PHILAMON LABORATORIES INC.
90 HOPPER STREET, WESTBURY, LONG ISLAND, N.Y.
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Expanding the Frontiers of

Space Technology in

ELECTROMAGNETICS

Lockheed Missiles and Space Division maintains
extensive research capabilities for the development
of antennas and electromagnetic devices for space
vehicle applications.

Laboratory studies in antennas and electromagnetic
propagation include the application of solid state
materials to microwave transmission line component and
parametric circuits; the design of antennas to survive
the rigors of space flight; and the effects of scattering
from missile and space vehicle structures.

Research is also being conducted in the application of
MASERS; on problems of radio transmission between
space vehicles and Earth; effects of reentry ionization
on radio transmission and reception; and development
of antennas for data link systems between satellites
and ground stations.

Engineers and Scientists
Lockheed Missiles and Space Division has complete
capability in more than 40 areas of science and
technology - from concept to operation. Its programs
reach far into the future and deal with unknown and
challenging environments. If you are experienced in
electromagnetics or in related work, we invite you to
share in the future of a company with an outstanding
record of achievement and make an important individual
contribution to your country's scientific progress.
Write: Research and Development Staff, Dept. C-48,
962 W. El Camino Real, Sunnyvale, California.
U.S. citizenship or existing Department of Defense
clearance required.

Lockheed MISSILES AND SPACE DIVISION
Systems Manager for the Navy POLARIS FBM; the Air Force AGENA Satellite in the DISCOVERER Program

and the MIDAS and SAMOS Satellites; Air Force X-7; and Army KINGFISHER

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIF. CAPE CANAVERAL, FLA.  ALAMOGORDO, N. M. HAWAII



PROFESSIONAL
OPPORTUNITIES

Reporting late developments affecting the employment picture in the Electronic Industries

Design Engineers Development Engineers Administrative Engineers Engineering Writers
Physicists Mathematicians Electronic Instructors Field Engineers Production Engineers

Engineering Interns
"Internships" and "residencies"

in engineering education are not
far off because of the increasing
complexity of the subject, says
Prof. William G. Dow, chairman of
the Dept. of Electrical Engineer-
ing at the Univ. of Michigan.

He told the Northeastern Michi-
gan section of the AIEE that, "the
last 25 years have produced so
much new, professionally valuable
scientific knowledge that graduate
level instruction is increasingly
important."

The university is extending its
instructional resources to areas
outside the campus and trying to
work out plans to make off -campus
graduate level teaching more fully
an integral part of the total pro-
gram.

"Outstanding" EE of '59
ETA Kappa Nu Association, a

national honorary electrical engi-
neering fraternity, has selected Dr.
Edgar A. Sack, Jr., as the "Out-
standing Young Electrical Engi-
neer" for 1959. The award jury
considers a broad range of quali-
fications including professional
achievement and what the young
engineer has accomplished in civic
and social leadership.

Dr. Sack, manager of the dielec-
tric devices section of the West-
inghouse Research Labs, has been
working on special applications of
electroluminescence. Away from
the job he serves as a volunteer
fireman, and is active in civil de-
fense, politics, and amateur radio
communications.

AEC Grant to Lehigh
A boiling water heat transfer

unit for Lehigh University's nu-
clear education program will be the
major purchase of a $38,500 grant
from the Atomic Energy Commis-
sion. The equipment will be used
to study heat transfer pressure
drop characteristics of high pres-
sure water and heat transfer prob-
lems in nuclear reactors.

Administrative Skill A Must For
The Successful Electronic Firm
The 1960's will bring a new challenge to the management of electronic

firms, said Kenneth F. Julin, President of Leach Corp., Compton, Calif.
The challenge, he said, will face both small and large companies. and
will call for reservoirs of management skill without precedent in the

industry's history.
The industry, he predicted, will

scale a new peak of $9.5 billion in
military and commercial produc-
tion. He saw narrowing profits for
electronic manufacturers despite a
larger share of the defense dollar-
possibly as much as 20% larger-
going to the industry as military
systems grow more complex and
sophisticated. He cited mounting
competition, and the higher cost of
research and development as fac-
tors eating into the profit dollar.

Large companies, strong in po-
tential and facilities, will find
themselves facing grave problems
in production because they lack the
flexibility of small manufacturers
to meet the demands of a rapidly
changing technology. On the other
hand, smaller companies which
have prospered because of almost
unlimited opportunities despite
often questionable management,
will find themselves facing increas-
ing competition from the larger
corporations. It may take a decade
before large and small companies
alike finally find their niche in the
industry, and learn that certain
jobs can be performed better by
large producers and other jobs bet-
ter by smaller, highly specialized
and flexible suppliers.

The west coast executive saw un-
precedented opportunities in com-
mercial electronics as the industry
projects its engineering know-how
and capability into plant automa-
tion, testing and measuring de-
vices, communication and naviga-
tion, and commercial application
of computational equipment.

FOR LEADERSHIP

Elston H. Swanson, President of Instruments
for Industry, Inc., Hicksville, N. Y., holds
plaque presented to him in "appreciation of
his vision, leadership, and service." The long
Island Electronic Manufacturers Council made
the award.

School Gets TV Equipment
The GPL Division of General

Precision, Inc., Pleasantville, N. Y.,
has shipped two model PD -250
viewfinder TV cameras and asso-
ciated equipment to the Dept. of
Radio, TV and Motion Pictures at
the University of North Carolina
for its Chapel Hill Communications
Center.

In addition to the vidicon cam-
eras, the TV equipment includes
three studio control and monitor-
ing consoles, two rack mounted
camera control units, three 14 in.
TV monitors and 3 in. waveform
monitors, a video switcher-fader,
and related accessories. The equip-
ment will be used in teaching
courses in TV production tech-
niques. Later on the gear will be
used in experiments with various
subjects in direct TV teaching.

FOR MORE INFORMATION . . .

on positions described in this
section fill out the convenient
inquiry card, page 250.
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How to thread a needle
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in the dark

TARAN (Tactical Attack Radar and Navigator)
is typical of the important new electronic
systems developed by Hughes-in an atmos-
phere famed for its engineering orientation.
Hughes engineers have designed this system to
enable pilots to fly blind at very low altitudes
in any kind of weather - and actually deliver
any kind of armament at tactical targets.
TARAN's amazing abilities are based on several
major electronic advances developed by Hughes
engineers: A radar system with several times
the range and azimuth resolution of current
radars. An Automatic Navigation and Display
System which pinpoints position continuously
and automatically corrects for any navigational
deviations. A unique terrain clearance indication
warns the pilot of any obstacles when flying at
low altitudes. A radar antenna utilizing elec-
tronic rather than mechanical lobing.

Molten Ladle of silicon is watched during first step in
the precise manufacture of Hughes semiconductors, just
one of the Hughes commercial activities.

The Fording Test is typical of the tough environ-
mental tests imposed upon advanced electronic equipment
designed and produced by Hughes Fullerton engineers.

Other Hughes activities provide similarly stim-
ulating outlets for creative engineers. A few
representative project areas include: advanced
data processing systems, molecular electronics,
advanced 3-D surface radar systems, space
vehicles, nuclear electronics, ballistic missiles,
infrared devices-and a great many others.
The commercial activities of Hughes have many
interesting assignments open for imaginative
engineers to perform research, development,
manufacturing of semiconductors, electron
tubes, and microwave tubes.
Whatever your field of interest, you'll find
Hughes' diversity of advanced projects gives
you widest possible latitude for professional and
personal growth.

Newly instituted programs at Hughes have created immediate
openings for engineers experienced in the following areas:

Electroluminescence
Infra -red

Solid State Physics
Digital Computers
Reliability & Quality Assurance
Systems Design & Analysis

Equipment Engineering
Microwave & Storage Tubes
Communications Systems
Inertial Guidance
Field Engineering
Circuit Design & Evaluation

Write in confidence to Mr. R. A. Martin
Hughes General Offices. Bldg. 6 -Cs. Culver City. Calif.

Creating a new world with ELECTRONICS

HUGHES
01960, Hughes Aircraft Company

HUGHES AIRCRAFT COMPANY
Culver City, El Segundo, Fullerton, Newport Beach,
Malibu and Los Angeles, California; Tucson, Arizona
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THESE CRYSTALS COULD FULFILL
YOUR RESEARCH CAREER

The amazing potentialities of solid state
materials typify the outstanding oppor-
tunities for research or engineering at The
National Cash Register Company. Why
not investigate these opportunities? At
National, you could do stimulating, re-
warding work in these fields:

Electronics & Data Processing

Computer Theory, Computer Component
Development, Machine Organization
Studies, High -Speed, Non -Mechanical
Printing and Multi -Copy Methods, Direct
Character Recognition.

Electronic Engineering Development

High Speed Switching Circuit Techniques,

Random Access Memory Systems, Circuit
and Logical Design, Printed and Etched
Circuitry, Advanced Storage Concepts.
Microminiaturization of components and
circuitry.

Solid State Physics

Electrodeposited Magnetic Films,Vacuum
Deposited Thin Magnetic Films, Ferrites
and Ferromagnetics, Electroluminescence-
Photoconductor Investigations, Advanced
Magnetic Tape Studies.

Chemistry

Plastics and polymers, Micro -encapsulation
of liquids and reactive solids, photochromic
materials, magnetic coating studies.

THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS
76 YEARS OF HELPING BUSINESS SAVE MONEY

National's Research and Development Center
is located at its production and sales
headquarters in Dayton, Ohio. You may
also wish to investigate the opportunities
at our Electronic Division at Hawthorne,
California.
For complete information, simply send your
résumé to Mr. T. F. Wade, Technical
Placement Section F9-1, The National
Cash Register Company, Dayton 9, Ohio.
All correspondence will be kept strictly
confidential.

*TRADEMARK REG. U.S. PAT. OFF

VERSATILE DATA PROCESSING

DIVERSIFIED CHEMICAL PRODUCTS

DOING MACHINES  CASH REGISTERS

(COUNTING MACHINES  NCR PAPER
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ELECTRONIC INDUSTRIES
STAFF REPORT

Just one year ago El published "Today's Electronic Engineer" an outstand-
ingly successful feature on the personal traits of electronic engineers.
Here is the sequel, covering other sides of the engineer's character.

"Today's Electronic Engineer"

Part II

In accordance with our policy of supplying informa-
tion of interest to our readers, a further analysis of
the profile study on Today's Electronic Engineer has
just been completed (see Today's Electronic Engineer,
March, 1959).

Following the appearance of that article many
readers inquired about other aspects. The majority
of the inquiries were about these specific areas:

1. What is the relationship between the number of
plants in which an engineer has worked and
other aspects of his profile? (See table A)

2. What is the relationship between the value of the

engineer's home and his pensions, life insurance
and liquid assets? (See table B)

3. How do engineers who work for companies which
provide pensions differ from engineers who work
for companies which do not provide pensions?
(See table C)

Those questions have been answered in the tables
shown.

These tabulations offer additional data to assist you
in evaluating your present and future ambitions. And
they are presented in a form which you can interpret
on an individual basis.

