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0

3.2 100

1
1
1
1 32 7% 10
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1
1
1
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CONTINUOUS-WAVE LASER produces visible light beams in
6,300-A region. The helium-neon unit uses r-f excitation and de-
livers 50 pw single-mode output. Raytheon researchers are study-
ing phenomenon of mode patterns and additional red dots that

join the dot of light produced by the laser on a screen COVER

SCIENTISTS PREPARE TO STUDY QUIET SUN. Communica-
tions industry hopes to benefit from solar activity studies. This
will be the first time since concentrated solar studies began that
solar activity will be at a minimum

INDUSTRY HELP SOUGHT In Airspace Utilization Design. Sys-
tem up to 1975 is evolutionary, rather than revolutionary. The
big push will be toward data processing and electronic display

MILITARY MAINTAINABILITY SPECS Aim at Simplifying
Repair Jobs. Military’s outlook on maintenance problems is fea-
tured at EIA conference. Latest regulations and specifications
are explained

MICROMODULES IN PRODUCTION. Now reaching the produc-
tion stage, micromodules have been put through tough series
of reliability tests. Fligures given include those for radiation re-
sistance

MICROMODULES: How To Design Them, How To Use Them In
Systems. Microelements such as resistors are laid down on cer-
amic wafers that are then supported in stacks by riser wires
Step-by-step procedure considers form factors necessary in bot’
circuit and systems design.

By R. DiStefano, Jr., Radio Corp. of Amer.

SEMICONDUCTOR MODULATORS for Modern Magnetrons.
Series-string design with shunting resistors overcomes limita-
tions of pnpn transistor switches as magnetron modulators. A»
operational 300 Kw modulator has been developed; a 640-Ki
unit has been realized in the laboratory.

By F. A. Gateka and M. L. Embree, Bell Telephone Lab

QUASI-DEGENERATE PARAMP: Is This the Simplest Paramp
Ever Built? It requires only one butterfly resonator and one
varator diode with signal and pump coupling loops. Both signal
and idler frequencies are within the resonator passband. Circuit
covers vhf and lower microwave frequencies, tunes over a two-
to-one band. By R. J. Meyer, Boeing

20

26

28

46

Contents Continued



electronics

September 14, 1962 Volume 35 No. 37

Published weekly, with Electronics
Buyers’ Guide and Reference issve
as part of the subscription, by
McGraw-Hill  Publishing Company,
Inc. Founder: James H. McGraw
(1860-1948).

Title ® registered U.S. Patent Office;
© copyright 1962 by McGraw-Hill
Publishing Co., Inc. All rights re-
served, including the right to repro-
duce the contents of this publication,
in whole or in part.

Executive, editorial, circulation and
advertising offices McGraw-Hill Build-
ing, 330 West 42nd Street, New York
36, N. Y. Telephone Longacre 4-3000.
Teletype TWX N.Y. 212-640-4646. Cable
McGrawhill, N. Y. PRINTED IN AL-
BANY, N. Y.; second class postage
paid at Albany, N. Y.

OFFICERS OF THE PUBLICATIONS DI-
VISION: Nelson L. Bond, President;
Shelton Fisher, Wallace F. Traendly,
Senior Vice Presidents; John R. Calla-
ham, Vice President and Editorial Di-
rector; Joseph H. Allen, Vice President
and Director of Advertising Sales; A.
R. Venezian, Vice President and Circu-
lation Coordinator; Daniel F. Crowley,
Vice President and Controller.

OFFICERS OF THE CORPORATION:
Donald C. McGraw, President; Hugh J.
Kelly, Harry L. Waddell, Executive
Vice Presidents; L. Keith Goodrich,
Executive Vice President and Treas-
urer; John J. Cooke, Vice President
and Secretary.

Subscriptions are solicited only from
those actively engaged in the field of
the publication. Position and com-
pany connection must be indicated on
orders.  Subscription rates: United
States and Possessions, $6.00 one
year, $9.00 two years, $12.00 three
years. Canada, $10.00 one year. All
other countries $20.00 one year. Single
Copies, United States and Possessions
and Canada 75¢. Single copies all
other countries $1.50.

THE PUBLISHER, UPON WRITTEN RE-
QUEST FROM ANY SUBSCRIBER TO
OUR NEW YORK OFFICE, AGREES TO
REFUND THAT PART OF THE SUB-
SCRIPTION PRICE APPLYING TO
COPIES NOT YET MAILED.

Subscribers: Please address change of
address notices, subscription orders or
complaints to Fulfillment Manager,
Electronics, at above address. Change
of address notices should provide old
as well as new address, including
postal zone number if any. If pos-
sible, attach address label from re-
cent issue. Allow one month for
change to become effective.

Postmaster: Please send Form 3579
to Fulfillment Manager, Electronics,
330 West 42nd Street, New York 36,
New York.

e,
o s,
& 2
o 0]

z
-

°
“

8
ot

Audited Paid Circulation

CONTENTS continued
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CROSSTALK

Department of Science? Let’s Go Slowly

EVER SINCE the first Russian sputnik went
into orbit on Oct. 4, 1957 the suggestion has been
repeatedly advanced that scientists and engi-
neers should have a greater voice in govern-
mental planning and decision making.

One of the first responses to the suggestion
was the vesting of more responsibility in the
Office of the Science Adviser to President Eisen-
hower. The trend has continued under the Ken-
nedy administration, and now there is talk of
forming a Congressional Commission on Science
and Technology, or a cabinet-rank Department
of Science and Technology.

ALL THIS ATTENTION is indeed flattering to
the scientist and engineer, and it undoubtedly
has value in that it focuses public interest on
science and engineering as a prime bulwark of
our defense. But before we embark upon the
planning of a Science Department it would be
wise to give more thought to precisely what its
function might be.

The present Office of the Science Adviser de-
scends from the Office of Scientific Research and
Development (OSRD), the top-drawer govern-
ment agency that guided much of our research
effort during World War II. Appointing such a
research body has been part of our wartime syn-
drome for over a century. Mr. Lincoln’s OSRD
is still in business—it is the National Academy
of Sciences. Mr. Wilson’s OSRD is also still
around—it is the National Research Council.

THERE ARE TWO VIEWS of what a perma-
nent Department of Science and Technology
might do.

It could encompass all the research functions
of the federal government: the National Bureau
of Standards, Naval Research Laboratory, Na-
tional Institute of Health, Department of Agri-
culture Experiment Stations and many, many
more. Just how compatible are radio propaga-
tion, radar, cancer research and development of
prize turkeys? What would be the effect upon
the Department of Defense, using its research
arms for highly specialized studies aimed at par-
ticular missions ?

A second view is that the new department
could do research on research. This makes more
sense but we wonder if it really requires a new
cabinet-rank organization to carry it out. Why
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couldn’t the existing National Science Founda-
tion, or the National Academy of Sciences, be
strengthened sufficiently to do the job?

THERE MAY BE AN EASIER WAY to better
utilize the abilities of scientists and engineers.
The President might more often consider ap-
pointing engineers and scientists who have
proved their ability in management to agencies
such as the Atomic Energy Commission and the
Federal Communications Commission.

MICROELECTRONICS—For several years now we
have been hearing about various approaches to micro-
electronics. Several experimental equipment types
have been built using them. This year applications
of microelectronics are coming thick and fast. And
the equipment using them is not all just experimental.

We used to talk about three basic approaches. In
the first, circuits are built up on tiny modular wafers;
this is generally called the micromodular approach.
The second makes use of almost molecularly thin
films, usually deposited on a glass substrate; this is
the thin-film approach and one of its ramifications
includes work in cryogenic or very-low-temperature
circuits. The third approach uses circuits diffused
into solid blocks of silicon. This approach has been
called molecular electronics, monolythic circuits,
Functional Electronic Blocks, Semiconductor Solid
Circuits, Micrologic and probably many more.

All these approaches aim eventually at producing
equipment that is smaller, lighter, hopefully more
economical and, above all, more reliable. Each ap-
proach has its unique advantages and, in fact, we may
even see two or more approaches combined in a single
piece of equipment.

The article on p 37 by R. DiStefano of RCA is en-
titled, How To Design Micromodules. But it also
tells how to design equipment using micromodules.

Next week we will publish an article on applying
functional blocks in system design by the late H. W.
Henkels of Westinghouse Electric. These articles will
bring you up to date in the technique of applying
two of the approaches to microelectronics.

Coming In Our September 21 Issue

POWER HANDLING—One way to handle high
power with transistors is to operate in the switching
mode so that dissipation is kept within limits for the
device. An application of this switching mode in the
design of a 500-watt transistor regulator is discussed
next week by P. Balthasar, of Bendix Corporation.
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Logarithmic
Amplifier

Model LA-5100

ACCURATE TO WITHIN
+1 DB OVER 80-DB
DYNAMIC RANGE

This extremely accurate log am-
plifier enables exact measure-
ments of attenuation in networks,
filters, amplifiers, and other de-
vices exhibiting dynamic operat-
ing ranges down to 90 db., Write
for complete technical data.

® Frequency range 500kc-100mc,
with flatness better than
=14 db.

® Four calibrated ranges:
Logarithmic 0-40, 0-60, 0-80 db
(readable to 90 db) and
one linear range 0-20 db
(variable gain).

e Continuously variable log-
expand control permits
uncompressed presentation of
first 5 db of each range.

® Direct-reading meter for
point-by-point measurements.

® Oscilloscope output jack for
sweep display measurements.

® Designed for rack mounting:
7" x 145" x 19”. $795.00
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Philadelphia 32, Pa.
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COMMENT

Industry-Education Council

I was extremely interested in
your August 10 (p 24) article on
the Industry-Education Council, en-
titled West Starts Recruiting Early.
I want to commend your magazine
for its efforts.

If you have inquiries from any of
your readers for information on the
Industry-Education Council, you
may direct them to my attention at
the Industry-Education Council of-
fice, 700 State Drive, Los Angeles
37, California.

C. F. HORNE
Chairman of the Board
Southern California

Industry-Education Council

Los Angeles, California

Creativity and Inventions

F. G. Marble’s “R&D and Profit”
(Comment, p 4, July 13) plea for
“help and guidance” by editorial
policy, should be echoed by every-
one in the electronics industry,
especially in conflicts between engi-
neers and management, such as
those involved in “who gets the
patents.”

Industry, via its assign-all-pat-
ents employment contracts, now
takes those patents from its em-
ployees. It also wants them when it
is the employee of the government
in cost-plus R&D contracts.

But very strange indeed is the
fact that the engineers and scien-
tists who create these inventions,
whether in industrial or govern-
mental institutions, have no voice
whatever in such conflicts! By com-
mon law those inventions are the
property of the inventor, his em-
ployer receiving only a non-exclu-
sive, royalty-free, manufacturing
right in return for his salary and
the use of the employer’s facilities.
It is this law which industry has
bypassed with its employment con-
tracts.

It may be countered that no one
forces creative talent into these in-
dustrial or governmental labora-
tories, which obviously is an unde-
niable fact. It goes there of its own
free will and accord.

But the climate for independent
invention has grown so hostile that

it is well-nigh impossible for it to
exist. The hostility of the nontech-
nical courts, the outright piracy of
inventions and, if not that, the lone
inventor’s extremely poor bargain-
ing position, the rough squeeze of
the revenue laws on invention re-
turns and on risk capital, all these
and more have left only an arid
desert in which invention flowers
under great difficulty.

If, twenty years ago, a patent
was only an invitation to a lawsuit,
which an independent inventor
might be able to finance against a
powerful, piratical industry, its
chances now of survival are infi-
nitely worse.

The result: Independent inven-
tors now comprise less than half of
the total, whereas a generation or
two ago most were independents.
Realizing the hardships of inde-
pendent invention in this hostile
climate, more than half have gone
into industrial or governmental
laboratories, willy-nilly signing
those assign-all-patents when they
did so.

The result of this? The R&D
costs of invention have soared,
while the quantity and, more im-
portantly, the quality of patents has
decreased.

When, in speaking of the Ameri-
can free enterprise system, Mr.
Marble speaks of rewards ‘‘com-
mensurate with the contribution,”
he unfortunately does not mention
the creative talent which, now as
always, is the source of every prod-
uct, every industry, all technologi-
cal progress, as well as our nation’s
defense against powerful enemies
abroad. Most engineers only apply,
by copy-cat techniques, what their
relatively few creatively endowed
brethren have created.

Instead of lessening technical in-
struction and increasing that de-
voted to business management, as
Mr. Marble finally suggests, I would
most strongly emphasize creativity
in technical school curricula, es-
pecially in following the teaching of
what has already been created or
discovered by the thinkers who pro-
vided that knowledge. To apply old
knowledge is important for today,
but to create new knowledge is even
more so for insuring progress to-
morrow !

B. F. MIESSNER
Miessner Inventions, Inec.
Miami Shores, Florida

electronics



USE AXIALLY
OR RADIALLY!

FOR EXPERIMENTAL USE

Electronic components are used up fast in experimental work, and
budgets often take a beating. The two assortments of Axial-Radial
“VY” Capacitors not only provide the units you need for prototype
and breadboard use, but are offered at 45% off list price.

Parts are packaged and sorted by value in individual, labeled drawers
for fast, easy selection. 32-drawer, enameled metal cabinet is compact,
sturdy — takes up less than 1% sq. ft. of bench space.

IR

GENERAL PURPOSE KIT i ' RF CAPACITORKIT

C.(::;:lzchjff I\)/aYrtSl2c:2ills\t71;g1(;)fcalsz : Contains 18 pieces each of the follow-

i ‘ i ; : .

:izes in all values between 100 and | INg cApacisanee volues in the VY. 12
; case size: 1.0, 1.5, 2.7, 3.3, 3.9, 4.7,

1000 mmf., and the following lower val- . . E

z .6, 6.8, 8.2, 10, 12, 15, 18, 22, 33 d
ues: 10, 22, 33, 39, 47, 68 and 82 mmf. » Ay Uy Sty THy Sy T L8, Sy S0 B
5% tolerance.

Complete Kit, Specially Priced At ........ $380.00

47 mmf. 5% tolerance.