TABLE A

PRESENT ANNUAL INCOME

Number of Plants Worked Since School Number of Plants Worked Since School '

Age - Under 29 Total 2 3 5 6 7 8 9 Age - 30 - 39 Total 2 3 5 6 7 8 9

430 100.0 226 125 54 14 6 3 1 1 1050 100.0 246 279 228 156 66 37 18 12 8

Under $5,000 5 1.2 2 1 1 Under $5,000 3 .3 I I I

5.000 - 5,999 39 9.0 19 10 7 2 I 5,000 - 5,999 15 1.4 4 5 2 3 1

6,000 - 7,449 186 43.3 123 42 17 2 1 1 6,000 - 7,449 105 10.0 28 28 16 18 5 7 2 I

7,500 - 9,999 170 39.5 76 59 23 6 4 2 7,500 - 9,999 434 41.3 113 121 97 57 21 8 8 5 4
10,000 - 12,499 27 6.3 6 12 5 3 1 10,000 - 12,499 306 29.2 66 79 78 42 17 15 3 3 3
12,500 - 14,999 3 .7 1 2 12,500 - 14,999 122 11.6 21 34 22 25 13 3 I 3
15,000 - 17,499 15,000 - 17,499 47 4.5 9 8 8 7 9 3 2
17,500 - and over 17,500 - and over 18 1.7 4 3 5 4 I I

Age - 40 - 49 Age - 50 and over
339 100.0 30 55 78 51 37 30 17 17 24 120 100.0 8 17 13 14 16 13 9 II 19

Under $5,000 I .3 I Under $5,000
5,000 - 5,999 6 1.8 I 2 I 2 5,000 - 5,999 I .8
6,000 - 7,449 24 7.1 2 4 5 5 6 I 6,000 - 7,449 8 6.7 3 I I 3
7,500 - 9,999 99 29.2 8 17 22 14 II 9 3 7 8 7,500 - 9,999 20 16.711112 415 4
10,000 - 12,499 98 28.9 10 18 18 16 10 6 9 3 8 10,000 - 12,499 29 24.1 3 I 3 2 3 3 4 4 6
12,500 - 14,999 51 15.0 3 7 16 7 6 4 3 5 12,500 - 14,999 22 18.3 3 5 3 4 2 2111
15,000 - 17,499 36 10.6 2 6 8 4 6 3 2 2 3 15,000 - 17,499 17 14.2 I 3 3 3 3 I I 2
17,500 - and over 24 7.1 4 3 8 3 4 I 17,500 - and over 23 19.2 4 3 4 6 3 I 2

PRESENT APPROXIMATE VALUE OF LIQUID ASSETS

Number of Plants Worked Since School Number of Plants Worked Since School

Age - under 29 Total
1 % 2 3 6 7 8 9 Age - 30 - 39 Total 2 3 5 6 7 8 J 9

441 100.0 235 127 54 14 6 4 I 1059 100.0 244 280 236 156 68 37 18 12 8

Under $500.00 89 20.2 56 22 9 2 Under $500.00 113 10.7 30 27 18 18 6 6 5 I 2

500 - 1,999 170 38.5 87 51 23 6 2 1 500 - 1,999 312 29.4 78 72 76 39 26 12 4 4 1

2,000 - 3,999 77 17.5 41 23 8 I 2 2 2,000 - 3,999 216 20.4 44 71 51 36 9 I 4
4,000 - 5,999 49 11.1 21 19 5 2 I I 4,000 - 5,999 142 13.4 33 35 17 II II 6 2 3 2

6,000 - 8,999 28 6.3 17 5 4 I 6,000 - 8,999 80 7.6 18 26 17 II I 3 I 2 I

9,000 - 12,999 17 3.9 10 4 2 I 9,000 - 12,999 66 6.2 12 14 18 14 2 6
13,000 - 17,999 8 1.8 I 3 2 2 13,000 - 17,999 44 4.2 7 16 7 6 5 I I 1

18,000 - 23,999 2 .5 2 18,000 - 23,999 30 2.8 9 5 4 4 41111
24,000 - 39,999 I .2 24,000 - 39.999 24 2.3 5 6 7 4 I

40.000 - and over 40,000 - and over 32 3.0 8 8 5 7 4
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TODAY'S ELECTRONIC ENGINEER

Age - 40 - 49

TABLE A

Number of Plants Worked Since School

(Continued)

Age - 50 0 over

Number of Plants Worked Since

7

School

8

II 19

I

.2 2

I 4

1 3

2

I

I

2

2

I 6

Total % I
1 1 2 1 3 I 4 5 I 6 1 7 1 8 9] Total 1% 1 2 3 5 6

Under $500.00
500 - 1,999
2,000 - 3,999
4,000 - 5,999
6,000 - 8,999
9,900 - 12,999
13,000 - 17,999
18,000 - 23,999
24,000 - 39,999
40,000 - and over

343

16

53

80

50

31

30

28

14

17

24

400.0

4.7

15.5

23.2

14.6

9.0
8.7
8.2
4.1

5.0
7.0

30

2

9

7

2

I

I

3

I

4

55

3

8

16

9

7

I

5

2

2

2

80

2

16

15

10

8

9

6

3

5

6

52

4

7

16

8

I

5

5

3

3

37 31 17

2 3 I

5 5 I

9 7 2

5 5 3

3 2 4515
3 4

I 2

2 I

2 I I

17

5

2

2

I

2

2

3

24

1

4

4

I

3

I

4

3

I

2

Under $500.00
500 - 1,999
2,000 - 3,999
4,000 - 5,999
6,000 - 8,999
9,000 - 12,999
13,000 - 17,999
18,000 - 23,999
24,000 - 39,999
40,000 - and over

122 100.0

2 1.6

16 13.1

II 9.0
14 11.5

8 6.6
7 5.7
9 7.4

10 8.2
9 7.4

36 29.5

9

3

2

1

1

2

19

4

2

I

2

I

I

I

7

13

I

2

1

3

6

14 15

2 2

3 3

1

I I

2 2

I I

2

3 5

13

2

2

I

1

2

2

3

9

'I

3

I

1

3

HIGHEST LEVEL OF FORMAL EDUCATION ATTAINED

Number of Plants worked Since School Number of Plants Worked Since School

Age - Under 29 'Total % I I 2 3 5 6 7 8 Age - 30 - 39 17Total % I
i

2 1 3_1 4 1 5 6.1 7 8 ! 91

443 100.0 234 129 54 14 6 4 I I 1076 100.0 250 288 238 158 68 38 17 II 8

High School 4 .9 2 I 1 High School 19 1.8 5 6 2 1 I I 2 1

Tech. School 19 4.3 5 6 5111 Tech. School 72 6.7 10 20 13 14 6 3 3 I 2
College 236 53.3 131 63 31 7 I 2 College 446 41.4 120 122 87 63 24 14 7 6 3
Post Graduate 184 41.5 96 59 18 6 3 I I Post Graduate 539 50.1 120 141 132 79 37 20 6 2 2

Age - 40 - 49 Age - 50 and over
348 100.0 31 56 80 54 38 31 17 17 24 125 100.0 9 19 14 15 16 13 9 11 19

High School 15 4.3 I 3 2 3 4 I - I High School 3 2.4 I I I

Tech. School 31 8.9 4 4 5 6 2 3 5 I I Tech. School 16 12.8 I 3 2 I 3 2 4

College 180 51.7 16 27 39 32 20 14 8 10 14 College 56 44.8 5 8 7 8 7 3 4 5 9
Post Graduate 122 35.1 10 22 34 13 12 13 4 5 9 Post Graduate 50 40.0 3 8 5 7 8 9 2 3 5

HOW MANY CHILDREN DO YOU HAVE?

Number of plants Worked Since School Number of Plants Worked Since School

Age - Under 29 1Total % I 1 3 4 5 6 7 8 9 Age - 30 - 39 Total %
I 2 3 4 5 6 7 8 9

292 100.0 147 89 39 .9 5 2 956 100.0 222 245 214 144 61 36 16 II 7

1 99 34.0 54 25 10 4 4 I. I 198 20.7 52 58 38 24 13 7 4 I 1

2 98 33.6 49 35 12 I 1 2 335 35.1 79 92 73 50 13 14 5 7 2
3 34 11.6 16 9 5 3 I 3 244 25.5 51 58 55 110 21 10 5 2 2
4 12 4.1 3 5 4 4 107 11.2 22 24 32 19 7 2 I

5 I .3 1 5 18 1.9 4 2 7 3 2

6 6 8 .8 I 3 2 I I

7 7 2 .2 I I

8 8 I .1 I

9 or more 9 or more I .1 I

None 48 16.4 24 15 8 I None 42 4.4 12 8 6 6 5 2111
Age - 40 - 49 Age - 50 and over

315 100.0 27 52 74 47 37 26 14 15 23 113 100.0 7 18 13 13 15 12 7 II 17

1 48 15.2 6 II 7 7 6 5 2 3 I 1 31 27.4 I 6 4 2 I 5 3 3 6
2 138 43.9 14 21 43 21 12 11 4 5 7 .2 42 37.1 4 4 6 5 8 6 2 3 4
3 10 22.2 5 13 12 II 6 5 7 3 8 3 22 19.5 I 4 2 3 5 I 3 3
4 31 9.8 2 I 6 5 6 3 1 2 5 4 9 8.0 I I 2 I 2 2
5 7 2.2 I 1 5 5 2 1.8 2
6 3 1.0 I I 1 6 2 1.8 I 1

7 3 1.0 2 1 7
8 I .3 8

9 or more I .3 1 9 or more
None 13 4.1 4 3 I I 2 2 None 5 4.4 I I 2 I

REQUIRED PERCENTAGE OF SALARY INCREASE TO CHANGE JOB (LOCALLY)

Number of Plants Worked Since School Number of Plants Worked Since School

Age - Under 29 Age - 30 - 39Total II 2 31 5 6 7 81 9 Total 3 4 5 Minn 9

427 100.0 225 126 51 13 6 4 I I 1000 100.0 231 270 228 142 63 33 16 9 8

1% - 9% 22 5.1 8 8 6 1% - 9% 43 4.3 7 13 14 3 3 2 I

10% - 19% 252 59.1 129 84 31 3 1 3 I 10% - 19% 524 52.4 120 134 121 81 36 18 3 7 4
20% - 29% 135 31.7 75 32 14 9 3 1 1 20% - 29% 340 34.0 81 98 74 44 17 10 10 2 4
30% - 39% 12 2.8 9 1 I I 30% - 39% 45 4.5 10 13 12 7 2 1

40% - 49% 1 .2 40% - 49% 9 .9 6 3

50% - 59% 3 .7 2 50% - 59% 31 3.1 7 9 2 5 5 2 I

60% - 69% .2 1 60% - 69%
70% - 89% 70% - 89%
90% - 99% I .2 1 90% - 99% 6 .6 2 1 2 1

100% - and over 100% - and over 2 .2 I I

Age - 40 - 49 Age - 50 and over
315 100.0 29 52 72 47 36 27 15 14 23 96 100.0 8 13 110 12 13 9 5 II 15

1% - 9% 16 5.1 I 6 2 3 I 2 I I% - 9% 1 1.0

10% - 19% 122 38.8 8 18 28 24 13 12 7 5 10% - 19% 25 26.1 2 I 3 4 4 2 4 I 4

20% - 29% 116 36.8 II 18 24 19 9 12 5 6 12 20% - 29% 41 42.7 2 8 6 5 5 4 I 3 7
30% - 39% 28 8.9 2 8 9 2 2 I I I 2 30% - 39% 7 7.3 I I 1 2 I 1

40% - 49% 8 2.5 I 2 I 3 I 40% - 49% 2 2.1 2

50% - 59% 16 5.1 2 4 2 6 2 50% - 59% 14 14.6 3 2 3 2 2 2

60% - 69% 60% - 69% I 1.0 1

70% - 89% 70% - 89%
90% - 99% 8 2.5 4 I 2 I 90% - 99% 4 4.2 I 2

100% - and over I .3 I 100% - and over I 1.0
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TODAY'S ELECTRONIC ENGINEER
TABLE B

PRESENT APPROXIMATE VALUE OF LIQUID ASSETS

Approximate Value of Home
Approximate Value of Home

Present Income
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Under $7,500 207 100.0 15 64 93 26 5 3 I $7,500 - 9,999 510 100.0 17 120 231 95 36

Under $500.00 44 21.3 I 12 23 6 2 Under $500.00 69 13.5 I 13 38 14 3500 - 1,999 89 43.0 7 32 43 5 1 I 500 - 1,999 179 35.1 5 39 88 32 II2,000 - 3,999 35 16.9 3 9 13 8 I 1 2,000 - 3,999 132 25.9 2 32 58 24 124,000 - 5,999 16 7.7 2 2 8 3 1 4,000 - 5,999 49 9.6 4 10 22 9 26,000 - 8,999 9 4.3 3 3 2 1 6,000 - 8,999 35 6.9 3 II 10 6 49.000 - 12,999 8 3.9 I 6 I 9,000 - 12,999 16 3.1 I 4 7 3 I13,000 - 17,999 3 1.4 I 2 13,000 - 17,999 13 2.5 7 4 218.000 - 23,999 I .5 1 18,000 - 23,999 4 .8 111124,000 - 39.999 I .5 1 24,000 - 39,999 7 1.4 I I I 440,000 - & over I .5
I 40,000 - t over 6 1.2 2 2 2

Present Income
Present Income

10,000 - 12,499 384 100.0 4 67 125 102 55 25 6 12,500 - 14,999 170 100.0 14 37 54 35

Under $500.00 22 5.7 I 4 5 10 2 Under $500.00 4 2.4 2 I500 - 1,999 95 24.7 I 18 35 28 7 5 I 500 - 1,999 33 19.4 3 10 13 52,000 - 3,999 87 22.7 2 13 26 22 15 5 3 2,000 - 3,999 31 18.2 3 3 13 84,000 - 5,999 73 19.0 14 29 13 II 5 I 4,000 - 5.999 28 16.5 2 9 7 36,000 - 8.999 33 8.6 7 10 8 8 6,000 - 8,999 17 10.0
I 4 6 49,000 - 12,999 28 7.3 5 7 8 4 4 9,000 - 12,999 12 7.1 2 2 513,000 - 17,999 18 4.7 3 5 3 5 5 13,000 - 17,999 12 7.1
I 4 4 I18,000 - 23.999 9 2.3 2 2 4 I 18,000 - 23,999 6 3.5

I 324,000 - 39,999 8 2.1 4 2 I I 24,000 - 39,999 13 7.6 3 3 3 I40,000 - & over II 2.9
I 2 4 I 2 I 40,000 - & over 14 8.2 I 2 3 4