Complete Kit, Specially Priced At ........ $180.00

‘Write for FREE CATALOG on the complete line of “Vitramon” Porcelain and Ceramic Capacitors

" INCORPORATED

Box 544 e Bridgeport 1, Connecticut
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- TYPE FREQ., kMc POWER
QKB 913 1.1—- 2.0 100 mW min.
QKB 914 20— 4.0 70 mW min.

QKB 915 4.0 — 8. 20 mW min.
QKB 916 8.0 —12.4 20 mW min.

QKB 890 124 —18.0  40—180mW
TYPICAL RAYTHEON O-TYPE BWO'S FOR LABORATORY INSTRUMENTS* QKB 891  18.0—26.5  40—180 mW

*Complete O-type BWO line includes 45 different tubes

Why 3 out of 5 BWO’s in new microwave signal generators are Raytheon

Certainly it's more convenient to select
from Raytheon’s 45 different BWO'’s.
But most needs are met with six tubes
covering 1 to 26.5 kMc (above). They’re
unusually compact and incorporate grids
for low-voltage pulse and amplitude
modulation or the application of AGC.

Write for more reasons in technical
data. Raytheon Co. O Microwave and
Power Tube Div., Waltham 54, Mass.
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ELECTRONICS NEWSLETTER

NASA Negotiates For Lunar Logistics Studies

NEGOTIATIONS are underway for 3-month studies of a lunar lo-
gistic system between NASA and Space Technology Laboratories,

Inc., Northrop Space Laboratories and Grumman Aircraft.

STL

would study various type of spacecraft for carrying supplies to the

manned Apollo landing site on the
moon. Engineering data will be
supplied on how subsystems in a
9,000-1b vehicle carrying some 1,500
1b of gear might form the basis for
a follow-on development of a 90,-
000-1b vehicle carrying 20,000 1b of
cargo. Boosters could be Saturn
C-1 and C-5. Northrop and Grum-
man would study cargos the vehi-
cles might carry.

Profits Down in 1961 for
Printed-Circuit Industry

PRINTED CIRCUIT board manu-
facturers’ profits declined in 1961,
reported the Institute of Printed
Circuits (IPC). The IPC surveyed
independent producers that did 40
percent of the $48 million printed
circuit sales in 1961. They said
average profits were 1 percent of
sales in 1961, compared with 3.2
percent, after taxes, in 1960. The
IPC said the reason for the decline
of profits was due to the many non-
profit operations in the industry in
1961.

New Computer Memory
Planned for Space Use

WOVEN SCREEN computer mem-
ory planes are the subject of a
$50,000 research contract awarded
to Thompson Ramo Wooldridge Inc.
(TRW) by the Applied Physics
Laboratory of Johns Hopkins Uni-
versity. Made by weaving strands
of bare copper wire into a screen
mesh and plating the mesh with
magnetic material, the memories
will be developed for possible use
in the Navy’s navigational satellite
system.

Random access read-write cycles
of less than 1 usec are claimed. The
developers say the new design will
be more reliable, and will withstand
temperature, shock and vibration
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effects associated with space vehicle
launch and flight much better than
present core memories. Cost is ex-
pected to be a fraction of conven-
tional memory cost.

High-Frequency Magnetron
To Be Developed for Army

NINETY-THREE-Ge coaxial mag-
netron and microwave duplexer will
be developed by the Westinghouse
Electronic Tube Division for the
U.S. Army Signal Corps. The mag-
netron will be of the inverted type
with a circular waveguide output.
The duplexer will be a broadband,
fixed-tuned transmit-receive switch
and a dual transmit-receive switch
with 3-db couplers. The two de-
velopment contracts total $279,-
204.

TWT Develops 150 Watts at
Millimeter Frequencies

HIGH - POWER millimeter - band
traveling-wave tube developed by
Hughes Aircraft engineers is re-
ported to have an output of 150
watts c-w at 53.83 Ge. Efficiency of
the tube is about 30 percent. Pre-
cise electron optics employed in the
gun structure permit the high-

power performance. Beam power
density achieved is a megawatt per
square centimeter at a beam volt-
age of 11 Kv. Beam transmission is
greater than 90 percent using a
magnetic focusing field of 2,700
gauss. Hughes engineers hope to
use the tube for communication
through the ion sheath encountered
by spacecraft on reentry.

Contactless Switch Study
Contract Awarded by Navy

CONTACTLESS switching tech-
niques for military aircraft elec-
trical systems will be studied by
Ling-Temco-Vought, Inc.,, under a
$79,000, 18-month contract awarded
by the Bureau of Naval Weapons.
Static switching characteristics of
semiconductors, magnetic, chemi-
cal and ferroelectric devices will be
investigated.

Besides improving reliability of
the electrical systems and reducing
physical size, contactless switches
are expected to reduce maintenance
problems and fire hazards. Such
switches are compatible with small
conductor flat interconnecting ca-
ble, molded harnesses and printed
circuits. Future applications are
expected to be in missiles, space
vehicles and support equipment.

Licensing Rates to Drop
Ten Percent, Japan Says

TOKYO—Japan Electronics Indus-
try Association (JEIA) reported
that the Radio Corporation of
America (RCA) has agreed to
lower licensing rates by ten percent

Air Force Seeks Builder For Giant Telescope

BOSTON—Air Force is canvassing industry for firms qualified
to design and build a giant servo-controlled optical telescope
and associated laboratories for studies of the solar atmosphere.
A vacuum system and extensive electronic instrumentation will
be included with the 300-ft-long, 30-inch aperture telescope
planned by the A. F. Cambridge Research Laboratory (AFCRL),

Bedford, Mass.

AFCRL’s Sacramento Peak Observatory, Sunspot, New Mexico,
is the center of USAF solar research, but it has not yet been
decided if the new optical system will be built at that site.
Formal requests for proposals will be sent to qualified companies
by Electronic Systems Div., Bedford, which handles procurement

for AFCRL




on most new production agree-
ments. Old licensing agreements
between RCA and Japanese manu-
facturers are due to expire at the
end of this year.

JEIA reported licensing rates
for the production of a-m transis-
tor radios will be lowered from 0.5
percent to 0.45 percent. Rates for
f-m tube and transistor radios will
be lowered from 10.0 percent to
0.9 percent. Black and white tele-
vision receiver rates are to go from
1.75 percent to 1.575 percent. The
association expects that Japanese
industry will save more than $1
million next year after reduction
of the licensing fees. JEIA also re-
ported that transistor tape record-
ers, stereo phonographs, tube
stereo  and transistor audio
amplifiers will be produced in Japan
under RCA licensing agreements
for the first time next year.

ETA Recommends Standards
For Uhf-Vhf Television

RECOMMENDATIONS for all-
channel (uhf and vhf) television
set standards were submitted to the
Federal Communications Commis-
sion by the Electronic Industries
Association (EIA). Standards rec-
ommended were, ‘“The receiver shall
be capable of receiving any uhf
channel with a noise figure not to
exceed 18 db, and the average of the
limits of sensitivity of the uhf
channels shall not be more than 8
db below the average of the sensi-
tivity of the vhf channels.”

The EIA recommendations were
based on the present state-of-the-
art capabilities of the industry.
They were developed at a confer-
ence sponsored by the EIA Engi-
neering Department.

U. S. and Japanese Firms
Sign Business Agreement

JAPANESE FIRMS, Mitsubishi
Electric Manufacturing Co. and
Fuji Communication Apparatus
Manufacturing Co., have signed an
agreement with Litton Industries
for production, sales and service of
an air defense control system of
Japan. The Japanese Air Defense
Environment (JADE) system, a
series of command and control mod-

ules, was developed by Litton. Pro-
posals have been made to the Japa-
nese government on the JADE
system, and a contract decision is
expected early next year, reported
Litton.

Polaris Submarine
Simulator Now in Use
SIMULATOR of Polaris subma-

rine missile control room, built by
Curtis-Wright Corp., is now in use

at the Navy Submarine School, New -

London, Conn. Duplicating oceanic
operating conditions as well as in-
termediate range ballistic missile
launch tasks, the trainer provides
realistic crew experience.
Magnetic drums store 2.5 million
bits of submarine and missile data
in the form of 80,000 instructions
and 2,500 evaluation messages. In-
structions are given at a rate of 18
million a minute. Prepunched cards
inserted at the control console in-
troduce a variety of malfunctions.

Integration Contract For
Titan III Is Announced

TITAN III systems integration
contractor will be Martin-Marietta
Corp., the Department of Defense
announced. The system is described
as a standardized work horse
launch vehicle. Appropriations for
Titan III for fiscal 1963 totaled
$204 million. Martin had been
awarded a previous contract in late
1961 to permit completion of the
program definition phase.

Air Force Develops
High Speed Camera

HIGH-SPEED CAMERA system,
using an image-converter tube, has
been developed through Air Force
research, the Department of Com-
merce announced. The system,
which works on an overall light
gain, can record 16 pictures, each
exposed from 3 x 107 seec to 3 X
10° sec. The converter tube is ca-
pable of amplifying light over 25
times. A mesh grid, with a voltage
pulse of 465 v applied to it, con-
trols the flight paths of photoelec-
trons in their flight to a fluorescent
screen. Pulses are synchronized.

In Brief ... .

SONARS for surface ships will be
built for the Navy by Edo Corp.
under a $5.7 million BuShips con-
tract.

MILITARY test equipment will be
built for Sperry Gyroscope and
Aircraft Armaments by Systron
Div. of Systron-Donner Corp.
under contracts totaling $308,-
000.

SPERRY Gyroscope has received a
$4.9 million addition to its Nike
Zeus contract. Sperry Phoenix
has received orders for B-52
bomber electronic controls total-
ing $4 million.

GAMMA-RAY radiation measure-
ment instruments, pocket size
for use by Air Force personnel,
will be built by Jordan Electronic
Div. of Victoreen Instrument Co.
under a $830,000 contract that
also includes 165,000 radiological
dosimeter chargers.

ELECTRONIC Industries Associa-
tion reported that factory sales
of receiving tubes and television
picture tubes dropped to $30.7
million in July, lowest monthly
total this year.

BUSINESS and Defense Services
Administration of the Depart-
ment of Commerce reported that
shipments of electronic compo-
nents by U.S. producers in the
first quarter of 1962 were 4 per-
cent above the previous quarter’s
level and 18 percent higher than
the first-quarter level last year.

NAVY has selected General Preci-
sion, Inec.’s doppler navigation
system, AN/APN-153 V, for use
on ASW, instruder attack, and
early warning planes.

DELCO Radio div. of General Mo-
tors has been contracted by Army
Signal Supply Agency to improve
production techniques for the
germanium power transistor
(2N1858A). Goal is a device ca-
pable of a failure rate of no more
than 0.03 percent per 1,000 hours
of operation at a 90 percent con-
fidence level at 25 deg C.

electronics



Capacitors for Power Supplies o, v s e

WHICH DO YOU NEED--
FINE...or... SUPERFINE?

POWERLYTIC®
CAPACITORS
for 65 C Operation

With metal cases ranging from 13" diameter x
2% " long to 3" diameter x 4% " long, Type 36D
capacitors pack the highest capacitance values
available in these physical sizes. Their maximum
capacitance values range from 150,000 nF at
3 volts to 1000 uF at 450 volts.

COMPULYTIC®
CAPACITORS
for 85 C Operation

The Type 32D Series offers the ultimate in reliable
long-life electrolytic capacitors for computer serv-
ice. With case sizes similar to those of Type 36D,
these higher-temperature units have maximum
capacitance values ranging from 130,000 uF at
2.5 volts to 630 uF at 450 volts,

Both Powerlytics and Compulytics have all of the qualities you expect from
Sprague electrolytic capacitors—low equivalent series resistance, low leakage
currents, excellent shelf life, and high ripple current capability. They are
available with tapped terminal inserts, often preferred for strap or bus bar
connections, as well as solder lugs for use with permanently wired connections.

® R W

Popular ratings of Type 36D Powerlytics
are now available for fast delivery
from your Sprague Industrial Distributor.

SPRAGUE COMPONENTS

For complete technical data on Type 36D Powerlytics,
write for Engineering Bulletin 3431. For the full story
on “blue ribbon Type 32D Compulytics, write for Bul-
letin 3441B to the Technical Literature Section, Sprague
Electric Company, 35 Marshall St., North Adams, Mass.

CAPACITORS INTERFERENCE FILTERS
TRANSISTORS PULSE TRANSFORMERS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS
RESISTORS PULSE-FORMING NETWORKS
MICRO CIRCUITS TOROIDAL INDUCTORS
A3-46

September 14, 1962

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
ELECTRIC WAVE FILTERS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.
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FLIP Sl ) |
FLOP GATE

MASTER SLICE

DUAL HALF
GATE ADDER

(ACTUAL SIZE)

SOLID CIRCUIT semiconductor networks are
manufactured from pure silicon “master slice”
wafers (center illustration) which contain more
than 30 separate circuit bars. Customized inter-
connection patterns (four corner wafer fragments)
are then photo-etched in aluminum on “master
slice” wafers, producing completely integrated
semiconductor networks ready for packaging.

electronics
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...the first
economical

answer to
custom
circuits

Completed SOLID CIRCUIT semiconductor
network, enlarged 51, times.

SEMICONDUCTOR/COMPONENTS
DIVISION

September 14, 1962

Texas Instruments now offers you hundreds of variations in
SOLID CERQGUER semiconductor networks. Today
you can get the exceptional reliability and miniaturization benefits of
SOLID CIRCUIT semiconductor networks in many customized designs
— at only slightly more cost than standard, catalog circuits. The flexible
“master slice” design concept developed by Texas Instruments makes this
achievement possible. '

HERE’S HOW: First, standard “master slice” integrated circuit bars —
complete except for interconnections — are taken from established, high-
volume production lines. Second, a special interconnection pattern mask
for your circuit is prepared. Third, your special interconnection pattern
is photo-etched in aluminum on the “master slice” circuit bar.

YOUR BENEFITS: You get a complete semiconductor network, inte-
grating resistors, capacitors, diodes and transistors into a single, high-
purity silicon wafer — to your specifications. Evaluation samples can be
available within several weeks from final design approval. Because prep-
aration of the special interconnection pattern is the only custom step in
the manufacturing process, you get most of the economy and delivery
benefits of using standard TI production units.