Present Income
Present Income

15,000 - 17,499 92 100.0 2 14 26 24 15 7 4 17,500 - over 62 100.0 3 12 9

Under $500.00
Under $500.00 I 1.6500 - 1,999 7 7.6 I I 4 I 500 - 1,999

2,000 - 3,999 10 10.9 3 4 2 I 2,000 - 3,999 3 4.8 I
I4,000 - 5,999 15 16.3 I 4 4 2 3 I 4,000 - 5,999 6 9.7 11126,000 - 8,999 II 12.0 2 5 4 6,000 - 8,999 3 4.8 2 I9,000 - 12,999 7 7.6 2 3 I

1 9,000 - 12,999 7 11.3 213113,000 - 17,999 13 14.1
1 2 5 2 3 13,000 - 17,999 2 3.218,000 - 23,999 6 6.5 I I 2 I I 18,000 - 23,999 4 6.5

I24,000 - 39,999 8 8.7
I 5 I

I 24,000 - 39,999 8 12.9
I 3 240,000 = & over 15 16.3 2 3 2 5 2 I 40,000 - & over 28 45.2
I 3 3

HOW MUCH LIFE INSURANCE DO YOU CARRY?
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Present Income

Present IncomeUnder $7,500 204 100.0 15 64 90 26 5 3 $7,500 - 9,999 509 100.0 17 120 230 96 36

1,000 - 5.000 10 4.9 4 3 3 1,000 - 5,000 17 3.3 I 5 7 3 I6,000 - 10,000 43 21.2 3 16 16 4 3 1 6,000 - 10,000 52 10.2 5 13 21 7 511,000 - 15,000 46 22.5 4 14 23 4 1 11,000 - 15,000 88 17.3 2 22 37 18 816,000 - 20,000 46 22.5 2 12 24 8 16,000 - 20,000 103 20.2 5 22 44 23 521,000 - 25,000 26 12.7 I 6 13 5 1 21,000 - 25,000 78 15.3 3 19 40 II 426,000 - 30,000 I7 8.3 7 5 4 1 26,000 - 30,000 69 13.6 I 16 33 14 431,000 - 40,000 II 5.4 5 5 31,000 - 40,000 63 12.4 12 31 13 641,000 - 50,000 4 2.0 I I I 1

51,000 - 75,000
76,000 - 99,000

41,000 - 50,000 25 4.9 7 13 4 1

51,000 - 75,000 10 20.0 4 3111
76,000 - 99,000 2 .4

1 I100,000 & over I 5
I 100,000 & over 2 .4

I
I

Present Income
Present Income

10,000 - 12,499 386 100.0 4 69 125 103 55 24 6 12,500 - 14,999 165 100.0 15 35 53 33

1,000 - 5,000 5 1.3 1 2 I
1 1,000 - 5,000 I .6 I6,000 - 10,000 12 3.1 3 4 3 I I 6,000 - 10,000 5 3.0 2 I 211,000 - 15,000 28 7.3 I 9 7 5 4 2 11,000 - 15,000 8 4.8 I 2 416,000 - 20,000 56 14.4 16 22 12 6 16,000 - 20,000 14 8.5 2 4 4 321,000 - 25,000 47 12.2 6 15 15 8 3 21,000 - 25,000 20 12.1 3 4 6 226,000 - 30,000 61 15.7 8 18 22 7 4 2 26,000 - 30,000 22 13.4 I 5 7 731,000 - 40,000 92 23.8 I 17 29 25 14 6 31,000 - 40,000 34 20.7 4 5 10 741,000 - 50,000 58 15.0 I 5 20 16 II 4 I 41,000 - 50,000 38 23.1 10 13 751,000 - 75,000 18 4.8 I 3 4 4 2 2 2 51,000 - 75,000 21 12.6 4 3 6 576,000 - 99,000 5 1.3 I 2 I 1 76,000 - 99,000

I .6100,000 & over 4 1.1 2 I I 100,000 & over
I .6

I

Present Income
Present Income

15,000 - 17,499 93 100.0 2 14 27 24 15 7 4 17,500 - over 60 100.0 3 12 10

1,000 - 5,000
1,000 - 5,000

I 1.76,000 - 10,000 2 2.2 1
1 6,000 - 10,000 2 3.3 I11,000 - 15,000 3 3.2

I I I 11,000 - 15,000
I 1.716,000 - 20,000 7 7.5 I 4 1

I 16,000 - 20,000 2 3.321,000 - 25,000 6 6.5 1112 I 21,000 - 25,000
I 1.726,000 - 30,000 II 11.8 I 2 4 3 I 26,000 - 30,000 I 1.731,000 - 40,000 14 15.0 I 5 3 4 1 31,000 - 40,000 7 11.7 3 141,000 - 50,000 13 13.9 4 3 I 3 I 3 2 41,000 - 50,000 12 19.9 3 351,000 - 75,000 21 22.6 4 6 5 4 I 2 51,000 - 75,000 II 18.4

I 4 276.000 - 99,000 5 5.5 I
1 2

1 76,000 - 99,000 3 5.0 I100,000 & over II 11.8
I 8 1 1 100,000 & over 19 31.6 I

I 4
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TODAY'S ELECTRONIC ENGINEER
TABLE B (Continued)

DOES YOUR COMPANY PROVIDE HEALTH BENEFITS?

Total

Less than
$10,000

$10,000
14.999

Approximate Value

$15,000 $20.000
j 19.999

I 24.999

of Home

$25,000
29,999

$30,000
39,999

$40.000
49.999

$50.000,

j & over,

Income today under $7,500 206 100.0 15 65 91 26 5 3 I

Co. provides health benefits 190 92.2 12 60 84 25 5 3 I

Co. doesn't provide health
benefits

16 7.8 3 5 7 I

Income today $7,500 - 9,999 510 100.0 17 120 231 95 36 10 I

Co. provides health benefits 483 94.7 15 115 218 93 32 9 1

Co. doesn't provide health
benefits

27 5.3 2 5 13 2 4 I

Income today $10,000 - 12,499 386 100.0 4 68 127 102 54 25 6

Co. provides health benefits 369 95.6 66 122 94 54 23 6

Co. doesn't provide health
benefits

17 4.4 2 5 8 2

Income today $12,500 - 14,999 173 100.0 16 37 54 36 25

Co. provides health bent:fits 168 97.1 16 37 51 35 25

Co. doesn't provide health
benefits

5 2.9 3 I 1

Income today $15,000 - 17,499 93 100.0 2 14 27 24 15 7 4

Co. provides health benefits 90 96.8 2 14 26 23 15 7 3

Co. doesn't provide health
benefits

3 3.2 I I

Income today $17,500 8 over 62 100.0 3 II 10 19 8 II

Co. provides health benefits 59 95.2 3 II 10 16 8 II

Co. doesn't provide health
benefits

3 4.8 3

DOES YOUR COMPANY PROVIDE A PENSION PLAN?

Income today under $7.500 205 100.0 15 65 91 25 5 3

Co. provides pension 166 81.0 10 51 76 20 5 3 1

Co. doesn't provide pension 39 19.0 5 14 15 5

Income today $7,500 - 9.999 508 100.0 17 120 229 95 36 10

Co. provides pension 431 84.8 15 103 200 74 32 6 1

Co. doesn't provide pension 77 15.2 2 17 29 21 4 4

income today $10,000 - 12.499 384 100.0 4 69 123 102 54 26 6

Co. provides pension 325 84.6 3 54 107 87 48 20 6

Co. doesn't provide pension 59 15.4 I 15 16 15 6 6

Income today $12,500 - 14,999 171 100.0 16 37 54 35 25 3 1

Co. provides pension 143 83.6 16 27 47 31 20 2

Co. doesn't provide pension 28 16.4 10 7 4 5 I

income today $15,000 - 17.499 92 100.0 2 14 27 24 15 7 3

CO. provides pension 67 72.8 2 13 20 16 12 3 I

Co. doesn't provide pension 25 27.2 7 8 3 4 2

Income today $17,500 8 over 58 100.0 3 10 9 18 8 10

Co. provides pension 43 74.1 2 9 7 10 7 8

Co. doesn't provide pension 15 25.9 I I 2 8 I 2

TABLE C

HAVE YOU ESTABLISHED YOUR OWN PRIVATE PENSION? DOES YOUR COMPANY PROVIDE HEALTH BENEFITS?

Company Provides

Total

Pension

Company Does Not
Provide Pension

Total

Company Provides Pension
Company Does Not
Provide Pension

LI5etal Total

1394 100.0 323 100.0 1611 100.0 342 100.0

A. Established Own 500 35.9 109 33.7 A. Provides Health 1577 97.9 273 79.8

Private Pension Benefits

B. Hasn't Estab-
lished Own Pen-
sion

894 64.1 214 66.3 B. Doesn't Provide
Health Benefits

34 . 2.1 69 20.2

Company Provides

Total

Pension

T %

1600 100.0

Under $500.00 184 11.5

500 - 1,999 459 28.7

2,000 - 3,999 315 19.7

4,000 - 5,999 214 13.4

6,000 - 8,999 126 7.9

9,000 - 12,999 93 5.8

13,000 - 17,999 74 4.6

18,000 - 23,999 45 2.8

24,000 - 39,999 31 1.9

40,000 & over 59 3.7

APPROXIMATE VALUE OF LIQUID ASSETS

Company Does Not
Provide Pension

, Total X

339 100.0

35 10.3

86 25.4
64 18.9

39 11.5

19 5.6

23 6.8

15 4.4

9 2.7

19 5.6

30 8.8 I

PRESENT INCOME

Company Provides Pension
Company Does Not
Provide Pension

Total Lotal % 1

1575 100.0 339 100.0

Under $5,000 2 .1 7 2.1

5,000 - 5,999 47 3.0 14 4.1

6,000 - 7,499 268 17.0 53 15.6

7,500 - 9,999 606 38.6 III 32.8

10,000 - 12,499 375 23.8 78 23.0

12,500 - 14,999 161 10.2 33 9.7

15,000 - 17,499 73 4.6 26 7.7

17,500 & over 43 2.7 17 5.0
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URBANA, ILLINOIS

LOS ANGELES, CALIFORNIA

at magnavox there's no getting lost in the crowd.
As an engineer in our government and industrial divisions, you

stand out as an individual with ideas. Ideas that we listen to.
Ideas that are put into motion. Ideas that step you ahead ... fast.
But while we gladly admit to NOT being a giant, neither do we

take a back seat to anyone in the kind of creative climate
we offer engineers. We are, in fact, currently engaged in a vast

number of highly specialized areas of electronic activity and our
customers rank among the principal names in business

and government both here and abroad.
At present, we need engineers to carry on expanding programs

in communications, airborne radar, missiles,
anti-submarine warfare systems and data processing

equipment. The projects we have on tap are broad and
challenging. The men we offer as your associates are

high caliber creative scientists like yourself. And
the technical facilities we provide are the

finest, most complete anywhere.

If you're a man who likes to accept challenge-and wants to be recognized for it-we'd be glad to hear from you.
Phone Dick Eary (collect, of course) at East brook 9721 in Fort Wayne or write him today for complete information.

MI g n cliArcpc.
MISSILES

COMMUNICATIONS I RADAR I DATA HANDLING I ASW

THE MAGANAVOX CO. DEPT. 20 3 Government and Industrial Division FORT WAYNE, IND.
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GROW WITH AIRESEARCH

IN ELECTRONICS

 AiResearch Central Air Data Computer for North American's ,1,if I's first
weapon system, provides information dealing with bombing, navigation, engine inlet
control, radar, automatic flight control and cockpit instrumentation.

Expansion in electronics and electromechanical activity is creating excellent
openings at all levels for qualified engineers. Diversified programs include
Central Air Data systems on the North American A3J, McDonnell
F -4H, and the Lockheed F-104, as well as other commercial and mili-
tary aircraft and missile projects.

Openings in the following areas:

 FLIGHT SYSTEMS RESEARCH General prob-
lems in motivation and navigation in
air and space; required background
in astronomy, physics, engineering.

 DATA SYSTEMS RESEARCH Experience with
physical measuring devices using
electromagnetic, atomic, thermionic
and mechanical approaches.

 CONTROLS ANALYSIS Work in preliminary
design stage involves servomecha-
nisms analysis and analog computer
techniques.

 FLIGHT DATA COMPONENTS Analysis pro-
posal, design and development work
in the following specialties: circuit
analysis, servo theory, transducers,
transistors, airborne instrument and
analog development of high and low
temperature problems.

THE

 ELECTROMAGNETIC DEVELOPMENT Work with
magnetic amplifiers requires knowl-
edge of electromagnetic theory, mate-
rials and design methods.

 INSTRUMENT DESIGN Electromechanical
design of force -balance instruments,
pressure measuring devices, precision
gear trains and servo -driven position-
ing devices. Experience in electrical
and electromagnetic transducers
desirable.

 AIRBORNE INSTRUMENTATION ANALYSIS
AND DESIGN Work involves solving
problems in accuracy, response and
environmental effects.