Of course, “master slice” variations may not satisfy all your circuit require-
ments. Totally custom semiconductor networks — starting with the pure
silicon — can be designed by Texas Instruments to meet an even greater
variety of applications.

*Trademark. of Texas Instruments Incorporated

For more detailed information on how “master slice”
design offers you the first economical answer to
custom circuits, call your local TI Sales Engineer
or write to Department 370 today for this brochure.

‘~ TEXAS INSTRUMENTS

INCORPORATED

13500 N. CENTRAL EXPRESSWAY

P. O. BOX 5012 « DALLAS 22. TEXAS
19370
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DOD AWARDS TO
SMALL BUSINESS
AND DEPRESSED
AREAS UP

SENATE TO ACT
ON NEW PATENT
MEASURE

NASA REVEALS
SOVIET SPACE
FAILURES

12

WASHINGTON OUTLOOK

INCREASING VOLUME of military contracts to small business
and to companies in so-called labor surplus areas is pouring new fuel
on the simmering political controversy over the award of military orders.
Critics in Congress and industry complain that the military serivces are
placing too muech attention on social and political factors in placing
contracts while cost, efficiency and technical factors are frequently
down-graded. The critics, obviously, speak for areas which do not rate
procurement preference.

The facts are these:

Prime contracts to small business in fiscal 1962, amounted to $4.6
billion, or 17.7 percent of total procurement. This was nearly $1 billion
over the previous year’s rate.

Prime contracts to firms in labor surplus areas under a partial set-
aside program during July 1961—March 1962 were nearly double the
amount for the entire fiscal 1961, and triple the dollar volume in fiscal
1960.

The administration is caught between the need to bolster sagging
areas of the economy and its reluctance to use defense procurement as a
WPA-type project.

LEGISLATION BLOCKING possible trade conspiracy by requir-
ing filing with the patent office of private agreements in settlement of
patent interferences is taking the last Senate hurdle toward probable
adoption. The reports would become confidential, except to special parties
or agencies. The measure, opposed by some industry interests as forcing
disclosure of commercial secrets (i.e. license and royalty details of agree-
ments), passed the House, and this month went before a sympathetic
Senate Judiciary Committee. President Kennedy, in March, called for
publication of such agreements “in view of the potentially anti-competi-
tive abuses to which use of patents and trademarks are by nature sub-
Jject,” and because, “such agreements may include features designed to
weaken future competition at the expense of the consumer.”

“Recent experience,” reported the House Judiciary Committee in
recommending approval of the measure, “has indicated that parties have
sometimes used these interference proceedings in derogation of the public
interest . . . for the purpose of restricting competition.”

FOR THE FIRST time, the U. S. has told the Soviets—and the
rest of the world—just how effectively our electronic monitoring systems
perform. NASA revealed that on Oct. 10 and 14, 1960, the Soviets tried
and failed to send a pair of spacecraft to Mars; on Feb. 4, 1961, to Venus;
on Feb. 12, 1961 the trajectory to Venus was successful but communica-
tions failed; then on Aug. 25 and Sept. 1, 1962, two more Venus shots
failed.

Officials won’t say how the information was obtained nor why it was
released. Although the Central Intelligence Agency may have helped,
fact remains that our radar net is better than we thought; reason for
releasing the information may have been exasperation at constantly
hearing a lopsided version of the Soviet space effort.

electronics



RELIABLE products from RAYTHEON
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EXTRA PERFORMANGE
AT LOWER COST

= an PLUG IN

Specify Raytheon Reliable Receiving Tube Types

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

Video Pentode 6HB6, 15 HB6 — A unique Raytheon
grid winding makes possible twice as much sensitivity
as conventional tubes and increased voltage output.
This tube with transconductance in excess of 20,000
pmhos is ideal as a luminescence amplifier in color
TV; video amplifier in single-rectifier b&w receivers.
New Pentode-Diode 6GA7 — A horizontal amplifier
and damping rectifier, the 6GA7 utilizes a 12-pin
integral all-glass base. It delivers performance equiv-

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

Horizontal Amplifiers 6GES5, 12GES5, 17GES5 — New
12-pin integral all-glass base types are equivalents
of “-DQ6B” types with greater reliability and uni-
formity, plus exceptional performance on low-to-high
line voltage variations.

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

For small order and prototype requirements

see your local franchised Raytheon Distributor.

INDUSTRIAL COMPONENTS DIVISION

NEWTON 58, MASSACHUSETTS
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TRUSTWORTHY NAMES IN
IlELECTRICAL PROTECTION

Save Time

By using BUSS as your source for fuses, you can.

quickly find the type and size fuse you need. The com-
plete BUSS line of fuses includes: dual-element “‘slow-
blowing’’, single-element ‘‘quick-acting’’, and signal or
visual indicating types . . . in sizes from 1/500 amp. up—
plus a companion line of fuse clips, blocks and holders.

BUSS Trademark Is Your Assurance Of Fuses
Of Unquestioned High Quality
For almost half a century, millions upon millions of
BUSS fuses have operated properly under all service
conditions.

To make sure this high standard of dependability is

maintained ... BUSS fuses are tested in a sensitive

Q
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BUSS: The conipléte line of fuses and ,
fuse mountings of unquestioned high quality.

and Trouble by standardizing
on BUSS Fuses —You’ll find the right fuse

every time...in the Complete BUSS Line!

electronic device. Any fuse not correctly calibrated,
properly constructed and right in all physical dimen-
sions is automatically rejected.

Should You Have A Special Problem In Electri-
cal Protection ... BUSS fuse engineers are at your
service—and in many cases can save you engineering
time by helping you choose the right fuse for the job.
Whenever possible, the fuse selected will be available
in local wholesalers’ stocks, so that your device can be
serviced easily.

For more information on the complete line of BUSS

and FUSETRON Small Dimension Fuses and Fuse-
holders, write for BUSS bulletin SFB.

 BUSSMANN MFG. DIVISION
- McGraw-Etzgonm%'.smN
$t. Louis 7, Mo.

electronics



STACKPOLE—proved in service!

When it comes to stringent service requirements,
Stackpole measures up! Designed to meet or exceed
every MIL-R-11 requirement, Stackpole Coldite
70+ Fixed Composition Resistors bring in addition
extra load life, and moisture and humidity resistance
to a host of industrial applications.

For Extra Dependability, we mold Coldite 70+
resistance elements and outer insulating shells of
similar materials. A completely new process then
forms them into a solid, homogeneous structure that
defies catastrophic failure or erratic resistance
changes in severe environments.

Electronic Components Division
STACKPOLE CARBON COMPANY
$t. Marys, Penna,

-~

Easiest of All to Solder by Dip or Iron, Coldite
70+ Resistors are unequaled for production line
efficiency. They’re the only resistors, whose leads
are solder dipped — not once, but twice — besides
the usual tin coating. That’s why leads stay smooth
and tarnish-free even after months in storage.

Today's Best-Looking Resistors, Coldite 70+
combine handsome, glossy finish and uniform, easily-
read color codes. Their attractive appearance easily
survives scrubbing with solvents, They’re available
in MIL-R-11 Type RC-20 (%2 watt), Type RC-32
(1-watt), and Type RC-42 (2-watt) in all standard
resistance values and at ordinary resistor prices.

® Glorte 70

fixed composition RESISTORS

CERAMAG® FERRITE CORES o VARIABLE COMPOSITION RESISTORS o SLIDE & SNAP SWITCHES o RAMAGNET®
CERAMIC MAGNETS ¢ FIXED COMPOSITION CAPACITORS » BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT
ELECTRICAL CONTACTS « GRAPHITE BEARINGS, SEAL RINGS, ANODES e« HUNDREDS OF RELATED CARBON & GRAPHITE PRODUCTS,

September 14, 1962
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What’s your present job in electronics?

What will you be working on tomor-

row? Do you know the latest electronic

developments outside your particular

specialty that may affect your work? i

Below is a sampling of topics within e I e ct ro n I c s
the 3,000 plus editorial pages produced

per year by electronics’ 28-man edito-

sia st No mater where you vork |6 EDITED T0 KEEP YOU FULLY INFORMED

today, or in which job function(s),
lectroni ill k fully in-
:of;er::;c:n:;ectr::ii Z::inel;r.ySlllll:- ON AI.I. PHASES OF EI_EcTRONlcs
scribe today via the Reader Service

Card in this issue. Only 7% cents a copy
at the 3 year rate.

Rir aﬁi ‘
Control

Antennas Biophysics Capacitors Communications

Diodes &

Detectors Diode Circuits

Processing

Generators

ol

Miltary V . Plasma&wlori'
Electronics ’ , Engineering

. SWItEmess
Electronics Switching Circuits

Thin Films Transducers Transistors
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This Revolutionary New RGA Memory Stack
Completes A Full Cycle In 300 Nanoseconds With Only 350 ma Drive

Now, a major advance in Ferrite Stack
Design and Construction by RCA makes
65-Nanosecond Switching a reality.

Here is the industry’s first commercially available
Microferrite Memory Stack with complete read/
write cycle time of 300 nanoseconds at drive current
levels below 350 ma—mbit outputs of 50 mv.

This revolutionary two-core-per-bit word-address
system bypasses today’s experimental memory tech-
niques by using proved, reliable ferrite cores in a
high-density array of advanced design. Check these
important benefits:

® High Packing Density... 1,000 to 2,000 bits per
cubic inch.

@ Superior Stability and Ruggedness ... Printed
wiring assures positive, rigid contact to each
core. Planes designed to meet Military Mechani-
cal and Environmental Specifications.

@® Precision Uniformity . . . Mechanized fabrication
eliminates many hand-assembly variables.

@ Outstanding Reliability... Mechanized production
techniques permit more precise control of each
fabrication step—produce a rugged, high-relia-
bility structure.

@ Broad Capacity Range... Available in 32 word x
30 bit size, and in any multiple of this size.

@ Plug-In-Convenience. .. Each stack incorporates
standard plug connections for fast, easy installa-
tion.

® Complete Service... Whatever your require-
ments, custom or RCA standard, your local RCA
Semiconductor and Materials Division Field Rep-
resentative is prepared to provide a completely
coordinated application service for all RCA Com-
puter-Memory Products. Call him today at your
nearby RCA Field Office.

For complete technical information on new RCA
Microferrite Memory Stacks, write RCA Semicon-
ductor and Materials Division, Commercial Engi-
neering, Section FN9-2, Somerville, N. J.

THE MOST TRUSTED NAME IN ELECTRONICS

September 14, 1962

TENTATIVE DATA
TYPICAL DRIVE REQUIREMENTS AT 25°C

Amplitude Rise Time Duration
(ma) (nsec) (nsec)
Read Pulse 350 30 100
Partial
Write Pulse 230 L 5
Digit Pulse 70 15 85

BIT OUTPUT (Two-Core/Bit Word-Address)

Undisturbed Undisturbed
‘1" (mv) ‘0’ (mv)
Amplitude
Bit Sensing 60 12
Out-
Puts BiPofar
Sensing +50 —=50

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES
... EAST: Newark, N. J., 744 Broad St., HU 5-3900 « (Camden-
Philadelphia Area) Erlton, N. J., 605 Mariton Pike, HA 8-4802 «
Syracuse, N.Y., 731 James St., Rm. 402, GR 4-5591 - Baltimore,
Md., EN 9-1850 - NORTHEAST: Needham Heights 94, Mass., 64
“A" St., HI 4-7200 - SOUTHEAST: Orlando, Fla., 1520 Edge-
water Dr., Suite #1, GA 4-4768 - EAST CENTRAL: Detroit 2,
Mich., 714 New Center Bldg., TR 5-5600 » CENTRAL: Chicago,
M1, Suite 1154, Merchandise Mart Plaza, WH 4-2900 « Indian-
apolis 5; Ind., 2132 East 52nd St., CL 1-1405 - Minneapolis 16,
Minn., 5805 Excelsior Blvd., WE 9-0676 « Denver 11, Colorado,
Continental Terrace Bldg., Suite 301, 2785 N. Speer Bivd., 477-
1688 - WEST: Los Angeles 22, Calif., 6801 E. Washington Bivd.,
RA 3-8361 « (San Francisco Area) Burlingame, Calif., 1838 El
Camino Real, OX 7-1620 - Seattle 4, Wash., 2250 First Ave. S.,
MA 2-8816 - SOUTHWEST: Dallas 7, Texas, 7905 Carpenter
Freeway, ME 1-9720 - GOV'T: Dayton, Ohio, 224 N. Wilkinson
St., BA 6-2366 - Washington, D. C., 1725 “K" St, NW.,
FE 7-8500 - RCA INTERNATIONAL DIVISION, 30 Rockefeller
Plaza, New York 20, N. Y. Cable Address: RADIOINTER, N. Y.
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FACT

REQUIRED

Excellence In Receiver Selectivity With Minie
mum Component Population

SOLUTION:

4 Midland filters with guaranteed ultimate dise
crimination of more than 100 db with 60db/3db
BWR < 1.8 ' A low cost stock filter with vire
tually no insertion loss

Midland crystal filters are
the result of exact design
methods and real produc-
tion knowhow.

Facts are facts and filters are Midland’s busi-
ness. Their filter and crystal engineering skills
and facilities assure the user of top reliability
and performance. 3§ This is Midland’s Type
FB-5 crystal filter produced by the tens of thou-
sands — the only sure proof of production abil-
ity. It is an 8 pole — 6 zero precision network
that incorporates no added dissipative elements
in inband ripple control. Result: Superior selec-
tivity with essentially no midband insertion loss.
A quality production component with immediate
delivery. Engineering Bulletin NBS-103 is avail-
able detailing complete technical information,
Prices on request.

S8 Write for Midland's capabilities and facilities bros
chure, "Midland — in microspect”.

SPECIFICATIONS

Center Freq: 10.7 MC % 375 CPS

Bandwidth @ 6 db.: 13.0 KC Min. — 13.8 KC Max,

60 db/6 db BWR: 1.8 Max.

100 db/6 db BWR: 2.2 Max.

Ultimate Attenuation: 105 db. Min., 8 MC to 14 MC

Midband Insertion Loss: 0.5 db. Nominal, 1 db. Max.

Inband Ripple: 0.5 db. Nominal, 0.8 db. Max.

Operating Temp. Range: —55° C to}90° C

Zin/Zout Req: 1100 OHMS = 5% in parallel with ad-
justable capacitor 0-5 picofarads.

Dimensions: 23%” L x 1 W x 1%," H

[ J
MANUFACTURING COMPANY

Division Pacific Industries, Inc. )
3155 Fiberglas Road Kansas City 15, Kansas
CIRCLE 200 ON READER SERVICE CARD

NEW SMALL A.C. MOTORS

Here's big torque from a small, light weight MIL spec unit;
hysteresis synchronous motors produce 10 oz. in. maximum sync
torque, up to 20 oz. in. from induction types. Globe LC motors
weigh only 3 Ibs. 5 oz, are 3%,” dia. x 34" long (shorter or
longer, depending on performance desired). Where space and
weight are critical these motors permit extremely small package
designs for blowers, servo systems, actuators, etc. Available
with a variety of windings for voltages up to 208 v.a.c., 2, 4,
or 6 poles, 1 or 2 phase, 60 or 400 cycles, special or variable
frequency. Motors can be furnished with integral brakes and
special gear reducers. Write for Bulletin LC from Globe In-
dustries, Inc., 1784 Stanley Ave., Dayton 4, Ohio.

GLOBE
INDUSTRIES,
INC.

GLOBE
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Are you a
COMPLETELY
INFORMED
electronics
engineer?

Today you may be work-
ing in microwaves. But
on what project will you
be working tomorrow?
You could have read
electronics this past year
and kept abreast of, say, microwave technology.
There were 96 individual microwave articles be-
tween July, 1961 and June, 1962!

But suppose tomorrow you work in some area
of standard electronic components, in semiconduc-
tors, in systems? Would you be up-to-date in these
technologies? Did you read the more than 3,000
editorial pages that electronics’ 28-man editorial
staff prepared last year?

electronics is edited to keep you current wher-
ever you work in the industry, whatever your job
function (s). If you do not have your own copy of
electronics, subscribe today via the Reader Service
Card in this issue. Only 7% cents a copy at the 3
year rate.

electronics

electronics
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NEED FAST ACTION ON LOW-VALUE OVERLOADS?

With the Heinemann Type C Relay’
you can specify the precise
time-delay-vs-overcurrent response you want

Where protection requirements are especially criti-
cal, you’d do well to consider the Heinemann Type C
Overload Relay. Within broad overall limits (defined
by the grey area on the above graph), it can give
you the exact response characteristics you need.

In fact, there is probably no other protective
device that can match its capabilities. The relay can,
for example, provide time-delayed tripping at a

low 115% load, with high-speed tripping at only|

300% load. This, in comparison with thermal-type
protectors, verges on the astonishing.

1962

Equally important, the relay can be had in the
precise continuous-duty current rating you require.
If you need a rating of 0.7 or 11.5 amps, you can
get it. No compromise necessary.

And no derating, either. The Type C Relay is
magnetically actuated (time delay is hydraulically
controlled). Its rating and trip points are completely
unaffected by ambient temperature.

The Type C is available in three models: auto-
matic reset, auto reset with trip indication, and
manual reset. Bulletin 5103 describes them all and
gives detailed tech data. Write for a copy.

~ HEINEMANN

&7 ELECTRIC COMPANY
2600 Brunswick Pike, Trenton 2, N. J.

SA 2595
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IQSY PARTICIPANTS

Thirty-six countries will partici-
pate in IQSY. They are: Argen-
tina, Belgium, Canada, France,
Czechoslovakia, Denmark, Finland,
German Federal Republic, Hun-
gary, India, Ireland, Italy, Japan,
Korea, Malagasy Republic, Nether-
lands, Poland, Republic of South
Africa, Spain, Switzerland, Tai-

wan, United Kingdom, USA,
USSR, Australia, Bolivia, Chile,
Iran, Yugoslavia, Mexico, New

Zealand, Pakiston, Rhodesia, Ny-
asaland, Rumania and Vietnam

REF AND SWITCHING
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RIOMETER is used to measure degree of ionosphere absorption of radio
waves., Most tests will be in the polar regions, where radio waves reflected
from the ionosphere are often completely blacked out

Scientists Prepare to Study Quiet Sun

Commumnications industry
hopes to benefit from
solar activity studies

SOLAR STORMS and their effect
on communications will be more
clearly understood—scientists hope
—as a result of the International
Year of the Quiet Sun (IQSY)
program.

Thirty-six nations will partici-
pate in the program during 1964-
65, a period when solar activity is
at a minimum for the first time
since concentrated studies of the
sun began. Solar activity runs in
an eleven year cycle. Studies of a
period of high activity were con-
ducted during the International
Geophysical Year (IGY).

New experiments are being de-
vised for IQSY to obtain further
information about the electromag-
netic waves and corpuscular radia-
tion emanating from solar activity.
In addition, several experiments be-
gun during the IGY will be con-
tinued, after modification to take
advantage of the fact that solar
outbursts, being at a minimum, will
be relatively isolated.

PROJECTS—Solar patrols begun
during IGY will be continued, as
will studies of geomagnetism, aur-
ora and airglow, the ionosphere
and cosmic rays. Newly developed
experiments will include a series of
optical, radio, radar and magnetic
observations.

Sun-earth relationship studies to

20

be developed for IQSY will include
investigation of particle events,
flare effects in the ionosphere, the
solar daily geomagnetic-field varia-
tion in the Pacific, geomagnetically
trapped radiation and micropulsa-
tions.

Aeronomy studies will include in-
vestigations of the density struc-
ture of the atmosphere, electron
density and structure of the iono-
sphere, ionospheric motions, air-
glow relationship and red arcs, and
ozone. Cosmic ray studies will in-
clude investigations of the primary
cosmic ray spectrum, latitude ef-
fects and variations in cosmic ray
flux.

In addition to the on-ground proj-
ects mentioned, NASA will launch
several satellites designed to sup-
plement information received from
ground experiments (ELECTRONICS,

COSMIC RAY
station in Mc-
Murdo Sound,
Antarctica, is
maintained by the
Bartol Research
Foundation

p 87, November 17, 1961). These
satellites will be similar to the Or-
biting Astronomical Observatory
(p 22, February 23) and Ariel (p
32, April 20), both launched this
year. An advanced Orbiting Solar
Observatory, now under develop-

ment, is scheduled for launch in
1965.
RIOMETERS — Relative iono-

spheric opacity meters (riometers),
used to measure the degree of ab-
sorption of radio waves by the iono-
sphere, have improved considerably
in design since they were first built
for use during IGY.

Extensive use in polar regions
during IQSY is expected to further
clarify the phenomena of polar cap
absorption. Absorption is so strong
in the polar regions that radio
waves reflected from the ionosphere

electronics



are often completely blacked out.

Riometers are usually used to
measure cosmic radio noise in a
frequency range of 20 Mc to 50 Mec,
above the critical frequencies of the
ionosphere. By comparing the in-
tensity of the cosmic noise at any
time with the expected intensity
under normal ionospheric condi-
tions, the ionospheric absorption of
the signal can be measured.

The input signal from an antenna
(see diagram) is continuously com-
pared with a signal from a noise
diode source. When the signals
differ, the error signal derived from
the receiver output is amplified and
applied to a phase sensitive de-
tector. The d-c¢ output of the de-
tector is positive or negative, de-
pending on which of the two input
signals is stronger. The magnitude
of this output is a function of the
difference in amplitude of the an-
tenna and noise diode signals.

This phase sensitive detector out-
put is then applied to a control am-
plifier, which is used to regulate
the filament voltage of the noise di-
ode such that its output signal is
equal to the antenna signal. By re-
cording the current flowing in the
noise diode, a direct proportion to
the noise power of the antenna sig-
nal is obtained.

The Geophysical Institute at the
University of Alaska presently has
one of the longest runs of contin-
uous riometer data, riometers there
having been in operation since 1957.
During IQSY, the Geophysical In-
stitute will operate six riometers
throughout Alaska, plus a seventh
unit at Thule, Greenland.

TYPICAL PROGRAM—Belgium’s
proposed program for IQSY is typi-
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RADIOACTIVE
radiwm element is
placed in cosmic
ray neutron mon-
itor pile at Bartol
Research Foun-
dation’s Antarec-
tica base

cal of the proposed programs an-
nounced by several of the partici-
pating  countries. Geomagnetic
studies will involve recording the
geomagnetic field and earth cur-
rents. Recordings of the spectra
of the night sky will be used to
make studies of aurora and airglow.

The Geophysics Center at
Dourbes, Belgium, will make meas-
urements aimed at helping to un-
derstand the ionosphere. Cosmic
radiation observations will also be
made at the center.

Solar activity studies include the
use of radio astronomy and optical
observations. Meteorology studies
will be undertaken at the aerology
station in Uccle.

Analyzer Checks Computer

Circuits in 45 Seconds

FAULT-ISOLATION device, a com-
puter chassis analyzer, has been de-
veloped by the Martin Co. The an-
alyzer is able to isolate computer
logic malfunctions down to the
gate and wire level, checking an en-
tire computer chassis in from 15
seconds to 45 seconds.

Punched tape commands control
the logic of the analyzer, which is
capable of checking all wiring and
components comprising the logic
paths of a chassis, as well as con-
sidering multiple errors. Tests on
logic paths are conducted in a spe-
cific order.

Test results showed that 218
gates and 600 wires could be
checked in a time-frame ranging
from 0.9 sec to 7.0 sec. Martin said
it has no immediate plans to market
the analyzer.

“Nothing is impossible to diligence and skill”
Samuel Johns

These are the trademarks
of some of our customers—
each an important contrib- §
utor to a dramatically
growing industry. We at
Potter pledge our diligence
and skills to this growth
through a constantly
expanding program of

research and development.

Model LP-1200
High Speed
Printer adds
new versatility

to modern computer systems. This high-
performance, extremely reliable
printer provides speeds of 1000 lines
per minute with a maximum of 160
columns. An optional Format Control
feature permits multi-page forms or
books to be printed with completely
flexible horizontal or vertical format
and up to five carbons.

The Potter LP-1200 reflects the engin-
eering-knowledge gained from exten-
sive experience and research in high-
speed printing. Solid-state modular
electronics enhance reliability and
sturdy, simple mechanical design
readily adapts to meet customer
requirements.

Three models are available: LP-1200—
160 (160 columns), LP-1200—-132 (132
columns) and LP-1200—80 (80 columns).

Write for specifications.

Manufacturers of:

® Digital Magnetic Tape Systems
® Perforated Tape Readers

® High Speed Printers

- ©®Data Storage Systems
POTTER INSTRUMENT CO., INC.
Sunnyside Boulevard + Plainview, New York
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It’s more than likely you’ll find the magnetic perform-
ance you need when you order motor or transformer
core laminations from our stock of standard shapes.
Though they’re available right off the shelf, they’re
designed within exceptionally narrow limits to meet
specific performance designations. Standard shapes can
be supplied in most grades and gages of silicon, soft
magnetic iron or nickel alloy material. Special shapes

can be made to your specifications on short notice.

You can be sure of highest quality in Magnetic
Metals laminations—quality achieved through custom-
selection of material, rigidly controlled methods of man-
ufacture, ultra-precise tooling and stamping, special
skills in annealing. Write or call today for a discussion
of your lamination requirements. MAGNETIC METALS
CompPANY, Hayes Avenue at 21st Street, Camden 1, N.J.

OFF-THE-SHELF LAMINATIONS

- o . . T
transformer laminations e motor laminations e tape-wound cores e powdered molybdenum permalloy cores e electromagnetic shields @
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...with specific performance designations
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NOW
store transients
with your standard
oscilloscope

Medical Research

Most oscilloscope users find applications
where the ability to store traces of fleeting,
non-recurring transients would save much
time, effort and expense. Until now, oscillo-
graphic storage capability required invest-
ment in larger, more expensive storage
instruments for which only limited use might
be found.

The new HUGHES MEMO-CORDER multi-
function storage unit changes all this. A
precision instrument for laboratory or pro-
duction use, it is compact and highly port-
able. You can use it anywhere. The MEMO-
CORDER indicator is readily connected and
adaptable to most conventional oscillo-
scopes. Gives you oscillographic storage
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Missile Test

Environmental Test

Use a HUGHES MEMO-CORDER* Storage Instrument’

when and where you want it. And best of
all is its moderate price.

Added capability! Matched amplifiers
make the Hughes MEMO-CORDER indicator
an ideal instrument for X-Y plotting. Excel-
lent as a read-out or display device for
systems applications.

Quality Control

OPERATING
CHARACTERISTICS

Sensitivity: 0.25 v/div.
Bandpass: DC to 1.25 MC +
Rise Time: less than 0.27 us
Writing Speed: 108 in/sec.
Erase Time: less than 150 ms

Ask Hughes for full information on how you can add
storage capability to your present oscilloscopes with
the MEMO-CORDER storage unit. Write, wire or tele-
phonetoday HUGHES INSTRUMENTS,VACUUM
TUBE PRODUCTS DIVISION, 2020 Short Street,
Oceanside, California.

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

%TRADE-MARK, HUGHES AIRCRAFT COMPANY

Creating a new world with Electroni

HUGHES AIRCRAFT COMPANY

cs

VACUUM TUBE PRODUCTS DIVISION
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Before you order...check NYLO-FAST. FASTENERS!

Lightweight! }
Yet so strong §

you can drive them

Immediate delivery from our
large stocks which include Nylon,
Delrin, Teflon, P.V.C., Lexan, etc.
10 different formulations! Write,
wire, or telephone today for the
facts!

Cut electronic
assembly costs!
Use in 101
other ways!

Have you investigated what NYLO-FAST® Fast-
eners can do for you? They’re colorful, strong —
yvet 1/6 the weight, chemical resistant, heat resist-
ant, elastic, resilient, and non-conducting! You’ll be
surprised to discover how many ways NYLO-FAST®
Fasteners can serve you—BETTER! Write for com-
plete information.