Send resume to:
Mr. R. H. Horst

CORPORATION

AiResearch Manufacturing Division

9851 SO. SEPULVEDA BLVD., LOS ANGELES 45. CALIFORNIA

Why Do Teachers Quit?
Money-more of it-so says a

report on faculty loss to industry
published in the Journal of Engi-
neering Education, American Se-
ciety for Engineering Education.
The report was prepared by A. R.
Hellwarth, Assistant Dean, Univ.
of Michigan College of Engineer-
ing.

Other reasons include dissatis-
faction with teaching loads, admin-
istrative details, and relations with
college and administration. But
the deciding factor in their moves
was income and fringe benefits said
116 out of 235 former teachers
queried.

Annual salaries of the 235 aver-
aged $5,800 ($7,600 with "extra"
income included). During their
first year in industry they aver-
aged $9,800.

Asked to name two advantages in
industrial employment, 37% cited
"salary and money factors" while
50% mentioned "work or working
conditions."

Asked for the advantages of
teaching, they replied, "satisfaction
of teaching and the feeling that
one is doing something of value to
the society he serves." Also ranking
high were "academic freedoms and
time freedoms as well as the en-
vironment of the campus." Many
hoped to eventually return to
teaching "when I can afford to
return."

New College on L.I.
The Polytechnic Institute of

Brooklyn is establishing the first
graduate engineering school in
Farmingdale, L. I. The school will
be erected on 25 acres of land
donated by Republic Aviation Corp.

The curricula will be restricted
to graduate study with full-time
and part-time programs leading to
master's and doctor's degrees in
aeronautical, electrical and mechan-
ical engineering, and in physics
and mathematics. Present plans
are for approximately 1,000 stu-
dents.

Among the major research proj-
ects to be conducted at the new
center are studies in high -power
microwaves and warm plasmas.
Warm plasmas are ionized gases
ranging from 10,000 to 100,000°F.
Both studies will be made under
$800,000 Air Force contracts. The
Research and Development Facili-
ties of Republic will be available
to augment Polytechnic's research
facilities.
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Report Cautions-No
Panacea for LaborTurnover

A company that is looking for a
blue print to follow in reducing
its labor turnover rate is "doomed
to disappointment." So says Dr.
Frederick J. Gaudet, Director of
the Laboratory of Psychological
Studies at Stevens Institute of
Technology, Hoboken, N. J., in a
recent research study. The study,
"AMA Research Report No. 39, is
entitled "Labor Turnover; Calcu-
lation and Cost."

Techniques for reducing labor
turnover that have been reported
as successful in one company al-
most invariably will be reported as
failures in another company, and
the findings of one researcher will
often contradict the findings of
another.

Some devices have reduced turn-
over in enough cases to warrant
close study. Among them are: se-
lection devices such as the weighted
application form and psychological
testing; on-the-job methods such
as better training techniques and
more effective communication, and
devices aimed at finding out why
employees leave the company. A
relatively new technique he men-
tions that has produced significant
information about why workers
quit is the "post -terminal" inter-
view. Workers who have been
separated are asked on a question-
naire to state again their reasons
for leaving. The reasons given are
often quite different from the rea-
sons given at the "exit" interview.

New Industry Center
A multi -million -dollar scientific

industry center is to be built in
suburban Minneapolis. Options
have been secured on a 200 acre
tract by International Properties,
Inc., a Twin Cities real estate firm.
The development will house elec-
tronic manufacturing firms and
firms with related technological
interests.

The site will be patterned after
Stanford Industrial Park, develop-
ed by Stanford University, in Palo
Alto, Calif. Stanford officials have
been approached to serve as con-
sultants in the advanced stages of
development.

FOR MORE INFORMATION . . .

on positions described in this
section fill out the convenient
inquiry card. page 250.

ENGINEERS:

FACTS

WITHOUT

FRI LLS
About Job Potentials

at Light Military
Available to You Now!
Prepared for the engineer who likes to get
right down to basics in evaluating a position,
LMED's Fact Sheets bring you clearly pre-
sented up-to-date unvarnished information
about all the aspects of company policies,
projects and plans related to your pro-
fessional future here.

PARTIAL
CONTENTS

Organization

Size of Staff

Resources

Facilities List

Technical Scope
(list of projects)

Internal Communications
and Support

Benefits (detailed)

Salary Scale

Specific Responsi-
bilities of D&D Engineer

Promotion Plan

Graduate Program

In -Plant Courses

Contacts with Other
G.E. Components

L

WHETHER OR NOT YOU CON-
TEMPLATE AN IMMEDIATE

CHANGE, these "Engineering Fact
Sheets" are a valuable thing to
have. Use them as a yardstick to
assess your present - or a possible
future - association.

Next to your choice of profession,
and your choice of a wife- selecting
a position with long-range career
implications can be the most impor-
tant decision in your life ...

It's A Good Thing To Have Reliable
Tools On Hand, To Help Make That
Choice a Sound One!

SEND FOR THESE
"ENGINEERING FACT SHEETS"

Mr. R. Bach / Light Military Electronics Department /
General Electric Company / French Road, Utica, New York.

Please send me a set of your "ENGINEERING FACT SHEETS."

NAME

HOME ADDRESS

CITY ZONE STATF

YEAR(S)
DEGREE(S) RECEIVED

LM E ICIO 
LIGHT MILITARY ELECTRONICS DEPARTMENT

GENERAL ELECTRIC
FRENCH ROAD, UTICA, NEW YORK

24 -MC
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ENGINEERS
-who want to reach the top

and are willing to WORK for it!
You'll find plenty of room for growth at the Philco TechRep Division.
Our engineers, on assignment throughout the free world, are largely
on their own in responsible positions involving field servicing and
instruction on all types of electronic equipment and systems, as well
as researching . . . engineering . . . designing and performing
modifications of global communications systems, world-wide radar
defense networks, and missile systems and components.

Our far-flung program assures ground -floor opportunities for elec-
tronic engineers seeking the stimulating diversification of field engi-
neering, and guarantees your choice of work location and field of
interest, as well as providing:

 Constant Career Guidance
 Top Compensation
 Liberal Employee Benefits

If you'd like to join our fine TechRep team, write today for an inter-
view in your city and a copy of our full color booklet - "PHILCO
. . . FIRST In Employment Opportunities". Address inquiries to
Mr. C. F. Graebe, Personnel Manager, Dept. A.2.

PHILCO
TECHREP DIVISION

Box 4730

Philadelphia 34, Pa.

News of Reps
REPS WANTED

Manufacturer of perforated tape
readers is seeking representation in
the Chicago area and the Washington -
Baltimore and Florida area. Write to
Digitronics Corp., Box 417, Albert-
son, New York.

Waveline, Inc., Caldwell, N. J., is
looking for reps in Illinois, Indiana,
Missouri, and Kansas. The company
manufactures microwave test equip-
ment, precision instruments, and cus-
tom waveguide assemblies.

Manufacturer of servo amplifiers
for the instrument, automation, and
military fields is looking for reps in
Northern California, Southern Cali-
fornia, Florida, and Massachusetts.
Control Technology Co., 1186 Broad-
way, New York, N. Y.

Environmental testing laboratory
and equipment manufacturer desires
reps selling to O.E.M. of electronic,
mechanical and electro-mechanical
components and systems. Associated
Testing Laboratories, Inc., Clinton
Road, Caldwell, N. J.

NEW OFFICERS

New officers of Electronic Representatives
Assoc., New York Chapter are: (I to r)
W. Shulan, Wally Shulan & Co.-Secretary
Treasurer; R. A. Stang, Stang Sales Corp.-
President; J. Hunter, Hunter Cr Salsbury, Inc.
-1st Vice Pres.; L. Rocke, The New Hope
Corp. -2nd Vice Pres.

The Electronic Representatives As-
sociation (ERA) has scheduled a
seminar for the morning of March 23,
1960, during the IRE Show in New
York. Manufacturers and reps will
discuss advertising and sales promo-
tion. The session will be held at the
Park -Sheraton Hotel.

Charles E. Babcock has formed a
rep company in the electronics field.
Headquarters is at 430 Huntington
Drive, Wayne, Pa. The firm will rep-
resent Hickok Electrical Instrument
Co.

Frank J. Campisano and James W.
Murray, reps in Southern Ohio, South-
ern Indiana and Kentucky have
opened a new office in the Bel Rue
Crest Center Bldg., at Race Rd. and
Harrison Ave., Cin.
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New Data
Processing Center

The first full -range electronic data
processing center to serve all types of
firms in New York's financial and
business community has been opened
by the Radio Corp. of America. John
L. Burns, president, officiated at the
opening of the new $4.5 million Elec-
tronic Systems Center. Photo shows
view of control room where two type
501 computers are installed. Brokers
were informed that cost of using cen-

ter would range from $0.50 to $1.50
per trade in most cases a savings of
up to 50%. The 501s are 98% RCA
manufactured.

A similar center is under installa-
tion in Washington DC with three

(Continued on page 320)

AVAILABLE

424
Industrial Sites

in

Minnesotc

?/12e112 -page Book
filled with photos and facts about latest in-
dustrial data on 123 Minnesota cities, their
available sites, and names of local contact.
A gold -mine of site -finding facts! For your
copy of "Minnesota Welcomes New In-
dustry,- write on your firm's letterhead:

Dept. of Business Development, State Capitol,
Dept. 458; St. Paul I,

Minnesota

YOUR CAREER!
Does it still hold its stimulating challenge? Are all of your abilities
being utilized? Have you gone far enough, fast enough?

Today, Motorola's rapid expansion in the Chicago area has
created an immediate need for experienced engineering talent.
Never before have secure career opportunities been more abundant,
challenging and rewarding-in a wide selection of electronic fields.

A picture -packed 36 page booklet is waiting for you. It details
the work, the people, the living at Motorola. If you are sincerely
seeking broader career opportunities and responsibilities, inves-
tigate Motorola immediately.

 Radar transmitters and receivers
 Radar circuit design
 Electronic countermeasure systems
 Military communications equipment design
 Pulse circuit design
 IF strip design
 Device using kylstrom, traveling wave tube

and backward wave oscillator
 Display and storage devices

2 -WAY RADIO COMMUNICATIONS
 VHF & UHF receiver
 Transmitter design and development
 Power supply
 Systems engineering
 Antenna design
 Selective signaling

 Transistor applications
 Crystal engineering
 Sales engineering

 Design of VHF & UHF FM communications
in portable or subminiature development

 Microwave field engineers
 Transistor switching circuit design
 Logic circuit design
 T.V. circuit design engineering
 Home radio design
 New product design
 Auto radio design
 Mechanical engineering
 Semi -conductor device development
 Semi -conductor application work

Also Splendid Opportunities In:
Phoenix, Arizona and Riverside, California

Send Complete Resume to:
MR. L. B. WRENN
Engineering Personnel Mgr. wain
Dept. C All Qualified

4501 Augusta Blvd. o, plicant;

Chicago 51, Illinois

MOTOROLA Inc.

*
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some straight talk

to engineers aiming

at management

Opportunities to demonstrate manage-
ment ability on a significant scale are
often hard to locate.

However, engineers looking toward
engineering management goals will find
unusual potentialities for attaining
their career goals at G.E.'s Defense
Systems Department, since Military
Systems Programs are a prime function
of this operation.

A number of programs are now
being initiated. If you are technically
qualified to pull your weight on assign-
ments in Systems Engineering, you can
move ahead into management func-
tions as your program advances.

These stepping -stone assignments
require the exercise of technical lead-
ership from proposal effort and deter-
mination of basic system design cri-
teria, through delivery of equipment.

The work progresses into supervision
of system modification, establishment
of system test criteria, and plans and
schedules for equipment and sub -sys-
tem design work to be performed. (No
equipment design or fabrication is car-
ried on at DSD.) As your technical
management abilities are demonstrated,
large areas of additional responsibility
will be delegated.

Immediate Openings In:
Systems Program Engineering
Systems Test  Systems Synthesis
Systems Logistics
Systems Maintenance
Guidance Equations
Inertial Guidance & Navigation
Radio Guidance
Information Theory & Noise
Space Physics
Operations Analysis
Engineering Writing

Please forward your resume in con-
fidence, including salary requirement

to Mr. E. A. Smith,
Box 3-D.

DSD
DEFENSE SYSTEMS DEPARTMENT

A Department of the Defense Electronics Division

GENERAL ELECTRIC
300 South Geddes St., Syracuse, N. Y.

11111611114101011111111111111111111111111111114
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others planned for completion by
year's end.

In ultimate operation center input
data will be transmitted by wire from
the client and will be reproduced on
perforated tape. This input or input
from punched cards will be converted
to magnetic tape for the computers.
Output will be in form of punched
cards, paper tape, or printed reports
using RCA's 600 -line -per -minute
printer. New Electronic Systems Cen-
ter will be staffed by 90 planners,
programmers, operators, and mainte-
nance personnel.