LEADING MANUFACTURERS OF STAINLESS STEEL AND NYLON FASTENERS!

METAL PRODUCTS COMPANY, Inc.

CASTLETON-ON-HUDSON 10, NEW YORK
CIRCLE 220 ON READER SERVICE CARD

Is it ancient history by the time you see electronics?

Get the facts while they're new. Don’t wait for electronics on a route slip. Look in this issue for the
. Reader Service Card. Fill out and mail the ‘‘for subscriptions’’ section. Only 714, cents a week.

electronics A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36
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MEET US AT THE SHOW!

Our Industrial Represen-
tatives will be at the
FLORIDA DEVELOPMENT
COMMISSION BOOTH at
the NATIONAL ELEC-
TRONICS CONFERENCE to
answer your questions
about FLORIDA.

Investigate

HFlorida

Men of vision thrive here. And it takes men of vision to
cope with today’s electronics and space problems. Space
in more ways than just up. Space problems of a different
nature plague the manufacturer who must expand, but
hasn’t the land to expand on.

Here in Florida we have the space, the climate, the
work force. Florida has more to offer electronics firms
than any other area on earth. Men think better where
life is pleasant, where off hours can be devoted to just
plain /iving—and to just plain thinking.

Yes, Florida is a Solid State in Electronics. Already
the sun, Mother of Life, shines on over sixty thriving
electronics firms in our busy state.

Cape Canaveral is here, too, with its massive, awesome’
missiles blasting off to make space history. Electronics
makes possible every thrust into the universe. Every hope
of getting to the moon depends upon electronics—and
the first American to the moon will definitely soar to
history from Florida.

Engineers -and their families dream of living here
in Florida. Give them this dream by moving your plant
here. Nurture the brains that will give your business a
greater and greater stature in this, the Electronics Age.

For complete details of the many advantages Florida
offers the Electronics Industry, write us. Let us tell
you why some of the greatest names in electronics have
impressive plants here in Florida.

FLORIDA’S ASSURANCE POLICY

““You have my personal assurance of a sunny business climate here in Florida. You
have positive assurance of every aid and assistance possible from our Florida
Development Commission and from the overwhelming majority of our businessmen,
industrialists, and financiers. We have everything to make your large or small
enterprise healthy and successful. Write, wire, or phone us TODAY. The only
thing better than a FLORIDA vacation is having your plant here.”

Lo

...A 10 BILLION DOLLAR MARKET

Ask about free
film “Profile

of Progress”
FLORIDA FOR
CONVENTIONS —
Write for free
information on
Florida's wonderful
facilities for your
group meeting.

1962

September 14,

Mr. Wendell Jarrard, Chairman
FLORIDA DEVELOPMENT COMMISSION

Box 4247-B+ Tallahassee, Florida .
Firm Name..........

FARRIS BRYANT
Governor

r—————————————————-———-—————-

Please send me brochure, ‘“Why Your New Plant
Should Be Located In Florida,” containing the

facts about FLORIDA’s opportunities for New  Address...................

Industry, the 10 BILLION DOLLAR CON-
SUMER MARKET, Labor, Climate, Schools,

Natural Resources, Favorable Tax Structure. City

CIRCLE 25 ON READER SERVICE CARD

.Zone

State..........
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Industry Help Sought in Airspace Utilization

Computers and displays
will help attain goal
of faster delivery

ATLANTIC CITY, N.J.—Philos-
ophy and design of the nation’s air-
space utilization system up to 1975
will not deviate from the present
philosophy nor will the design call
for revolutionary changes.

A 733-page report, prepared by
the Federal Aviation Agency’s Sys-
tem Design Team and released on
a limited basis late last month, em-
phasizes that the plan is evolution-
ary, not revolutionary.

Reasons for this approach are
numerous: the present system, al-
though not adequate for the future,
is basically a good one. About $1
billion is already invested in it. The
present system could not be junked
overnight even if some cure-all
concept were available—the FAA
doesn’t have the money, flight oper-
ations could not be interrupted, nor
could users afford to outfit their

-
COMMUNICATIONS
\V/%

planes with the new gear.

The System Design Team’s plan
does predict air-traffic conditions
through 1975, the control that must
be exercised from now until 1975,
the kind of subsystems that can and
can’t be used, and the performance
required of these subsystems.

How the technical problems will
be solved and what form some of
the subsystems will take is left up
to the engineering community, both
in FAA and industry.

Here is the objective of the pro-
gram: to deliver better informa-
tion, more quickly, to the individual
requiring it. The big push, there-
fore, will be toward improved data
acquisition, automation wherever
possible, better data processing and
electronic displays.

DATA PROCESSING—Computers
to process information and elec-
tronic display consoles to present
it both must be bought outright.
These two items represent probably
the biggest innovation in the new
system. Those control centers now

RADARS AND RADAR BEACONS

|

equipped with computers use them
as aids to their manual method of
operation, and electronic displays
are virtually nonexistent. The new
system calls for automated control
centers.

Whether one computer will
handle a center, its several terminal
areas, and a number of towers, has
not been decided. Probably, each
center will represent a different
problem and each solution will be
an individual one.

RADAR—Wohile acquisition of posi-
tion data by radar will be improved
by upgrading present equipment
rather than installing new gear,
there has been one major decision:
the problem of determining air-
craft elevation for the controller
on his radar scope without voice
communication with the planes has
been resolved in favor of automatic
transmission of altitude informa-
tion by airborne radar beacon trans-
ponders.

FAA would like to have a trans-
ponder or secondary radar system

)
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System Design

that would save money by eliminat-
ing primary radars that skin-track
aircraft not carrying beacon trans-
ponders. There are still, however,
unresolved technical, economic and
political problems in such a move.

The big height-finding radar at
the National Aviation Facilities Ex-
perimental Center (NAFEC), At-
lantic City, N.J. will, nevertheless,
continue to undergo tests. Con-
ceivably, busy terminals will one
day be equipped with height-finding
radar. Until 1975, however, FAA
will rely on beacons as well as pri-
mary radar.

One change in viewpoint is the
new acceptance by FAA of com-
posite displays from a number of
radars and from computer-derived
data. Alphanumeric information
will be displayed, as well as extra-
polated position of airecraft during
poor radar reception.

Air-defense radars and FAA ra-
dars will be remoted to centers by
microwave links and narrow-band-
ing techniques. The latter will be
introduced slowly and may become
the major remoting method of the
future. This technique will enable
a single controller to monitor a
greater geographical area and will
fit in with the plan to cut down on
the number of centers in the na-
tional system.

NAVIGATION — Ground-based
navigation will continue to be VOR-
TAC (vhf omnirange and Tacan).
Distance Measuring Equipment
(DME) will be required for IFR
(instrument flight rules) opera-
tions in terminal areas. Pictorial
displays to be used by the pilot
will not be required before 1975,
but continued development of this
gear is encouraged. NAFEC’s Ex-
perimental division findings indi-
cate that such gear would be help-
ful to the air traffic control (ATC)
system. The division’s findings on
the possible value of airborne dop-
pler navigation sets in ATC is not
yvet complete.

LANDING AIDS — At airports
meeting specified traffic criteria ILS
(instrument landing system) or
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By JOHN F. “IASON, Associate Editor

GCA (ground-controlled approach)
will be used for final approach and
landing. Other landing aids under
evaluation at NAFEC include: a
modified version of Bell Aircraft’s
GSN-5, designated GSN-5A, to be
ready in December for testing; the
British Bleu, a system that may
use either the ILS localizer or mag-
netic leader cables for alignment
with the runway, and North Ameri-
can Aviation’s Autonetics Division
APN-114, which provides a verti-
cal measuring unit to be used with
the ILS localizer. In the Experi-
mentation division, two breadboard
systems are being examined: Gil-
fillan’s Regal, which has achieved
range elevation angles with a 0.05-
deg accuracy; and Airborne Instru-
ments Laboratory’s Flarescan, a
system based on angular measure-
ment rather than distance.

Final recommendation from
NAFEC may be a composite sys-
tem using the best techniques being
examined. Already of aid to the
project is an improved ILS direc-
tional localizer that uses a 117-ft
wave guide. NAFEC is now ex-
perimenting on a new one 300 ft
long.

COMMUNICATIONS—The system
will depend on direct pilot-controller
ground-air-ground communications
for control. The equipment to be
used is two-way vhf/uhf voice ra-

dio with 50-Ke¢ vhf channel selec-
tivity.

Actual advances in communica-
tion techniques will not be pushed
until the amount of communications
that will be needed is determined.
Automatic data link from pilot to
controller providing periodic flight
data plus the use of computers in
control centers may obviate the
need for increased voice communi-
cation. A number of companies are
working on automatic data links.

WEATHER — NAFEC has pro-
duced a system design for a weather
system that is now being studied
by the Weather Bureau and the
Department of Defense. The goal
is to deliver useful weather infor-
mation to the pilot and controller
in time for them to use it. New
sensing devices, communications,
data processing and display equip-
ment are being proposed. FAA is
now handling the U.S. portion of
the Air Force 433-L global weather
information system. USAF is in
charge of the areas outside the U. S.

COLLISION-AVOIDANCE — Both
collision avoidance systems (CAS)
and pilot warning instruments
(PWI) are still hopes for the fu-
ture. Techniques proposed to date
did not interest the design team
sufficiently to include them in their
pre-1975 plans.

Radiation Won’t Alter NASA’s Plans

NASA DOES NOT now plan to re-
schedule any of its satellite launch-
ings because of the increased radia-
tion in space from the U.S. July 9
nuclear test. A spokesman told
ELECTRONICS that NASA had con-
sidered delaying some launches but
decided to go ahead as planned; one
advantage would be acquisition of
more data on the exact nature of
the radiation belt.

Also, a DOD spokesman said, no
military satellites have been de-
layed by the new radiation.

According to an AEC-DOD an-
nouncement, the inner Van Allen

belt has been extended to lower
altitudes, and within the natural
belt there is a ‘“substantial and
greater than anticipated increase”
in radiation intensity that may per-
sist for years. Electron densities at
the lower altitudes were said to be
disappearing as predicted, however.

The new radiation is reported to
have damaged solar cells in Navy’s
Transit IVB and Traac satellites
and the U. S.-British Ariel satellite,
and halted transmission. The alti-
tudes of these satellites, however,
are above those planned for manned
flights in the near future.
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Military Maintainability Specs
Aim at Simplifying Repair Jobs

Military’s outlook on
maintenance problems
featured at conference

DENVER—Maintainability speci-
fications in military contracts and
the military’s concern about elec-
tronic equipment maintainability
were highlighted at the recent
Fourth Conference on Maintainabil-
ity of Electronic Equipment spon-
sored by EIA and the Department
of Defense. It was held at the Uni-
versity of Colorado.

Conducted in a new symposium
format, the conference featured 15
workshops for each of five main-
tainability areas. The workshops
were devoted to discussion of data
and material, evaluation of tech-
niques and endorsement of method-
ology for assuring optimum main-
tainability of the design product.

The five areas were personnel and
training, testing techniques, de-
sign configuration, trade-offs and
design reviews.

The only session that did not use
the workshop format was con-
ducted by a DOD spokesman who
gave the 250 convention delegates
the latest information on proposed
specifications of maintainability
for military equipment.

MILITARY—The Air Force is now
using management maintainability

specifications for systems and
equipment procurement, reported
Major W. P. Crumpacker, Air

Force Systems Command head-
quarters.

“It is our policy to apply this spe-
cification (management maintain-
ability), as well as quantitative
maintainability requirements, in
all system and equipment con-
tracts,” he said.

MAINTAINABILITY SPECIFICATIONS

AIR FORCE—has adopted MIL-M-26512B (USAF), 23 March 1962, super-
seding MIL-M-26512A (USAF), 5 December 1960, a speci-
fication detailing maintainability requirements for aero-
space systems and equipment.

—has adopted AFR 66-29, 17 January 1962, a regulation
stating Air Force policy, responsibility and basic procedures
for the USAF maintainability program for systems, sub-

systems and equipment.

—has adopted AFSCR 80-9, 26 December 1961, a regulation
applying to all elements of AF Systems Command respon-
sible for conduct of current and future AF research, de-
velopment and production programs.

ARMY

—has drafted a specification, adapted from MIL-M-26512B

(USAF), revised 1 Junme 1962, a proposed specification
dealing with maintainability requirements for Army Ord-
nance Missile Command contracts. It contains as an annex
an extract from MIL-M-11991A (ORD), 30 April 1959, a
general specification for electrical-electronic equipment,
surface and guided missile weapon systems.

—has adopted SCL-4301B, 29 March 1962, superseding SCL-
48014, 19 January 1962, a Signal Corps technical require-
ment detailing maintainability design requirements for

signal equipment.
NAVY

—has adopted MIL-M-23313 (SHIPS), 12 June 1962, a speci-

fication detailing maintainability requirements for ship-
board and shore electronic equipment and systems
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G. Sibthorp, Army Office of the
Deputy Chief of Staff for Logistics,
reported that separate specifications
have been or are being prepared for
the two major categories of Army
electronic equipment: communica-
tions/electronics and missile sys-
tems.

The communications/electronics
specifications are composed of three
parts: generalized maintenance re-
quirements, a compendium of design
features whose absence from an
equipment would be detrimental to
the ease of maintenance, and spe-
cific requirements, constraints, and
guidance pertinent to the particular
equipment under development.

Missile system specifications are
based on several concepts. Com-
plexity of maintenance should be
minimized through design. Mal-
function recognition and faulty
component identification should be
rapid and positive. Repair and
service of equipment should be
simple. It is expected that in
future missile system contracts an
adaptation of maintainability spe-
cifications developed by the Air
Force will be used by the Army.

AUTOMATION—A tendency to-
ward the adoption of the philosophy
that automatic test equipment
should extend man’s capabilities
rather than replace man was cited
by J. Cooper, of Thiokol Chemical,
at one of the trade-offs section
workshops. He proposed a main-
tainability concept using this phil-
osophy.

Cooper suggested the possibility
of a machine that gives a series of
logical alternatives to the cause of
a malfunction, obtaining these al-
ternatives from the specific symp-
toms given to the machine. The
maintainance technician  would
then be provided with a limited set
of actions to take to track down the
malfunction. In this way, automa-
tion would extend man’s capabili-
ties, leaving the final decision up
to him, instead of replacing him.
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Contracts Let for Gemini
Command and Display Gear

DIiGITAL COMMAND system, for the
two-man Gemini orbital space pro-
gram, will be developed by Motor-
ola’s Military Electronics Division.
Decoders, r-f command receivers
and a buffer storage unit will be in-
stalled in the spacecraft to receive
command signals from the ground
and convert them for control of the
various spacecraft systems. Motor-
ola components and equipment used
in the Mariner program will be re-
designed to fit Gemini needs.

A flight director-attitude indi-
cator, to be developed by Lear Sieg-
ler, Inc., will be the central control
display for Gemini. The single pic-
torial display, indicating the space-
craft’s attitude in roll, pitch and
yaw in relation to the horizon, will
depict corrections in attitude that
must be made during launch and in-
sertion, in orbit and at time of re-
entry.

Lear is also developing control-
display systems to be used in other
manned air and space vehicles, un-
der a $500,000 USAF contract.
Five systems, three of which are
intended for flight evaluation in
the X-15, will be developed. The
systems are a combined tempera-
ture, velocity and angle-of-attack
display, a computer programmer, a
flight director mode selector, a
three-axis rate sensor, and a wing
temperature and yaw angle display.

War Games Score Keeper

TILT, e device that shoots infrared
beams instead of bazooka shells,
keeps score in war games. It was
developed by Raytheon
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ML-8087

Precision
Scan
Conversion
Tube

Fast
Erase
High
Resolution

1 High resolution: a minimum of
180 range rings/diameter at 50%
amplitude modulation; equivalent
to 900 TV lines.

2 Fast erase: less than 2 seconds
erase cycle to reduce stored
information to noise level.

3 Wide storage range: to meet FAA
1213b specification and beyond.

4 High signal/noise ratio, typically
80:1 (peak signal to rms noise).

5 Rapid set-up time: only a few
minutes installation time is re-
quired to adjust tube for optimum
operation. No need for critical
dynamic focussing of electron
beams.

6 No variation of output signal with
size of written area.

7 Only simiple video circuits are
needed for readout.

Send For Data
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SPRAGUE
PIEZO-
ELECTRIC
CERAMIC
ELEMENTS

ELEMENTS
FOR ALL
" APPLICATIONS
= AS WELL AS
COMPLETE
TRANSDUCER ASSEMBLIES
FOR MOST APPLICATIONS,
SUCH AS UNDERWATER
SOUND AND
VARIOUS ORDNANCE AND

MISSILE DEVICES.

Sprague-developed mass production
and quality-control techniques assure
lowest possible cost consistent with
utmost quality and reliability. Here
too, complete fabrication facilities
permit prompt production in a full,
wide range of sizes and shapes.
Look to Sprague for today’s most
advanced ceramic elements — where
continuing intensive research prom-
ises new material with many proper-
ties extended beyond present limits.

YOUR INQUIRIES
ARE INVITED

WRITE FOR
2 LITERATURE
SPRAGUE ELECTRIC COMPANY

33 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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MICROMODULES will be used in a family of combat radios. At left is

the conventional AN/PRC-25 case now equipped with micromodule circuits.
At right is the AN/PRC-51 micromodule radio transmitting, with micro-
module receiver clipped to the soldier’s helmet

Micromodules Show Durability
Plus Radiation Resistance

Micromodules reaching
production stage have
high reliability

RELIABILITY of micromodules
going into production (ELECTRON-
Ics, p 7 Sept. 7, and p 37, this
week) has been proved in a full
range of environmental tests, RCA
engineers told ELECTRONICS last
week. In addition, they were found
to have a radiation resistance
equivalent to three years exposure
in the Van Allen belt.

TEST RESULTS—Over 6,000 com-
ponent wafers or elements, built up
into 800 micromodule circuits ex-
hibited a mean time to failure of
63 million hours (for the elements).
All elements were under high stress
at 60-percent confidence level.

Solder connections in the modules
were tested to a total of over 250
million electrical-connection hours
with no circuit failure. These tests
were run at temperatures close to
the junction temperatures of the
transistors—75 degrees C with
germanium transistors and 125 de-
grees C with silicon transistors.
Although all connections, to date,
have been solder type, RCA engi-
neers said they are also working
on welded connections.

Radiation tests were made in the
Princeton atomic reactor in a neu-
tron field equivalent to 5 X 10" neu-
trons/cm’.

One micromodule was shot out
of a howitzer, subjecting it to 20,-
000 g’s. In a first test, the module
suffered an external failure due to
an improper mounting of its pins in
the module base, but in a repeat

CIRCUITS — Microwafers,

test, it survived without failure.
origi-
nally intended for single compo-
nents such as resistors, capacitors,
inductors, crystals, transistors and
diodes, are in some cases now made
with multiple components and are
compatible with other microelec-
tronic techniques being developed.

For example, one micromodule
has been constructed with three
wafers, each wafer mounted with a
Texas Instruments Solid Circuit
package. Designed for logic cir-
cuits, the module wafers hold two
gates, two emitter followers and
one flip-flop.

RCA is also working on other
techniques using solid ceramic cir-
cuits. This work, in cooperation
with the Signal Corps, is aimed at
constructing an advanced computer
for the field army.

Micromodules, it is claimed, can
be used for almost all low-power,
transistor-type circuits now being
used in military equipments. Over
500 different kinds of germanium
and silicon transistor-type circuits
have been designed, of which more
than 120 have been fabricated for
communications and control func-
tions. More than 85 digital circuits
for computer applications have been
demonstrated thus far.

Signal Corps’ Micropac computer
will employ over 10,000 micromod-
ules. It occupies 2.7 cubic feet,
weighs 90 pounds, and requires 250
watts d-c power. The unit is to be
delivered to the Army for testing
in November. Micromodules are
also being applied to a family of
combat portable radio receivers,
transmitters and other equipment.

electronics



New from Bendix

200 VOLTS 600 VOLTS 1500 VOLTS 2000 VOLTS 3000 VOLTS

E-200 HIGH TEMPERATURE CAPACITORS
Operable to +200°C.

The Bendix® E-200 series of lightweight, small to a Bendix specification which is patterned
size capacitors is designed for installations re- after the high reliability specification MIL-C-
quiring a high degree of component reliability 14157B, proposed.
at operating temperatures as high as 200°C. Hermetically sealed in tubular or rectangular
High temperature capability and mica-like housings, these capacitors offer superior resist-
electrical characteristics enable the E-200 series ance to mechanical and climatic environments.
to withstand extremely high orders of AC in E-200 CHARACTERISTICS: * Wound mica papers
small envelope size at all ambients under 200°C. Solid impregnants * Exceptional stability * High insulation
The new series is designed and manufactured resistance * Radiation resistance * Outstanding dependability

For full details, write Scintilla Division, Sidney, New York

Scintilla Division Y. 2%/

CORPORATION

Canadian Affiliate: Aviation Electric, Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y.
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HOW WE

JMRNA

TEFLON

Why Gudebrod’s Common Sense
Approach to Lacing Problems
Pays Dividends for Customers!

Some years ago motor manufacturers had a problem! They required a high
temperature lacing tape that would not deteriorate during the baking
process of motor manufacture and would be practical in its application.

Teflon offered the most practical solution to the problem since it provides
a temperature range from —100°F to 500°F. We took teflon and flat braided
it—we originated the process—but what about shrinkage? When teflon is
baked it shrinks . . . it would cut thru fine motor wires!

To meet this problem, we developed an exclusive pre-shrunk process for
teflon. This patented process pre-shrinks teflon so that the maximum shrink-
age is less than 3% after 16 hours at 425°F. We call this lacing tape Pre-
Shrunk TEMP-LACE. Motor manufacturers use it in great quantities.

Pre-shrinking teflon is but one of the many processes we have developed to
meet the needs of customers. Whatever your lacing needs—nylon, glass,
dacronf, fungus proofing, color coding—Gudebrod’s common sense ap-
proach to the problem will pay dividends for you because

1. Gudebrod lacing tape increases production!

2. Gudebrod lacing tape reduces labor costs!

3. Gudebrod lacing tape means minimal maintenance after installation !

4. Gudebrod is quality—our standards for lacing tape are more exacting than
those required for compliance with MIL-T'!

Write today for our Technical Products Data Book which explains the many
advantages of Gudebrod lacing tape for both civilian and military use.
Address your request and your lacing tape problems to Mr. F. W. Krupp,
Vice President, Electronics Division.

*Du Pont registered trademark for its TFE-fluorocarbon fiber. 1Du Pont trade name for its polyester fiber,

L~ JUDEBROD BROS. SILK CO, INC.

FOUNDED IN 1870

AR

225 WEST 34th STREET, NEW YORK 1, NEW YORK
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MEETINGS AHEAD

ELECTROCHEMICAL SOCIETY MEETING;
Statler-Hilton Hotel, Boston, Mass.,
Sept. 16-20.

RECTIFIERS IN INDUSTRY MEETING,
AIEE; Desher-Hilton Hotel, Colum-
bus, Ohio, Sept. 18-19.

INDUSTRIAL ELECTRONICS ANNUAL SYM-
POSIUM, IRE-PGIE, ISA; Sheraton-Chi-
cago Hotel, Chicago, Ill., Sept. 19-20.

TUBE TECHNIQUES NATIONAL CONFER-
ENCE, Advisory Group on Electron
Devices in the Office of the Director
of Defense Research and Engineer-
ing; Western Union Auditorium,
N.Y.C., Sept. 19-21.

BROADCAST ANNUAL SYMPOSIUM, IRE-
PGB; Willard Hotel, Washington,
D. C., Sept. 20-29.

VALUE ENGINEERING & ANALYSIS CON-
FERENCE, EIA; Statler-Hilton Hotel,
St. Louis, Mo., Oct. 1-2.

COMMUNICATIONS  NATIONAL  SYM-
POSIUM, IRE-PGCS; Hotel Utica and
Municipal Auditorium, Utica, N. Y.,
Oct. 1-3.

SPACE ELECTRONICS & TELEMETRY NA-
TIONAL SYMPOSIUM, IRE; Fointaine-
bleau Hotel, Miami Beach, Fla.,
Oct. 2-4.

ELECTRICAL ENGINEERS FALL GENERAL
MEETING, AIEE; Pick-Congress Hotel,
Chicago, Oct. 7-12.

NATIONAL ELECTRONICS CONFERENCE,
IRE, AIEE, et al; Exposition Hall,
Chicago, Ill., Oct. 8-10.

AEROSPACE ELECTRICAL/ELECTRONIC
EQUIPMENT & SYSTEMS DISPLAY,
Aerospace Electrical Society; Pan
Pacific Auditorium, Los Angeles,
Oct. 10-12.

RESEARCH AND ENGINEERING NORTH-
EAST MEETING, IRE; Somerset Hotel
and Commonwealth Armory, Boston,
Mass., Nov. 5-7.

IEEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronic
Engineers; Coliseum and Waldorf-
Astoria Hotel, New York, N. Y.,
March 25-28.

ADVANCE REPORT

NONLINEAR MAGNETICS INTERNATIONAL
CONFERENCE, IRE, AIRE; Shoreham Hotel,
Washington, D. C., April 17-19, 1963.
Nov. 5 is the deadline for submitting
200-word abstract to: J. J. Suozzi, Tech-
nical Program Chairman, Bell Telephone
Laboratories, Inc., Whippany, N. J. Con-
ference theme will emphasize theory and
application of advanced nonlinear mag-
netic devices in computation and control.
Papers will be given on recent develop-
ments in;: computer logic and memories
(thin magnetic films, ete.) ; power de-
vices (magnetic amplifiers, etc.) : non-
linear magnetics and semiconductor com-
binations (silicon controlled rectifiers,
ete.) ; recording and instrumentation.
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HILLS and VALLEYS
AMPLIFIED 50,000 TIMES

Actual Talysurf tape of AlSiBase ceram-
ic with glaze number 743 at 50,000
amplifications. On the vertical scale,
each small division is 2 micro-inches.
Note that the hill shown on this graph
is ten millionths high.

In substrates, the surface is some-
times of primary importance. The
surface of AlSiBase and AlSiMag
ceramics can be specially processed
_ for smoothness and uniformity.
A " . : i Equipment is available to give you a .
Talysurf electronically records the surface close reproduction of the surface on Diameters as small as .015 precision ground
finish, amplified 50,000 times. a chart amplified up to 50,000 times. and electronically verified at the machine.

On even the smoothest of surfaces,
this graph, at that amplification,
looks like hills and valleys.

American Lava pioneered in the pro-
duction of AlSiMag precision ceram-
ics. The development of AlSiBase ex-
tended these gains to ultra-thin ce-
ramics. Metallizing techniques have
also made a number of recent ad-
vances. Techniques and equipment
for measuring have kept pace with
these advances in production.

If you require technical ceramics to .
Inspection at magnifications up to 50 times, close tolerances, we believe you'll ~ Internal diameters air gauged at the
with tracer for contoured surfaces. find American Lava has the experi- grinder in ten thousandths.

ence and equipment to make them ( :
...and measure them. If you will
outline your requirements, our tech-
nical staff will be glad to study them
and make suggestions.

%

Toolmaker’s microscope magnifies up to 1,000
times in turret lens, micrometer

calibrated in .0001 inch.

A 'sukisfain»ry' of
Minnesota Mining and
Manufacturing Company




BULOVA
FREQUENCY STANDARDS

BULOVA
" OVENS

BULOVA
COILS

\/

sinfz x }l.