* *

TEST SPACE INSTRUMENTS

A biomedical instrumentation system design-
ed to flash the physical and emotional reac-
tions of spacemen back to earth is tested
in this racing car at Riverside, Calif. System
was developed by Norair Div., Northrop Corp.
Hawthorne, California. Northrop Corp's space
capsule mock-up is in the background.

c Engineers and Scientists .

80
80 leading employers
invite you to visit the

Career Center
During the I. R. E. Show
in the Henry Hudson Hotel

358 West 58th St.
Entrance is UST ACROSS THE
STREET FROM THE COLISEUM!

Come Many time, any day -9 A. M. to 9P. M., March 21-24

FREE CAREER CENTER SERVICES

Browse through current openings
listed by 80 top employers

 Talk to employer representatives on
the spot-find out first hand what's
happening in the field

 Full floor of private interview rooms --
interviews arranged by appointment

 Enroll in the National Manpower Reg-
ister, the confidential IBM -file through
which your qualifications, but not your
name, are released for continued
study by employers after the show

 Watch for special Career buses be-
tween the Waldorf-Astoria and the
Coliseum

If you can't attend, write for free copy
of CAREER - 124 pages of current job
leads from the 80 employers cooperat-
ing in the Center. Write: CAREERS INC.,
15 West 45th St., New York City 36.

SPECIAL I. R. E. SHOW Career Center
Henry Hudson Hotel, East Room

358 West 58th Street

Circle 511 on "Opportunities" Inquiry Card

LEADERSHIP
OPPORTUNITIES

WITH GATES
Gates Radio is currently seeking
engineers in various skill areas,
including transistor circuitry,
electro-mechanical, RF networks,
audio systems, transmitters for
AM, FM and TV broadcasting
and communications transmit-
ters-LF, MF, VHF and UHF.
Organized in 1922, Gates is one
of the nation's pioneer manufac-
turers of electronic equipment,
with operations in military and
industrial electronics, broadcast-
ing and communications. A few
diversified projects would in-
clude the design and develop.
ment of UDOP and DOVAP
systems for measuring the veloc-
ity and position of guided
missiles, homing beacon trans-
mitters for the Navy, missile
range intercommunication sys-
tems, and multiple geophysical
amplifiers used in oil field ex-
plorations. Gates is also the na-
tion's leading designer and
manufacturer of AM and FM
broadcast equipment.
Gates, in Quincy, Illinois, gives
you the unharried and unhurried
living of a small town with big
city nearness . . . an ideal place
to rear a family and live the
good life. It may be just what
you've been searching for. If so,
write to Rog Veach, our person-
nel director for an interview.
That's Box 290, Gates Radio
Company, Quincy, Illinois.

Circle 514 on "Opportunities" Inquiry Card
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News of Reps
New officers for 1960 have been

elected by the Northern California
Chapter of Electronic Representatives
Assoc. Frank Lebell is President,
Willard M. Nott, Vice -President, Ed
W. Brandt, Secretary, and William A.
Melchior, Treasurer.

Dallons Semiconductors, Div. of
Dallons Laboratories, Inc., has ap-
pointed the Robert B. Hatch Co.,
Needham Heights, Mass., as sales rep
in the New England States; Pacent
Engineering Corp.. Great Neck, N. Y.,
as rep in Metropolitan New York and
New Jersey; the Allen Nace Co.,
Brecksville, Ohio, for Ohio, West Vir-
ginia and West e r n Pennsylvania;
Gray & Hill, Inc.. of Oak Park, Ill.,
in Northern Illinois and the eastern
portion of Wisconsin; the William J.
Purdy Co., San Francisco, in Northern
California; the C. R. Lynch & Son Co.,
Los Angeles, in Southern California
and Arizona; and the Richard Legg
Co., Portland, in Oregon, Washington,
Idaho, Montana and Alaska.

Clarostat Mfg. Co. has announced
the following sales rep appointments:
Maury E. Bettis Co., Kansas City,
Mo., in Kansas, Nebraska, Iowa, Mis-
souri, and a portion of Southern Illi-
nois, and John 0. Olsen Co.'s terri-
tory extended to include Western
Pennsylvania and West Virginia.

James J. Farley has been named
sales rep by Synthane Corp. He will
cover Maryland, Virginia, portions of
West Virginia, and the northern por-
tion of North Carolina.

John P. Shipley will now serve as
sales rep in the Michigan area for
the Broadcast and Television Equip-
ment Div., Radio Corp. of America.

Computer Systems, Inc., has ap-
pointed Robert Graanstra, I.R.C.A.,
Voorburg, Holland, as European sales
rep. He will cover the Netherlands,
Belgium and Luxembourg.

Fred B. Hill Co., Minneapolis, Minn.,
is now sales rep in North and South
Dakota, Minnesota, and Western Wis-
consin, for the Data Equipment Div.
of Telemeter Magnetics.

Wells Electronics Co. has named
these sales reps: The Robison Co.,
Torrance, Calif., in Southern Califor-
nia; and Herb Mandell Co., Revere,
Mass., in New England.

Tensolite Insulated Wire Co., Inc.,
Tarrytown, N. Y., recently named
C.F.L. Corp., Denver, Colo., as reg-
ional rep in Colorado, Wyoming,
Utah, New Mexico, Western Ne-
braska, Southern Idaho, and El Paso
County, Tex.

in ADVANCED ELECTRONICS
Thinking is oriented toward the new, the bold and the pro-
vocative concepts in astrionic and avionic systems and
equipments at Republic Aviation where a comprehensive
program of research and development is in progress in all
phases of space exploration and upper atmosphere flight.

Projects spanning the entire electronics technology are
aimed at developing highly specialized electronic systems
for spacecraft, missiles and advanced aircraft.

Openings at all levels (including top-level supervisory) in
nearly every area of Electronics related to Advanced Flight
and Weapons Technolot,ry: NAVIGATION & GUIDANCE
SYSTEMS / RADAR SYSTEMS / INFORMATION THEORY
/ RADIO ASTRONOMY / SOLID STATE & THERMIONIC
DEVICES / MICROWAVE CIRCUITRY & COMPONENTS /

COUNTERMEASURES / DIGITAL COMPUTER DEVEL-
OPMENT / RADOME & ANTENNA DESIGN /
MINIATURIZATION-TRANSISTORIZATION / RADIATION
& PROPAGATION (RF, IR, UV) / TELEMETRY-SSB
TECHNIQUE / RECEIVER & TRANSMITTER DESIGN

DURING IRE INTERNATIONAL CONVENTION

New York City - March 21 to 24

EMPLOYMENT INTERVIEWS

Contact Mr. George R. Hickman

at the CONVENTION HOTEL

Forward resume in confidence to:
Mr. George R. Hickman,
Engineering Employment Manager, Dept. 13C

REPh.
,tle,

800ttf

C011s
N. y

at th
'11Y18/T,.eco4

IiIIEM5MIIC 1/./11711115PA1
FARMINGDALE, LONG ISLAND, NEW YORK
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IN LESS THAN
4 SECONDS

FROM THIS

TO THIS

OR THIS

WITH THE REVOLUTIONARY
PRODUCTION AID TOOL!

"PIG -TAILOR"®

Foot operated
No accessories
3 minute set up $125.00

"PIG -TAILORING"
a revolutionary new mechanical process for
higher production at lower costs. Fastest
PREPARATION and ASSEMBLY of Resistors,
Capacitors, Diodes and all other axial lead
components for TERMINAL BOARDS, PRINTED
CIRCUITS and MINIATURIZED ASSEMBLIES.

PIG -TAILORING eliminates: Diagonal cutters
Long nose pliers  Operator judgment  90%

operator training time Broken components
Broken leads Short circuits from clippings
65% chassis handling Excessive lead tautness
 Haphazard assembly methods.

IG-TAILORING provides:  Uniform component
position  Uniform marking exposure Minia-
turization spacing control "S" leads for termi-
nals  "U" leads for printed circuits  Individual
cut and bend lengths  Better time/rate analysis
 Closer cost control  Invaluable labor saving

Immediate cost recovery.

Pays for itself in 2 weeks

"SPIN -PIN"®
Close-up views of
"SPIN -PIN- illustrate
fast assembly of
tailored -lead wire to

terminal.

 No Training
 No Pliers
 No Clippings

Uniform Crimps
22 Sizes

PAYS FOR ITSELF
THE FIRST DAY!

$500
EACH

Write for illustrated book to Dept. EI-3

BRUNO-NEW YORK INDUSTRIES CORP.
DESIGNERS & MANUFACTURERS OF ELECTRONIC EQUIPMENT

460 WEST 34th STREET NEW YORK 1, N. Y.

News of Reps

Waltham Precision Instrument Co.
has appointed R. C. Dudek & Co.,
Beverly Hills, Calif., as rep in Cali-
fornia and Arizona.

John Mustico, Havertown, Pa., is
now sales rep for Entron, Inc., in
Southern New Jersey, Virginia, Mary-
land, Eastern Pennsylvania, Delaware
and Washington, D. C.

Philip Goodrich and Eric Ward have
been promoted to Field Engineer at
Neely Enterprises, Los Angeles.

Robert L. Lang and Assoc. is now
rep for Systron Corp. in Indiana, Illi-
nois, Wisconsin and Eastern Iowa.

Electronic Instrument Co., Inc., has
appointed Roburn Agencies, Inc., New
York, N. Y., as export rep.

The Government & Industrial Div.,
Philco Corp., has appointed Western
Scientific Contracting Corp., Redwood
City, Calif. as rep throughout north-
ern and central California and Ne-
vada.

The Electric Regulator Corp., Nor-
walk, Conn., has appointed four new
sales reps: Glenn M. Hathaway Elec-
tronics, Cambridge, Mass., will cover
the New England states; The Ellis -

Haber Corp., Great Neck, L. I., N. Y.,
will cover the Greater New York Met-
ropolitan area including Northern
New Jersey; Northport Engineering,
Inc., St. Paul, Minn. will cover west-
ern Wisconsin, Minnesota, North and
South Dakota; and Engineering Ser-
vices, Inc., St. Louis, Mo., will cover
Southern Illinois, Missouri, Iowa,
Kansas and Nebraska.

Roland Olander and Co., Los An-
geles, is now rep in the Southern Cal-
ifornia, Clark County, Nevada, area
for General Measurements Co., Inc.

Essex Electronics, Div. of Nytron-
ics, Inc., has appointed Engineering
Services Co., Kansas City, Mo., as rep
in Nebraska, Kansas, Missouri, Iowa
and Southern Illinois.

Associated Testing Labs., Inc., has
appointed A R C 0 Engineering Co.,
Washington, D. C., as rep to the U. S.
Government.

The Parker Seal Co., has appointed
Albert Wickson, Newton Center,
Mass., as rep in Maine, New Hamp-
shire, Vermont, Massachusetts, and
Rhode Island.

Trio Laboratories, Inc., has ap-
pointed Comptronics, Seattle, Wash.,
as rep in the Pacific Northwestern
area.

SCIENTISTS ENGINEERS

stretch your imagination
 at Beckman Instruments, last refuge of the Non -Organization Man.

Here's a company that is concerned with the man, his mind and his
original contributions.
Commercial, industrial and military projects tickle the fancy of uncon-
strained intellects at these Beckman Divisions:

Scientific and Process Instruments Division
Systems Division

Helipot Division

Don't get crushed in the Organization Mill...look into these imagi-
nation stretching positions ...

Beckman®

ENGINEERS/SCIENTISTS ...
at all levels in the fields of precision electronic components and ana-
lytical instrumentation for engineers and scientists with degrees in
engineering or physical science. Some of our specific needs include
project engineers, senior scientists or engineers, product engineers
and senior electronic engineers. We also have openings for exceptional
recent graduates.
And you can stretch your legs in Orange County, too, where you and
your family will enjoy Southern California living at its barbecuing
best.

Overcome your own organizational Inertia... phone, wire or write
Mr. T. P. Williams for all the parameters.
Beckman Instruments, Inc. Fullerton, California
Telephone TRojan 1-4848; from Los Angeles OWen 7-1771, © 1960

Circle 388 on Inquiry Card
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Industry
News

Col. Morris E. Galusha has been
named Deputy Commander of the
U. S. Army Signal Intelligence
Agency of Arlington Hall Station,
Virginia.

George E. Stoll and A. P. Fontaine
have been elected Executive Vice -
Presidents of the Bendix Aviation
Corp. and Dr. Albert A. Canfield has
been appointed Director of University
and Scientific Relations. Their offices
will be in Detroit, Mich.

Jackson S. Kolp is now Product
Line Manager-germanium switching
transistors-for the Semiconductor
Div. of Sylvania Electric Products Inc.

Sierra Electronic Corp., Menlo,
Calif., a division of Philco Corp. has
appointed H. D. Farnsworth as Man-
ager of Product Planning and San-
ford K. Ashby as Sales Engineer.

Lawrence DeGeorge has been
named operating head of Times Wire
and Cable Co., Wallingford, Conn., an
affiliate of International Silver Com-
pany. He succeeds Sidney Gulden
who is retiring.

Richard H. Griebel has been ap-
pointed Vice -President and General
Manager of Kellogg Switchboard and
Supply Co., Chicago, Ill., Communica-
tions Div. of International Telephone
& Telegraph Corp.

John J. McDonald and Linden G.
Criddle have been elected Vice -Presi-
dents of Consolidated Systems Corp.,
a wholly owned subsidiary of Con-
solidated Electrodynamics Corp.,
Pasadena, Calif.

C. Robert Paulson is the new Man-
ager of the Professional Audio Prod-
ucts Div., Ampex Professional Prod-
ucts Co., div. of Ampex Corp.,
Redwood City, Calif.

Charles W. Chase has been ap-
pointed Product Planning Manager,
Electronics, in the Tapco Group of
Thompson Ramo Wooldridge Inc.,
Cleveland, Ohio.

Dr. Leland G. Cole is now Vice -
President -Research for Beckman In-
struments, Inc., Fullerton, Calif.

Thomas W. Waldrop has joined
Daystrom, Inc., Control Systems Div.,
La Jolla, Calif., as Systems Coordi-
nator.

The election of William S. Ivans,
Jr. and Robert E. McDowall as Di-
rectors of Cohu Electronics, San
Diego, Calif., has been announced.

George M. Arisman, Jr., has as-
sumed the Office of Vice President at
Aerovox Corp., Bedford, Mass.

WANTED:

REWARD:

CHIEF ENGINEER
PROJECT ENGINEER

EXCITING CHALLENGE
UNUSUAL COMPENSATION

Hill Electronics offers exciting challenge and un-
usual reward to a chief engineer, and an elec-
tronic engineer, with a high degree of ability,
vision and energy. They will be responsible for
maintaining and furthering the leadership of this
fast-growing company in development of striking
and worthwhile innovations in crystal, filter, fre-
quency source and related fields. Their reward
will be an unusual and highly profitable method
of compensation ... good life in the picturesque
countryside of south central Pennsylvania ... a
wealth of cultural and recreational activities ...
excellent neighborhoods, schools and shopping
facilities. If you are interested in these opportu-
nities, please send your resume to:

B. C. Hill, Jr. - President
Hill Electronics, Inc. Mechanicsburg, Pa.

Circle 513 on "Opportunities" Inquiry Card

VIBRATION

111111111111111111111111111111111111

Analysis problems on precision mechanisms used in stable
platforms have created staff openings with the outstanding
Inertial Guidance group in the country. Address your letter
to Mr. C. T. Petrie, Manager, Research & Engineering Staff.

ERLITTON INDUSTRIES Electronic Equipments Division
Beverly Hills, California
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KAY KAY

KAY
Yari-Sweep

MODEL 400
Cat. No. 867-A

WIDER RANGE, ALL -ELECTRONIC SWEEPING OSCILLATOR, OR

(with sweep off) CONTINUOUSLY TUNED CW SIGNAL SOURCE
The new Kay Vari-Sweep Model 400 is a highly versatile laboratory sweeping oscillator
and signal source. Its wider range of continuous frequency coverage is combined with
accuracy and performance standards previously associated with limited, fixed -frequency -band
sweeping oscillators. The high rf output is held constant over the range by a fast acting
AGC circuit. A variable sweep rate down to 10 cps permits checking of high -Q circuits.

SPECIFICATIONS
Freq. Range (CW or Sweeping): Fundamen-
tal frequency, 15 470 mc, cont. variable in 10
switched overlapping bands. Direct -reading
frequency dial.
Sweep Width: 60% of center freq. to 50 mc;
at least 30 mc max 50-400 mc; approx. 20
mc max above 400 mc.
Sweep Rate: Cont. variable, 10-40 cps; locks
to line freq.
RF Output 1.0 V rms (metered) into nom 70
ohms (50 ohms on request) to 220 mc; 0.5 V
rms to 470 mc AGC'd constant over widest

See Us
At the IRE Show

100Booths
Dept. E1-3 Maple Avenue Pine Brook, N. J. CApitol 6-4000 43512, 14, 16, 18

<wagons.= KAY

sweep and entire range to ±0.5 db.
Attenuators: Switched 20, 20, 10, 6 & 3 db
plus cont. variable 6 db.
Sweep Output: Reg. sawtooth in sync with
oscillator. Amplitude 7.0 V approx.
Power Supply: Input approx. 100 watts,
117-V (+10%) 50-60 cps 8+ electronically
regulated.
Dimensions: 91/2" x 191/2" x 13".

Weight: 34 lbs.
Price: $850.00 f.o.b. factory.

Write for new Kay Catalog

4

KAY

WSW ELECTRIC COMPANY

Circle 389 on Inquiry Card

Silicon Rectifiers
by S OiV
Glass Compressed
Seal

Weld

Stud
Base

High Strength
Steel Threads

Weld

Flexible
Lead

Solder

Silicon
Disk

SYNTRON'S exclusive all STEEL
assembly-high tensile strength

100% welded construction
100 inch pound mounting torque for maximum heat transfer-

less corrosion-greater reliability-better contact. Mechani-
cally and electrically superior.

Write for information and specifications

SYNTRON RECTIFIER DIVISION
SUBSIDIARY OF LINK -BELT COMPANY

263 Lexington Ave. Homer City, Penna.

Sales Engineers in: New York, Chicago, Cleveland, Los Angeles and Canada

Industry
News

Two new Department Managers
have been appointed by Interconti-
nental Electronics Corp., Mineola,
N. Y. Named were: William R.
Stanton, Aircraft Instruments, and
James Y. Nishimura, Community An-
tenna TV Systems and Components.

William F. Boyd, formerly Vice -
President of International Telephone
& Telegraph Co., has been appointed
General Manager of the Airtron Div.,
Litton Industries, Morris Plains, N. J.

W. F. Boyd H. W. Pope

Harold W. Pope has been appointed
to the newly created position of Cor-
porate Vice -President of Sanders As-

Inc., Nashua, N. H.

Dr. M. John Rice, Jr., has been ap-
pointed Manager of Semiconductor
Material Engineering for CBS Elec-
tronics, Manufacturing Div. of Colum-
bia Broadcasting Systems, Inc., Dan-
vers, Mass.

C. Carver Pope has been elected to
the newly created position of Vice
President -personnel at Clevite Corp..
Cleveland, Ohio.

Charles J. Chapman will now serve
as Vice President, Marketing for Na-
tional Carbon Co., div Union Carbide
Corp.

Continental -Diamond Fibre Corp., a
subsidiary of The Budd Co., has ap-
pointed two men to direct its newly
completed Research and Development
Center in Newark, Del. The appoint-
ments are: Dr. W. M. Lair, Director
of Research Development and A. H.
Haroldson, Assoc. Director of Re-
search and Development.

Two Philco Research Div. execs
have been promoted. Allen C. Mun-
ster is now Director of Research,
Plans and Programs. Lawton M.
Hartman, formerly Manager of Spe-
cial Projects for Government and In-
dustrial Research is Manager, Tech-
nical Planning for the Research Div.

James R. Linicome has been ap-
pointed to the newly created position
of Manager of Program Planning for
Motorola's Chicago Military Elec-
tronics Center.
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THESE RUGGED JOHNSON

VARIABLES WITHSTAND TERRIFIC

VIBRATION and SHOCK!

Parts can't break loose...
capacity can't fluctuate!
Set your frequency . . these tough
Johnson "L" variables will hold
it-even under severe conditions
of shock and vibration! Designed
to provide outstanding strength,
rigidity and operating stability
-rotor bearings and stator sup-
port rods are actually soldered
directly to the heavy 3/16" thick steatite ceramic
end frames. Parts can't break loose ... capacity can't
fluctuate!

Specially designed split -sleeve tension bearing and
silver-plated beryllium copper contact provide con-
stant torque and smooth capacity variation. Plating
is heavy nickel-plate spacing .020", .060" and .080"
spacing as well as special platings, shaft lengths and
terminal locations in production quantities.

for greater
strength!

A complete variable
capacitor line ... from
tiny sub -miniatures to
large heavy duty types!
From the tiny Type "U" sub -miniature,
which requires less than 0.2 sq. in. for
chassis or panel mounting-to the
rugged heavy-duty "C" and "D" types

. the Johnson variable capacitor
line is designed for more capacity in
less space-offers you one of the
widest standard capacitor lines in the
industry! For detailed specifications
on all Johnson variable capacitors,
write for your free copy of our newest
components catalog, described below.

Write today for our newest electronic
components catalog-complete specifications,
engineering prints and current prices on,

MAJOR
COMPONENT
LINES

*NMI
 CAPACITORS  TUBE SOCKETS CONNECTORS PILOT LIGHTS
 INSULATORS KNOBS, DIALS INDUCTORS HARDWARE

201 4 Second Avenue S.W. Waseca, Minnesota

Circle 391 on Inquiry Card
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NOW!
L A R E

a New Concept
in

Relay Design
The new CLAREED Sealed Contact
Reed Relay effectively eliminates
contact contamination. With its
contacts hermetically sealed in con-
taminant -free inert gas, this new
design assures millions of perfect
operations. Hundreds of millions
are possible when operated at up to
M rated contact load.

CLAREED relays are ideal compo-
nents for transistor -drive applica-
tions and for use in computers and
data-processing equipment. Their
low inductance, and the low induc-
tance change in the operating coil
at each operation, limits the tran-
sients produced.

Important features of CLAREED
relays are their simplicity and flexi-
bility. They may be mounted to
meet the requirements of almost
any application and environmental
condition, even on your own printed
circuit board-to comply with your
mechanical design configuration.

E

Switch capsule consists
of a pair of magnetically
operated contacts, her-
metically sealed in an at-
mosphere of inert gas.

PACKAGED TO MEET your REQUIREMENTS

CLAREED relays are as
flexible as your applica-
tion requires. Additional
information may be ob-
tained from C. P. Clare
& Co., 3101 Pratt Blvd.,
Chicago 45, Illinois. In
Canada: C. P. Clare
Canada Limited, Box
134, Downsview, On-
tario. Cable Address:
CLARELAY. Send for Bul-
letin CPC 5.

Ten CLAREED switches,
mounted in line on a printed
circuit board with five
magnetic coils. This
assembly can then be en-
closed in the flat, rec-
tangular container or it may
be coated with "Skin -Pack,"
a tough vinyl plastic, and
mounted directly into your
equipment.

Six CLAREEDswitches
clustered for
mounting in a
single tube
container.

FIRST in the industrial field

SEE IT AT THE IRE SHOW
BOOTH NOS. 2218 & 2220

New York Coliseum  March 21-24

Circle 392 on Inquiry Card
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Megacycle
Meters
Determines resonant

frequency of tuned cir-
cuits, antennas, transmis-

sion lines, by-pass
condensers, chokes,

etc. Measures inductance
and capacitance. Also used

as a signal generator, wave
meter, frequency meter,

and in many other
applications.

This compact, lightweight
grid -dip meter is available

in the frequency
ranges indicated.

Write for Bulletin
Model 59

Oscillator
2.2 Mc - 420 Mc

01 Mc to 940.0 Mc

Model 59-LF
Oscillator

100 Kc - 4.5 Mc

Model 59 -UHF
Oscillator

420 Mc - 940 Mc

MEASUREMENTS
A McGraw -Edison Division

BOONTON NEW JERSEY
Circle 393 on Inquiry Card

Variable close
tolerance

Polystyrene Capacitors
All types have
power factor
of less than
.05% at
1000 CPS.

Type PV and Type PW variable polystyrene capacitors in
bathtub containers. Highly stable and adjustable over the
range of plus - minus 1% of the nominal capacitance.
Type PX close tolerance polystyrene capacitors in bathtub
containers. Tolerances available 1%, 0.5%, 0.25% and
0.1%. Stability better than 0.1% per year of life.

Write for free bulletin Type PV.

Nostit,
2620 N. Clybourn Chicago 14, Illinois

Industry
News

Walter T. Buhl, formerly Vice
President and General Manager of the
Leland Electric Co., div., has been ap-
pointed Deputy Group Executive of
American Machine & Foundry Co.'s
Electrical Products Group, Vandalia,
Ohio.

Recent Radio Corporation of Amer-
ica appointments include: H. Joseph
Chase, Vice President and General
Manager, Aviation Div.; George W.
Chane, Vice President, Finance and
Administration; Fred R. Raach, Staff
Vice President, Management Engi-
neering; Francis J. Dunleavy, General
Manager, Industrial and Automation
Div.; and Leonard S. Holstad, Vice
President, Electronic Data Processing
Service, RCA Service Co.; Loren F.
Jones, Manager, Product Planning,
Communications and Industrial Elec-
tronic Products Operations Div.

Tore N. Anderson has joined FXR,
Inc., Woodside, N. Y., to fill the newly
created position of Assistant to
Henry Feldmann, President.

T. N. Anderson H. Hertzog

Alpha Metals, Inc., Jersey City,
N. J., has announced the election of
Harold Hertzog as President. He was
formerly Vice -President of the com-
pany.