\

BULOVA
SERVO AMPLIFIERS

BULOVA
CRYSTALS

BULOVA
OSCILLATORS

BULOVA
TUNING FORKS

BULOVA
CRYSTAL FILTERS

BULOVA
SYSTEMS & SUB SYSTEMS



Bulova has added new muscle and

technical scope in frequency con-

BULOVA

MAKES
TIME

IN
FREQUENCY
CONTROL

trol through the integration of the
American Time Products and the

Electronics Divisions, and through

the addition of the development

and production facilities of the

Keystone Controls Corp. ... now

one versatile design/ production
complex making millions of
frequency cphtrol devices for defense and industry. R
This growth in engineering and production capabilities
provides a new range.in frequency control, generation,
selection and measurement from one proven source
... Bulova. It includes tuning fork and crystal based
oscillators, frequency standards, filters, power supplies,
and choppers; as well as coils, ovens and servo-loop
products. @ The alert Bulova engineering staff, together
with its smoothly-functioning production lines can
deliver reliable performances in custom designing and
manufacturing miniaturized components, systems — to
meet or exceed the most demanding specifications and
schedules. Write Bulova Electronics Division, 61-10

Woodside Avenue,
, INDUSTRIAL/DEFENSE GROUP |
Woodside 77, New ?

York, 1or iUt} BULOVA
information. | ELECTRONICS DIVISION |
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WHY THINK BIG?
CENTRALAB

“TWO-DIMENSIONAL"
® MICRO-MINIATURE (SERIES 3)

(@) (@)

nqrfr’! T?;h

ACTUAL SIZE

Single trimmer measures only 0.250” square, 0.100” deep,
rated at .05 watts at 70° C. Multiple trimmers can
include up to 5 fixed resistors, depending upon value and
voltage rating.

AS SMALL AS '

Single trimmer measures only 0.406” x 0.438” x 0.125",
Va" xVa”

SUB-MINIATURE (SERIES 4)

NS

2 A

rated at 0.1 watts at 70° C. Triple trimmers can include
up to 8 fixed resistors, depending on value and voltage

WITH VIRTUALLY NO DEPTH! ™"*

All the adjustment you need—in a fraction of space,
at a fraction the cost—for military or commercial
applications.

These versatile ceramic base units are available

as single or multiple trimmers. Fixed resistors can ACTUAL SIZE

bt? included on multiple units—either associated Gingle trimmer measures 5" x 45" x 19’. Rated at

with, or independent of the trimmer circuitry, 17/ watt at 70° C. Available with leads, solder or wire-

through the flexibility of the technique. They wrap terminals, in a wide range of mounting styles for

can be supplied in all standard resistance values. modern production techniques. One to four variable
resistor elements and up to 12 fixed resistors on a single
plate. Knob permits adjustment by finger tip, internal
or external hex wrench, or screwdriver.

For additional information on these units write for
CENTRALAB Engineering Bulletin 42-1216.

Y-6147
THE ELECTRONICS DIVISION OF GLOBE-UNION INC.
914) EAST KEEFE AVENUE ¢ MILWAUKEE 1, WISCONSIN
In Canada: Centralab Canada Ltd., P.O. Box 400, Ajax, Ontario

ELECTRONIC SWITCHES o VARIABLE RESISTORS « CERAMIC CAPACITORS « PACKAGED ELECTRONIC CIRCUITS o ENGINEERED CERAMICS
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CHASSIS SIDE OF WAFER CHASSIS END OF MODULE TAR SIOE OF WAFER

QuUTPUT

Step-by-step procedure for

designing wafer-mounted

microelements and assembling

them to riser wires, with

design considerations, module

assembly methods

and system assembly methods

1
Illli"ll_- :

5
!!%!

e

4

2

MICROMODULE ASSEMBLY layout sheet shows component
locations, jumpers, riser-wire lengths and solder points—Fig. 1

How To Design Micromodules

By RENATO DISTEFANO, JR.

Semiconductor and Materials Div
Radio Corporation of America
Somerville, N.J.

DESIGN METHODS for micro-
module electronic or electromechan-
ical systems can be applied to exist-
ing systems that require a min-
imum of redesign, as well as to
developmental systems that consist
of only a performance specification
and a list of environmental require-
ments.

In either case, the design of the
system begins with the breadboard
construction of the entire system,

September 14, 1962

or of that portion of the system to
be redesigned in micromodule form.
The completed breadboard is sub-
jected to all specified operating and
storage environmental test condi-
tions, with the exception of such
tests as shock, vibration or thermal
dissipation, which yield no appli-
cable information when conducted
on a breadboard.

DESIGN CONSIDERATIONS —
The present range of microelement
capability is shown in Table I.
When possible, a micromodule is
designed to include the microele-
ments required for a complete func-

tional unit or stage, such as an
amplifier stage, mixer, local oscil-
lator, multivibrator, inverter or
gate. This method of circuit divi-
sion provides design simplicity and
minimizes the number of connec-
tions between micromodules. In
certain cases, such as cascaded in-
termediate-frequency stages, the re-
quirement for isolation of signal
leads strongly influences the man-
ner in which the circuit is divided
into micromodules.

The designer divides the circuits
of the entire system or subsystems
into sections, each of which repre-
sents a separate micromodule, and
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KUDOS FOR MICROMODULES

Just two weeks ago, Major General
E. F. Cooke, Chief Signal Officer,
said that the Chief of Staff for
Logistics has issued a directive to
incorporate the micromodule con-
cept in Army equipment where
appropriate (ELECTRONICS, p 7,
Sept 7). Meanwhile, six items con-
sidered highly suitable for micro-
module application have been

funded for R&D by the Army in
1963-64. These include an air-
borne h-f ssb radio, a lightweight
hand-held surveillance radar, a
“Aash ranging set” to detect gun
flashes, an electronic teletipewriter,
a tactical digital communications
system and the production version
of Micropac, small field computer to
be delivered in November by RCA

TABLE I — PRESENT MICROELEMENT-CAPABILITY

RESISTORS
Carbon Cermet
Number of Resistors per Microelement............ 1to4 1to4
Value Range per Resistor (ohms)................. 10-150,000  10-150,000
Value Range per Microelement (ohms)............ 2.5-600,000 2.5-600,000
Maximum Dissipation per Resistor (watts)........ 2] 14
Maximum Dissipation per Microelement (watts)... 14 %
Maximum Micromodule Temperature for Rated
Dissipation (degrees C).................... ... 70 70
Temperature Characteristic (ppm per degree C).... =1,300 =200
CAPACITORS
Precision General- Electrolytic
. C.) Purpose (Tantalum)
Number of Capacitors per
Microelement. . .......... i1 1 1
Value Range............... 5 pf to 3,000 pf 100 pf to 0.15 mf 1 to 47 mf
Tolerance (percent)......... 1to 10 10 to 20 10 to 20
Temperature Range (degrees
AR e PRl Ot o —55to +85 —55to 485 —55 to +85
Temperature Characteristic.. =30 ppm/°C 4109, —309%, =159,
(nominal)
Maximum Dissipation. . . ... 0.001 0.015 0.06 at 120 cps
Maximum D-C Voltage. . ... 50-100 50-100 35 (470 mf-
volt) max.
INDUCTORS
Maximum Inductance (millihenries) 1.5

Maximum Operating Frequency (megacycles) 50

DIODES

Most miniature diodes that are not larger than 0.2 inch may be mounted on a

microelement wafer.

From one to four diodes may be mounted on a micro-
element, depending upon dimensions and terminations.

Diodes are now avail-

able in packages suitable for microelement mounting

TRANSISTORS

Any transistor that can be mounted on a microelement wafer so that its case does
not short to the micromodule riser wires is suitable for use in micromodules
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notes the occurrence of repetitive
circuits that can utilize identical
micromodules. Identical modules in
repetitive circuits are especially de-
sirable in systems to be produced in
large volume, because they result
in cost savings of materials and
testing.

Micromodules can be constructed
with external leads at both ends;
however, interconnection considera-
tions have made the single-ended
micromodule definitely preferable
for most systems. The single-ended
micromodule normally has twelve
external leads spaced on a 0.075-
inch grid pattern at one end.

Although micromodules can be
made in heights up to one inch, most
units are between 0.4 and 0.8 inch
high. Micromodule lengths within
this range can accommodate many
types of stages without exceeding
the twelve-lead limit on external
connections. Some of the more com-
plicated amplifiers, multivibrators,
and other types of stages are sub-
divided into two or more micro-
modules; similarly, some simple re-
petitive stages, such as gates, may
be combined with one or more sim-
ilar stages into a single micromod-
ule. In some cases, the maximum
height of one or more micromodules
in a system is limited by the vol-
ume specifications for the complete
system.

A rough estimate of the height of
a micromodule may be made by add-
ing the space requirements for each
of the microelements, or wafers, of
which it is composed. The space
requirement for each wafer is de-
termined by adding 0.01 inch to the
maximum allowable thickness of
each wafer. The 0.01 inch includes
the height required by soluble
spacers which are inserted between
the wafers during the assembly
process. Additional allowances of
up to 0.02 inches may be required
where riser wires are ‘“‘cut,” as ex-
plained below.

Since the maximum allowable
thickness of standard resistor mi-
croelements is 0.02 inch, an allow-
ance of 0.03 inch is made for each
resistor in the micromodule. Be-
cause each resistor wafer has a
maximum dissipation allowance of
one-half watt, each wafer can ac-
commodate either four one-eighth-
watt elements, or two one-quarter-

electronics



watt elements, one on each side of
the wafer. When a resistor wafer
has two resistors on one side, the
ratio of the higher resistance value
to the lower should be less than five,
and the terminations of the two
elements must be so arranged that
the elements do not cross each other.

For microdiodes mounted in
wafers, space allowance is 0.03 inch
more than the maximum diode di-
ameter, for each diode wafer used.

The space requirements for some
of the other types of microelements
are listed in Table II.

When the space requirements for
all of the microelement wafers in
the micromodule have been deter-
mined, they are added, and an
additional 0.12 inch is added for
encapsulation, end wafers, module
pedestals, and building tolerance.
The total is the maximum estimated
height of the micromodule; the ac-
tual height may be as much as 25
percent less, depending on the ac-
tual microelement dimensions, num-
ber and location of riser-wire cuts,
and similar considerations.

When the height of each micro-
module has been estimated, the total
height is compared with the system
volume specifications to determine
if the circuits to be included in each
micromodule must be adjusted to fit
the space available.

MODULE ASSEMBLY—Figure 1,
a completed micromodule assembly
layout, shows the method of num-
bering riser wires. Figure 2B
shows the system of numbering
notches on the microelement wafers.
The uncircled numbers are the
noteh numbers ; the circled numbers
refer to the corresponding riser-
wire numbers. On those wafers that
are mounted in the normal, or A1
position, the notch numbers coincide
with the riser wire numbers. The
rectangular index notch in the cor-
ner of the wafer is used for orienta-
tion during assembly. On the as-
sembly drawing, notch numbers are
not shown, but all notches not
mounted in the normal or A1 posi-
tion with respect to the micromod-
ule riser wires are indicated by
three short vertical lines adjacent
to the drawing of the far side of
the wafer. The mounting position
of all wafers not mounted in the
normal position is indicated by an
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RESISTOR wafer, showing first side (A) and reverse side (B)
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POSSIBLE MOUNTING POSITIONS for a transistor microelement (A);
for a microelement wafer (B)—Fig. 2

MICROMODULES mounted on a printed-wiring board—Fig. 8
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TABLE IT — MICROELEMENT DIMENSIONS

Dimension Requirements*

Element Value Range (Inches)
Copactton (TiGiY .« v sammend gosmm s to 250 pf 0.03
“ e O e A 250 to 1,000 pf 0.04
* ey, e, 1,000 to 2,200 pf 0.065
Capacitor, Gen. Purp.. ........... 0.003 to 0.022 uf 0.04
. S g aEee 0.022t0 0.1 uf 0.09
Capacitor. Electrolytic............ 1to3 uf 0.065
- N g st d e 4.7 to 22 uf 0.105
Diode, Microelement. . ........... B 0.08
Transistor, TO-16 Package Mounted
on, Waler, « . i s wes v omus s 5 e 0.115

Transistor, Other Suitable Package

Mounted on Wafer. . ........... e

Package height
plus 0.035 inch

* Includes 0.01 inch allowance for spacers, etc.

arrow which points to the long side
of the wafer index notch, as is the
microlement Q, (item 6) shown in
Fig. 1.

The various microelement wafers
are connected by hard-drawn,
solder-coated, tinned copper wires,
which also form the external leads.
These riser wires form the nodes of
the module circuits. If thirteen
nodes are required in one module,
one of the riser wires is extended
only far enough through the module
to connect all the elements which
meet at one of the nodes. An addi-
tional node is formed by placing a
short section of a riser wire be-
tween those wafers, beyond the end
of the shortened, or “cut” riser
wire, which contain the elements to
be connected to the thirteenth node.
This procedure may be repeated
with as many as seven additional
riser wires to form additional nodes
as required, but at least one riser
wire on each of the four sides of
the micromodule must extend along
its entire length and form one of
the external leads. Where the addi-
tional nodes formed by such seg-
mented riser wires consist of con-
nections between adjacent wafers
having no more than 0.003 inch of
build-up on each side of the sub-
strate, the connection between the
wafers is made by solder bridging
during the dip-soldering process,
and no riser-wire segment is re-
quired.

Transistor

microelements and
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mounting wafers for transistors in
TO-46 and similar types of cases are
usually made so that the element is
terminated to the wafer notches as
shown in Fig. 2A, which also indi-
cates the eight possible mounting
positions for this wafer in the mi-
cromodule. When a micromodule is
designed with two transistors con-
nected in a common-emitter config-
uration, one unit can be mounted in
the A1 position and the other in the
B1 position, with a connection or
jumper located on an end wafer be-
tween riser wires 1 and 3.

An end wafer is usually placed
at each end of the module to protect
the microelement wafers during
manufacture, and to provide a
mounting for jumpers between
riser wires. When necessary, an end
wafer may be eliminated if it con-
tains no jumper and if the adjacent
wafer does not contain an element
on its outer face. Elimination of an
end wafer will shorten the module
height by about 0.015 inch.

Riser wires may also be shortened
for additional isolation of a tuned
circuit or other critical element lo-
cated at the end of the module
farthest from the chassis. The op-
eration of such circuits may also be
improved by locating input and out-
put leads on opposite sides of the
micromodule, and by designing the
module so that the two riser wires
on each side of a critical signal lead
are grounded on the printed-circuit
interconnecting board.