L. E. Blackwell is now a Products
Sales Engineer for the Instrumenta-
tion Product Group of the Texas In-
struments Incorporated Geosciences &
Instrumentation Div., Houston, Tex.

John Soldavine is now Controller,
Foto-Video Laboratories, Inc., Cedar
Grove, N. J.

Recent appointments at Stromberg-
Carlson Div., General Dynamics Corp..
are: James D. McLean, President;
Gordon G. Hoit, Senior Vice Presi-
dent; Frank P. Norton, Controller
(Electronics Div.); Robert J. Gilson,
Director of Systems Management
(Electronics Div.); Leslie D. Catlin,
Director of Management Services and
David Y. Keim, Director of Engineer-
ing (both in Electronics Div.).

Harry G. Bowles has been elected
Controller of Burroughs Corp., De-
troit, Mich.

Circle 394 on Inquiry Card
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THE SHORTEST PULSE ON RECORD...

GENERATED BY THE NEW Am perex TYPE 7093 K -BAND MAGNETRON

Illustration above is a
direct line -conversion
from an unretouched
radarscope photo of
Schiphol Airport,
Amsterdam,
Netherlands.
Range -1500 meters.
1 jeep travelling down

runway at 55 mph.
2 slow moving 'vehicles

and people walking.

The 7093 permits the design of an extremely
compact, short range radar system providing
resolution of 4 meters at 1000 yards and a
minimum range of only a few yards.
NOTEWORTHY FEATURES OF THE AMPEREX TYPE 7093

 Frequency Range: 34,512 - 35,208Mc.
 Power Output: 25KW
 Pulse Length: 0.02 microseconds
 Rise Time: 600KV per microsecond
 Weight: 4.2 lbs.
 Cathode: Philips dispenser -type
 Immediately available in production quantities.

ask Amperex
about microwave tubes for microwave applications

AMPEREX ELECTRONIC CORPORATION
230 Duffy Avenue, Hicksv Ile, Long Island, New York



MD pres-SURE-blocks DESIGNED for

QUICK Assembly and EASY Changes

Quickest to Handle.

20 circults
only SW --4\

431FibFilhfl

Easiest to Assemble.

Simplest to Mount and Extend.

STOCKED BY LEADING ELECTRICAL DISTRIBUTORS

BUCHA111111
ELECTRICAL PRODUCTS CORPORATION

HILLSIDE, NEW JERSEY

Circle 396 on Inquiry Card

ANY NUMBER OF CIRCUITS - pre -
assembled lengths of 20 snap fit circuits
(1-1/8" w. x 63/64" h.). No single
pieces to handle, pull off or add circuit
groups as needed. Single snap -on end
section completes block.

HAND ASSEMBLED without hardware;
only 2 parts to handle; use mounting
screws only every 12 circuits. Channel
mounting also available; integral or sep-
arable marking strips.
LARGER CAPACITY IN LESS SPACE-#22
thru #8; conservative 750 volt A.I.E.E.
rating ... Choice of contacts (7/16"
o.c.) for stripped or terminal -ended
wires (can be combined in single
block).
LENGTHEN IN SERVICE without removing
mounting screws or losing contact space.

USE FEWER CIRCUITS by grouping com-
mon wires-decrease jumpering; no un-
used contacts.

01 8 Tubular contacts fully ap-
proved by U.L. Blocks fully
approved for 600 V by C.S.A.

Write for Bulletin ELI.3

101

Booth 2341
I. R. E. Show

New York -Mar. 21-24

FREE! Whit6itidez Ct12?1.

NEWARK'S NEW

ELECTRONIC
CATALOG NO. 70

Semi -Conductor Headquarters for
Industry at Quantity Prices

Competitive with Manufacturers

Audio Devices  CBS  General Transistor
 General Instrument  General Electric
 Hoffman  Hughes  Motorola  Philco
 Raytheon  RCA  Sylvania  Ohmite
 Sarkes Tarzian Texas Instruments

 International Rectifier

Your One -Point Source for All Your Electronic Needs

Newark stocks and distributes
over 450 top lines covering
every phase of electronics!

Semi -Conductors  Connectors
Relays  Switches  Industrial
Tubes  Test Equipment  Trans-
formers  Controls  Resistors

 Meters  Capacitors
 Pilot Light Assemblies

CORPORATION

Formerly NEWARK ELECTRIC CO.

Dept. EI-3, 223 West Madison Street
Dept. El -3, 4747 West Century Blvd.

 COMPETITIVE FACTORY PRICES
 COMPLETE ON -HAND STOCK
 IMMEDIATE DELIVERY

Chicago 6, Illinois
Inglewood, California

Industry
News

Officers of a new electronics firm,
Antenna Systems, Inc., Hingham,
Mass. have been announced. They
are: C. W. Creaser, President; W. W.
Vander Wolk, Executive Vice -Presi-
dent; Leon 0. Paulding, Treasurer
Malcolm Winsor, Chief Engineer; Mil-
ton Higgins, Product Manager; and
Russell Leishman, Purchasing Agent.
Jordan Prouty will be on the Engi-
neering Staff.

James S. Galbraith has assumed
the position of Vice -President of
Microwave Associates, Burlington,
Mass.

J. S. Galbraith R. M. Brumfield

Richard M. Brumfield has become
President of the National Assoc. of
Relay Manufacturers. He is Presi-
dent of Potter & Brumfield Div.,
Princeton, Indiana, American Ma-
chine & Foundry Co., and Group
Executive of AMF's Electrical Prod
ucts group.

Henri Busignies, Vice -President and
General Director of International
Telephone & Telegraph Corp., New
York, N. Y., has been elected a Fellow
of the American Institute of Electri-
cal Engineers.

Ashley A. Farrar has been named
to the newly -created corporate post
of Director, Government Contracts
for Raytheon Co., Waltham, Mass.,
and Dr. Seymour L. Blum has been
appointed Manager of the High Tem-
perature Materials Dept. in Raytheon
Co.'s Research Div.

Election of Lewis L. Strauss, former
Chairman of the Atomic Energy Com-
mission, to the Boards of Directors
of the Radio Corp. of America and
National Broadcasting Co., has been
announced.

Neil H. McElroy, Chairman of the
Board of Procter and Gamble Co. and
former Secretary of Defense, has been
re-elected to the Board of the General
Electric Co.

Robert H. Garretson is now Group
Vice -President, Data Processing Div.,
Consolidated Electrodynamics Corp.,
Pasadena, Calif.
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Tech Data
for Engineers

High -Frequency Duct
Booklet, B-7326-380, describes high -

frequency bus duct. It outlines bus
duct features and containers a curve
of voltage drop at 400 CPS plotted
against load. Westinghouse Electric
Corp., P. 0. Box 2099, Pittsburgh 30,
Pa.

Circle 274 on Inquiry Card

Coiled Heating Elements
"Aids to Better Coiling"-a 16 -

page manual published by Hoskins
Mfg. Co., 4445 Lawton Ave., Detroit
8, Mich., describes the basic factors
and variables involved in forming
nickel -chromium resistance wire into
helically coiled electric heating ele-
ments. Subjects discussed include ef-
fects of work -hardening, wire temper,
coiling tension and related variables.
It contains step-by-step procedures
for hand coiling operations and a
"Trouble Shooting" chart for diag-
nosing and correcting the cause of
defective c duction.

275 on Inquiry Card

Resistor Chart
Selector chart developed by Weston

Instruments Div., Daystrom, Inc., 614
Frelinghuysen Ave., Newark 12, N. J.,
gives info. that eliminates need for
solving equations for power and
Ohm's Law. Four numbered values-
current, voltage, power, and resist-
ance-are arranged on 4 individual
chart axes. Take any 2 predeter-
mined values and a quick glance at
the chart will allow direct reading of
the others.

Circle 276 on Inquiry Card

Control Panels
Selection of control panels for auto-

matic materials handling systems is
the subject of a 12 -page, illustrated
bulletin G-9 from Fuller Co., Catasau-
qua, Pa. Four basic types, the "walk-
in" master control panel, the floor
and wall -mounted types, and the ex-
plosion -proof type, are illustrated. In-
side back cover is a chart of stand-
ard symbols used in graphic repre-
sentation of electrical circuitry.

Circle 277 on Inquiry Card

FlameRetardant Laminate
Fireban X, a flame-retardant ver-

sion of Grade X laminated plastic, is
described in Bulletin 3.1.1.1 offered by
Taylor Fibre Co.. Norristown, Pa.
The bulletin describes Fireban X as a
paper base grade with low phenolic
resin content. It was developed for
use where both mechanical strength
and flame retardance are required.
Min. and max. property values are
given plus physical, mechanical, and
electrical properties.

Circle 278 on Inquiry Card

dot
STRUCTURES

FOR

CIRCUITRY

Vector Electronics manufactures a complete
line of structures for mounting circuitry easily,

compactly and with good accessibility.
Vector experience and facilities guarantee

delivery, performance and economical prices.

TERMINALS AND TERMINAL BOARDS

SOCKET TURRETS,
TERMINAL TURRETS,

TRANSISTOR TURRETS.

SOCKET TEST ADAPTOR,
CHANGE ADAPTORS,

EXTENDERS, ROTOPROBES

Write for catalog to: AND TUBE BASE PLUGS.

VECTOR ELECTRONIC COMPANY
1100 FLOWER STREET, GLENDALE 1, CALIFORNIA
TELEPHONE: CHAPMAN 5-1076

Visit our booth #405I of the IRE show
Circle 398 on Inquiry Card

Jive

IRON CORE
Development

Production
Costs

/4,/, s: Breakage
Loss

Corcci for
Non -uniformity

of torque in phenolic
impregnated coil forms

Trademark

adio

EQUI-TORQUE®
Process # 25

. . . Developed by

RADIO CORES, INC.

Originators of

ENGINEERED ECONOMY
IRON CORES

Get even, smooth -running, satisfactory torque control in
application of threaded cores to coil forms with

EQUI-TORQUE PROCESS #25!
* Specially processed

tacky wax

* Impregnated in
cores

* Covers all thread
form

* Wax withstands
200°F.

* Lubricates to ease
torque

* Compensates for
low torque

* Uniform running
torque

* Equalizes initial
and running torque

* Recycling * No deterrent in
excellent function with aging

Operational tested and now being used by leading
television, radio and coil manufacturers.

Mile for samples and further information today!

Cores, 123) Phone:
GArd en 2-3353

L9540 SOUTH TULLEY AVENUE 111 OAK LAWN, ILLINOIS Copyright 1958

OE.
METAL
POWDER

mpi
INDUSTRIES
rE DEPATtO
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FOR PRECISION LABORATORY
OR PRODUCTION TESTING

FREED
1110 -AB INCREMENTAL
INDUCTANCE BRIDGE

Accurate inductance measurement with or
without superimposed D.C., for all types
of iron core components
Inductance -1 Millihenry to 1000 Henry
Frequency -20 to 10,000 Cycles
Accuracy -1 % to 1000 Cycle, 2% to 1OKC
Conductance -1 Micromho to 1 MHO

-9- -0.5 to 100
Superimposed D.C.-Up to 1 Ampere
Direct Reading-For use by unskilled

operators.
ACCESSORIES AVAILABLE:

1140-A Null Detector
1210-A Null Detector - V.T.V.M.

1170 D.C. Supply and 1180 A.C. Supply.

FREED
VARIABLE TEST VOLTAGE
MEGOHMMETER NO. 1620

The Freed Type 1620 Megohmmeter is a versatile
insulation resistance measurement instrument with a
continuously variable DC test potential from 50 to
1000 volts.

Components such as transformers, motors, printed
circuits, cables and insulation material can be tested
at their rated voltage and above, for safety factor.

 Resistance - 0.1 megohms to 4,000,000
megohms.

 Voltage - variable, 50 - 1000 volts.
 Accurate - plus or minus 5% on all ranges.
 Simple - for use by unskilled operators.
 Safe - high voltage relay controlled.
 Self-contained - AC operated.

TYPE 1620C MEGOHMMETER - a type 1620
with additional circuitry for testing capacitors.
TYPE 102013 MEGOHMMETER - a 500 volt fixed
test potential. Range I megohm to 2 million
megohms.
TYPE 2030 PORTABLE MEGOHMMETER - bat-
tery operated, 500 volt test potential. Range 1

megohm to 10 million megohms.

Send for NEW 48 page transformer catalog.
Also ask for complete laboratory test instru-
ment catalog.

FREED TRANSFORMER CO., INC.
1726 Weirfield St., Brooklyn (Ridgewood) 27, N.Y.

Circle 400 on Inquiry Card

Tech Data
for Engineers

4 -Layer Diode Circuits
Detailed information on the design

and operation of high speed flip-flop
and multivibrator circuits using
4 -layer diodes is given in Application
Data publication No. AD -6 from
Shockley Transistor Corp., Stanford
Industrial Park, Palo Alto, Calif. It
describes and diagrams free -running,
monostable and bistable circuits and
a square wave generator circuit. Sug-
gested circuit values are given. Op-
eration at high speeds and over wide
temp. ranges is discussed.

Circle 279 on Inquiry Card

Computer Techniques
Donner Tech Notes, a 4 -page publi-

cation from Donner Scientific Co.,
Concord, Calif., describes analog com-
puter techniques and applications.
Featured is, "How to Use and Pro-
gram Analog Computers."

Circle 280 on Inquiry Card

Facilities
The ability and facilities to design

and produce electronic, mechanical,
and nuclear devices such as test
benches, check out equipment, mul-
tiple van instrumentation systems,
chambers, and remote manipulators
is described in a brochure offered by
Nucledyne Div., Cook Electric Co.,
3412 River Rd., Franklin Park, Ill.

Circle 281 on Inquiry Card

I PRESSURE I

TRANSDUCERS

MISSILE, AIRCRAFT
AND INDUSTRIAL
APPLICATIONS

Guaranteed noise free signal
under high vibration  Long
Life  Infinite Resolution 
Available as a standard in all
pressure ranges

RAH 1\/1INSTRUMENTS
DIV. OF AMERICAN MACHINE

AND METALS. INC.
65 Rushmore St., Westbury, N. Y.

EDgewood 3-4840

Lepel induction
heating equipment represents

the most advanced thought in
the field of electronics . . the most

practical and efficient source of heat developed
for numerous industrial applications.

You are invited to send samples of work with
specifications. Our engineers will process and return

the completed job with full data and recommendations
without cost or obligations

FLOATING ZONE UNIT FOR METAL
REFINING AND CRYSTAL GROWING
A new floating zone fixture for the
production of ultra -high purity metals
and semi -conductor materials. Purifica-
tion or crystal growing is achieved by
traversing a narrow molten zone along
the length of the process bar while it is

being supported vertically in vacumm or
inert gas. Designed primarily for pro-
duction purposes, Model HCP also pro-
vides great flexibility for laboratory
studies.

fires
 A smooth, positive mechanical

drive system with continuously
variable up, down and rota-
tional speeds, all independ-
ently controlled.

 An arrangement to rapidly
center the process bar within
o straight walled quartz tube
supported between gas -tight,
water-cooled end plates. Place-
ment of the quartz tube is ra-
ther simple and adapters can
be used to accomodate larger
diameter tubes for larger pro-
cess bars.
Continuous water cooling for
the outside of the quartz tube
during operation.
Assembly and dis-assembly of
this system including removal
of the completed process bar
is simple and rapid.

Electronic Tube Generators from 1 kw to 100 kw.
Spark Gap Converters from 2 kw to 30 kw.

WRITE FOR THE NEW LEPEL CATALOG

1 1,
.

p ,--- i 5 r All Lepel eq., pment r

--- -....-_-- " . 'rerqe.d.reinenTr'll'Il: 'F'C"

HIGH FREQUENCY LABORATORIES, INC.
55th STREET and 371h AVENUE, WOODSIDE 77, N. Y.

Circle 401 on Inquiry Card Circle 402 on Inquiry Card
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IDEAL
PRECISION

Panel Meters
a complete line for every application

IDEAL Panel Meters are assembled in
controlled atmospheric and climate
conditions and 100/0 inspected at
every step of production to insure high-
est quality and dependability.
 D'Arsonval movements guarantee

minimum accuracy of 2% (full scale).
 Rugged construction means trouble -

free, long-lived service.
 Durable plastic meter cases provide

greater clarity, easier readability.
For more information on the entire IDEAL
line, write for Catalog No. 32.

IDEAL PRECISION METER CO., INC.
214 Franklin Street, Brooklyn 22, N. Y.

Sold to Electronic Ports Distributors
exclusively through

WALDOM ELECTRONICS, INC.
4625 West 53rd Street, Chicago 32, Ill.

Circle 405 on Inquiry Card

6ff REGULATION

Tech Data
for Engineers

PNP Transistors
Electrical and mechanical data, per-

formance characteristics, and product
features of a series of PNP silicon
alloy transistors are treated in 3 tech.
bulletins from National Semiconduc-
tor Corp., Sugar Hollow Rd., Dan-
bury, Conn. The transistors desig-
nated by type numbers 2N1440,
2N1441, and 2N1442, are for low level
amplification, small signal, and me-
dium power applications.

Circle 282 on Inquiry Card

Time Delay Relays
Tempo Instrument Inc., P.O. Box

338, Hicksville, N. Y., offers Engi-
neering Bulletin 5905, an 8 -page illus-
trated catalog containing tech. data
on line of electronic time delay relays.
Typical ranges include: 0.50 to 1.00
sec.; 0.150 to 3.00 sec.; 0.750 to 15.0
sec.; etc. up to 15.0 to 300 sec.

Circle 283 on Inquiry Card

Insulating Material
Single -sheet data page discusses

electrical, chemical and physical prop-
erties of Rexolite 2200, a reinforced
thermosetting plastic insulating mate-
rial for use at ultra high and micro-
wave frequencies in both wet and dry
locations. Sheet includes curves for
dissipation factor, dielectric constant
and attenuation. Rex Corp., West
Acton, Mass.

Circle 284 on Inquiry Card

RIPPLE

TRANSISTORIZED
POWER SUPPLIES
The 120 Seri es

Quaraech's 120 Series units are transistorized, low -voltage
d -c power supplies featuring low ripple and closely regulated output.

Regulation is to within ±0.01% or ± 3 my for line or load. All electronic circuitry protects
each unit from overload or short circuit -recovery is immediate when the fault is removed.
Valuable equipment connected externally is protected by presetting current levels of any of
the 120 Series. Provisions for remote error sensing are also incorporated. Where reliability
rates equally with versatility -look to the 120 Series by Quan-Tech.Write for technical details.

SPECIFICATION HIGHLIGHTS

Output Range DC Regulation Ripple .

PriceModel
Volts Amps Line Load my RMS

121 0.1-15 0-5 ft. -0.01% or 3 my -±0.01% or 3 my .5 $475.

122 0.1-36 0-3 ±-0.01% or 3 my ±0.01% or 3 my .5 495.

123 0.1-50 0-2 -±0.01% or 3 my ±-0.01% or 3 my .5 510.

124 0.1-50 0-5 -±0.01% or 3 my ±0.01% or 3 my .5 645.

Also Available
101 0-8 0-2 ±0.25% or ±25 my 1 195.

102 0-14 0-1 ±0.1% or -±10 my ±0.1% or ±10 my 1 190.

103 0-30 0-.5 ±0.1% or ±10 my ±0.1% or ±10 my 1 190.

104B 0-50 0-1 ±0.1% or ±-10 my 1 375.

105 0-50 0-.25 ±0.25% or ±25 my 2 205.

112 0-14 0-2 ±0.1% or 10 my ±0.1% or 10 my 1 240.

113 0-30 0-1 ±0.1% or 10 my ±0.1% or 10 my 1 240.

Units are available for bench or rack mounting

SEE US AT I.R.E. SHOW BOOTH 3034
Circle 403 on Inquiry Card

CLEAN
Electronic, Electrical,

Mechanical Components

and Contacts with

NO Film or Residue

HIGH -VELOCITY

SPRAY -CLEAN TECHNIQUE

APPLICATIONS

Electronic Components & Assemblies: Di
odes, Transistors, Slip -Ring Commutators,
Crystals, Vacuum Tube Components, Sub -
Miniature Assemblies.

Meter & Instrument Components: Instru-
ment Bearings, Jewel Bearings & Pivots,
Gear Trains, Lapped Surfaces.

Electrical Contacts: Relays, Vibrators,
Voltage Regulators, Sensitive Switches.

FEATURES

No film, residue, or corrosive effect to
damage surface, fire and explosion hazard
nil, non -polar, non-ionic, an all around
safe operation.

For specific information about your
critical cleaning problems, send prod.
uct information and production re-
quirements.

behn inc
226 Passaic Avenue

Caldwell, N. J. CApital 6-6675
See us of the IRE Show -Booth No. 4106

Circle 404 on Inquiry Card
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The most
precise,

sturdiest
thermal relay
ever built...

best for missi
applications

... from the leader in thermal relay design!

e

Now, for missile environments and for all applications where greater precision is necessary, G -V Controls
offers the revolutionary new PT Thermal Relay-the most precise thermal relay ever built!

And the PT's sturdiness is unequalled in thermal relays. It withstands missile vibration and shock far
better than any other thermal relay.

SPECIFICATIONS

Time Delay: 3 to 60 seconds (Factory Set)
Setting Tolerance: ±5% (± 1/4 sec. min.)

Temperature Compensation: Within ±5% over -65°C.
to +125°C. range (-±-1/4 sec. min.)
Heater Voltages: 6.3 to 115 v. for delays up to 12 sec.;
6.3 to 230 v. for longer delays.
Power Input: 4 watts. Rated for continuous energization
at 125°C.
Contacts: SPST, normally open or normally closed. Rated
2 amps. resistive at 115 v. AC or 28 v. DC.

Write for Product Data Bulletin #PD -1015

Insulation Resistance: 1,000 megohms
Dielectric Strength: 1000 v. RMS at sea level. 500 v. RMS
at 70,000 ft.
Vibration: Operating or non -operating, 20 g up to 2000 cps

Shock: Operating or non -operating, 50 g for 11 milli-
seconds

Unidirectional Acceleration: 10 g in any direction changes
delay by less than 5%, 50 g by less than 10% with
proper orientation.
Weight: 2 to 21/4 ounces.

G -V CONTROLS INC.
ILivingston, New Jersey

Circle 25 on Inquiry Card



C rrairicEtion

Institut ente.

Controls

Radar

Imes

ELA

Mc bi e

Elect -or ies

0
(1)

CC

2

4

2N1487
2N1488
2N1489
2N1490

2N1483
2N1484
2N1485
2N1486

2N1479
2N1480
2N1481
2N1482

RCA
SILICON
POWER

TRANSISTORS

CASE TEMPERATURE 'C

12 new N -P -N diffused -junction mesa
types with low saturation resistance 
high-temperatureperformancehigheur-
rent betashigh power -handling capability
Out of RCA's broad experience in diffused silicon mesa
techniques comes a comprehensive new line of medium,
intermediate and high power silicon transistors, featur-
ing low saturation resistance characteristcs and high
collector -current and voltage ratings.

These new RCA silicon types open the way to a wide
variety of military and industrial applications-in power
switching circuits such as dc -to -dc converters, inverters,
choppers, solenoid drivers and relay controls; oscillator,
regulator, and pulse -amplifier circuits, and as class A
and class B push-pull amplifiers for servo and other
audio -frequency applications.

RCA Silicon Power Transistors were developed in
cooperation with U. S. Army Signal Corps, on an Indus-
trial Preparedness Measure for military devices.

-41161110.

Contact your RCA Field Representative today for
complete sales nformation. For additional technical
data, write RCA Commercial Engineering, Section
C -50 -NN, Somerville, N. J.

ELECTRICAL CHARACTERISTICS
Minimum a,.4 Maximum Values at Case Temperature= 25°C

Min. Min. Max. Max. Max.
RCA

TYR*
VCEX
(volts)

'CEO.
.alts)

IC IC110
SaturationhFE
Resistance

(amp) lea)
(ohms)

Vol = 30v lc =0.2amp lc= 0.2omp
2N1479 60 40 1.5 10 7 15.75
2N 1480 100 55 1.5 10 7 15-75
2N1481 60 40 1.5 10 7 35.100
2N1482 100 55 1.5 10 7 35-100

VCR .30v 1c=0.75 amp lc =0.75 amp
2N1,183 60 40 3 15 2.67 15-75
2N1484 100 55 3 15 2.67 15.75
2N1485 60 40 3 15 1.00 35-100
2N1486 100 55 3 15 1.00 35-100

VCR= 30v lc= 1.5 amp IC= 1.5 amp
2N1487 60 40 6 25 2.00 10-50
2N1488 100 55 6 25 2.00 10.50
2N1489 60 40 6 25 0.67 25-75
2N1490 100 55 6 25 0.67 25-75

sustaining volts

VISIT RCA AT THE N. Y. IRE SHOW-BOOTHS 1602-1408; 1701-1707

RADIO CORPORATION OF AMERICA
SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J.

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS
EAST: 744 Broad Street, Newark, N. J., HUmboldt 5-3900  NORTHEAST: 64 "A" Street, Needham Heights 9,, Mass.. Hilicrest 4-7200  EAST CENTRAL: 714 New
Center Bldg., Detroit 2, Mich., TRin Ay 5-5600  CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago, III., VHitehall 4-2900  WEST: 6355 E. Washington Blvd.,
Los Angeles, Calif., RAymond 3.8361  SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, FLeetwood 78167  GOV'T: 224 N. Wilkinson St., Dayton, Ohio,

BAldwin 6-2366 1625 "K" Street, N.W., Washington, D.C., District 7-1260

AVAILABLE, TOO, THROUGH YOUR AUTHORIZED RCA DISTRIBUTOR