If less than twelve leads are re-
quired on a single micromodule for
external connections, one or two of
the riser wires on each side of the
module may be cut off within 0.015
inch of the end wafer after the
module is assembled to simplify
the wiring on the printed-circuit
interconnection board, as in the case
of riser wires 5 and 9 in Fig. 1.
However, in all such cases, at least
one of the uncut external leads on
each of the four micromodule sides
must extend through the length of
the micromodule. Printed-circuit in-
terconnection board wiring may be
further simplified, on occasion, by
providing jumpers on micromodule
end wafers between leads which do
not connect to nodes within the mi-
cromodule, as shown for the end
wafer at the chassis end of the mi-
cromodule in Fig. 1.

Unless element isolation require-
ments or cuts in riser wires dictate
otherwise, resistors are usually lo-
cated at the end of the module clos-
est to the chassis, followed by
capacitors, inductors, silicon semi-
conductors and germanium semi-
conductors, in that order, to ensure
the most efficient transfer of heat
from the micromodule. When one
or more of the micromodule riser
wires are shortened, the configura-
tion of the various circuit nodes
determines the order in which the
wafers must be assembled. In Fig.
1, a cut is indicated on riser wire
10 inside the module, and the riser-
wire segment used for the node
identified as 10’ on the schematic
diagram is shown as a dashed line.
In this case, the node cannot be
formed by solder bridging because
one of the wafers involved has more
than 0.003 inch of build-up on both
sides.

The first step in the design of a
micromodule incorporating the cir-
cuit shown in Fig. 1 is the assign-
ment of riser-wire numbers. For
optimum micromodule system de-
sign, this assignment is made dur-
ing the layout of the printed-circuit
board on which the micromodules
are to be mounted. Because it is
preferable to use the standard tran-
sistor microelement wafer (Fig.
2A) when possible, the riser wires
that connect to the emitter and col-
lector of @, are assigned first, and
the printed-circuit mounting board
is then laid out. Riser-wire numbers
are then assigned to the remaining
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nodes of the miecromodule.

The printed-circuit board layout
usually determines the assignment
of riser-wire numbers to the re-
maining circuit nodes which must
connect to the board. As shown in
Fig. 2A, the transistor base should
connect to riser-wire 10; however
because riser-wire 10 has already
been assigned as one terminal of a
jumper wire associated with the ex-
ternal circuits, the wire must be
cut to form node 10’ for the tran-
sistor base.

With all the nodes of the circuit
assigned, the microelement layouts
can be completed. The jumpers re-
quired by the external circuits are
placed on the end wafer, and R, and
R, are placed on the adjacent wafer.
Since R, connects to 10’ it is placed
on the third wafer in order that
riser wire 10 may be attached to
the required minimum of two
wafers before it is cut. The two
diodes are mounted on the fourth
wafer, followed by the transistor
and the second end wafer.

Micromodules may be designed to
include circuits tuned by trimmer
capacitors with ranges up to six-
teen picofarads. In such cases, the
trimmer is mounted at the end of
the module for access when tuning,
and the transformer is mounted on
the adjacent wafer, which may also
include a larger fixed capacitor con-
nected in parallel with the trimmer.
This arrangement also provides
some isolation from the remainder
of the micromodule.

In the design of a micromodule
system, it is often helpful to con-
struct a breadboard of the micro-
module by mounting hard-drawn
wires about two inches long in each
pin of a twelve-pin phenolic plug.
The other ends of the wires are
secured to a phenolic disk, which
is similar to the base in diameter
and separated from it by a small
two-inch sleeve mounted at the
axis of the connector. The twelve
wires are numbered according to
the numbers of the plug, and the
circuit elements to be used in one
micromodule may be connected be-
tween the riser wires. The resulting
totem-pole arrangement is an elec-
trical equivalent of the module in
analogous physical form. An entire
system may be made in this totem
pole configuration, and the test cir-
cuits for the system may be
mounted on a master board fitted
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with receptacles for the totem-pole
plugs. This arrangement is often
convenient for the tuning, testing,
and adjustment of the prototype
micromodules or systems of micro-
modules because, with an adapter
socket, one or more micromodules
may be substituted for the corre-
sponding totem-pole units.

SYSTEM ASSEMBLY—After as-
sembly, micromodules are tested
and encapsulated in an epoxy resin.
When the completed micromodules
have been tested again for specifica-
tion performance, they are ready
for assembly in the system for
which they were designed. Mi-
cromodules are usually intercon-
nected on a printed-circuit board,
as shown in Fig. 3.

The printed-circuit board is de-
signed so that the micromodules are
spaced 0.4 inch between centers,
but, if room is available, this spac-
ing may be increased to accommo-
date a complex printed-circuit-
board wiring pattern on a single
side of the printed-circuit board.
If the spacing between the micro-
modules cannot be increased beyond
0.4 inch, a double-sided printed-cir-
cuit board may be used.

A micromodule may be enclosed
in a shield covering all surfaces ex-
cept the chassis end; the major
part of the chassis end may be
shielded by a portion of the ground
plane on the printed-circuit board.

EXPLODED VIEW of a typical micromodule

If the system being designed re-
quires components which have not
vet been adapted to the micro-
module form, the components may
be mounted directly on the printed-
circuit interconnecting board near
the micromodules to which they
connect.

The foregoing is a general sur-
vey of micromodule system design
procedure as it exists in March,
1962. As a result of extensive de-
velopment work underway at the
time of writing, it may be antici-
pated that the coming months will
further improve on the already
large range of component values
and operating specifications of mi-
croelements which are now avail-
able, and that the constantly im-
proving favorable situation of
micromodules with respect to oper-
ating reliability will become an
achievement goal for all future gen-
erations of microelectronic con-
cepts.

The guidance and comments of-
fered by the author’s colleagues,
particularly by R. Wilson, R. Pew,
H. Keitelman and R. Samuel are
gratefully acknowledged.
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SWITCH ASSEMBLY with 50-ohm pulse-forming metwork, pulse trans-
former beneath magnetron and simple charging resistor modulates magne-
tron that provides about 100 Kw at 16 Gce

MODULES in 8-Kv experimental
switch assembly are mounted back
to back to limit inductance

Semiconductor Modulators for Modern

Pulse modulator has been developed that delivers 300 Kw and lab setup has

provided 640-Kw output. Extending the same design techniques should enable

semiconductor modulators to drive the most powerful magnetrons.

These modulators

can also improve efficiency, reduce size and weight and provide high reliability

THIS SEMICONDUCTOR high-
power modulator has been devel-
oped to improve efficiency, reduce
size and weight, and provide
greater reliability. Extensive use of
radar in aircraft, missile and satel-
lite applications spurred develop-
ment of the unit. However, the
high-power modular switch could
also be useful in high-current pulse
generators, short-circuit protection
for high-voltage traveling-wave
tubes and klystrons, linear acceler-
ators and lasers.

Several approaches to design of
high-power semiconductor pulse
modulators have been taken. Re-
viewing their operation will aid in
understanding the design of the
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new 300-Kw pulse modulator. All
designs discussed use either pnpn
diodes or pnpn transistor switches
in line modulator circuits.

Drive requirements of a 100-Kw
magnetron, listed in Table I, will be
used as design objectives. The com-
bination of 16.5 Kv and 18 amperes

+400V

TRIG LOAD

LINE-TYPE modulator uses single
pnpn transistor—Fig. 1

can be transformed using a suitable
output transformer to achieve the
300-Kw output with lower voltage
and correspondingly higher current.

A magnetron modulator has been
described that uses a single pnpn
transistor’ to obtain 10-usec, 250-
Kw pulses. A similar circuit that
operates from a 400-volt supply is
shown in Fig. 1. To provide 17-Kv
output, a transformer with a 1:80
turns ratio is chosen. The resulting
input impedance is 0.13 ohm, so
pulse-forming network impedance
is also 0.13 ohm. When the trigger
switches the pnpn transistor, it
places a short circuit across the in-
put to the pulse-forming network.
The network then produces the de-
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IS THIS THE ANSWER?

Radar designers have long been
aware of advantages in weight, size
and reliability of semiconductor
modulators. However, using semi-
conductors in modern radar pre-
sents many problems, not the least
of which is the ever growing de-
mand for higher power. A promis-
ing solution seemed to be provided
by the versatile pnpn devices, and
a number of designs based on these
devices have been reported. But, as
the authors point out, some of these
approaches have serious limita-
tions. The authors describe a modu-
lator designed to overcome these
disadvantages. It's also based on
pnpn devices and looks like it will
be adequate for even the most pow-
erful magnetrons

Magnetrons

sired 200-volt, 1,500-ampere pulse
across the transformer primary.

This circuit requires only a small
number of components and a low-
voltage supply. However, it has
series inductance in the high-cur-
rent loop. Only 0.1-ph series loop
inductance will limit rise time of a
1,500-ampere pulse to about 1 usec.
Also, pnpn transistors that ecan
switch 1,500 amperes are neces-
sarily large and have rise times of
about 1 usec. The simple charging
resistor could be replaced by a con-
ventional resonant-charging ar-
rangement, permitting operation
from a lower supply voltage. A
similar substitution could be made
in all these modulators.

A second approach® uses a series
arrangement of pnpn diodes, as
shown in Fig. 2A. If modulator im-
pedance of 50 ohms is chosen, the
300-Kw load requires about 4,000
volts at 80 amperes and the series
pnpr diodes must sustain 8,000
volts in the off state. Since the best
available pnpn diodes have break-
overs of about 400 volts, 20 are re-
quired to sustain the 8-Kv charging
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MULTIPLE pnpn modulators can use single pulse-forming network (A)
and multiple pulse-forming networks (B) as well as multiwinding trans-

former trigger (C)—Fig. 2

By F. A. GATEKA

M. L. EMBREE, Bell Telephone Laboratories, Laureldale, Pennsylvania

potential of the pulse-forming net-
work (PFM).

A network of shunting resistors
is used to avoid unequal voltage
division across the pnpn diodes.
Switching can be done in two ways.
A trigger can be provided to the
string that is sufficient to exceed
the breakovers. This method re-
quires that distribution of the
breakovers of the pnpn diodes be
closely controlled, since the trigger
signal is divided across the string.

MODULATOR DESIGNS—Using
the triggering method shown in
Fig. 2A, the lower two units are
switched, permitting the remaining
diodes to be switched by the steeply
rising voltage transient. However,
this method depends on a presently
uncontrolled characteristic of pnpn
diodes and could result in problems.
Another problem is the variable de-
lay between trigger and output
pulse, which results in jitter.
Another approach is a variation
of the spark-gap apparatus.” This
circuit, shown in Fig. 2B, uses 25
pnpn diodes in a series arrange-

ment. An output impedance of 250
ohms was chosen, which requires
the modulator to supply 8,700 volts
at 35 amperes. The required modu-
lator impedance is achieved by effec-
tively connecting 25 10-ohm pulse-
forming networks in series. The 25
pnpn diodes are placed in the series
string so that the pulse-forming
networks are separated from each
other by pnpn diodes.

Charging the pulse-forming net-
works is achieved by using large
resistors from ground and from the
690-volt supply to each side of the
networks. The voltages add in series
when the pnpn diodes are switched,
providing the desired high-voltage
output. Triggering is accomplished
by providing a pulse to the diode
nearest to ground. When this diode
switches, a steeply rising voltage
pulse propagated through the string
switches the remaining diodes.

One serious problem associated
with this modulator is that 700-volt
pnpn diodes are not presently avail-
able. Other problems include the
design of a pulse-forming network
that will produce an acceptable
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pulse when operated in series, using
transient switching of pnpn diodes,
and delay and jitter between trigger
and output pulses.

Among modulators that use series
arrays of pnpn transistors, the cir-
cuit in Fig. 2C is a direct extension
of a 3-Kw modulator previously de-
scribed.*® A pulse transformer with
an 8.7:1 turns ratio has been se-
lected. The modulator must there-
fore produce a 2,000-volt pulse at
150 amperes across the 13.3-ohm
primary. Impedance of the PFM is
thus 13.3 ohms.

Five pnpn transistors with break-
over voltages of at least 800 volts
are required to sustain the 4-Kv
charging potential. A resistor shunt
network ensures equal voltage divi-
sion across the transistors. The
gate trigger signal is supplied
through a multiwinding trans-
former, which must be insulated
for 4 Kv and capable of supplying
0.5 amp at 3 volts to each gate.

A major problem is that an 800-
volt 150-amp pnpn transistor that
will switch up to 150 amperes in
less than 100 nsec is not yet avail-
able. Also, considerable power is
dissipated in the resistor network,
and design of a multiwinding trig-
gering transformer is difficult.

The trigger transformer might
be simplified by supplying gate
trigger current to the lower three
transistors and allowing the re-
maining two to switch as two-termi-
nal devices. However, delay and
jitter result from the pnpn transis-
tors switching as diodes.

300-KW MODULATOR—The mod-
ulator in Fig. 3 has been developed
to overcome the limitations of the
modulators described. Standard
modulator impedance of 50 ohms
was chosen, resulting in a pulse
output requirement of 4 Kv at 80
amp. The 1-usec PFN charges to
8 Kv through a 0.47-megohm re-
sistor from the 8.5-Kv supply. Four
2-Kv switech modules are arranged
in series to complete the modulator
circuit. A trigger is provided to the
lower 2-Kv module, which in turn
provides simultaneous triggers to
the other modules.

A simplified overall circuit dia-
gram is shown in Fig. 4A. The
16-Kv 20-ampere pulse is supplied
to the 7208 magnetron through the
bifilar pulse transformer in the
filament circuit. The pulse is gen-
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MODULATOR was designed to
overcome lLimitations of earlier
semiconductor modulators—Fig. 8

DRIVE REQUIREMENTS—
TABLE 1

FOR 100-KW MAGNETRON

Pulse Power Input.... 300 Kw
Pulse Voltage Input.. 16.5 Kv

Pulse Current Input.. 18 amp
Pulse Width. ........ 1 usec
Pulse Rise Time...... 125 nsec

PERFORMANCE CHARACTER-
ISTICS—TABLE II

Input Voltage........ 85 Kw
Input Current........ 4.5 ma
Input Power......... 38 w

Output Voltage Pulse. 4 Kv

Output Current Pulse. 80 amp
Output Power Pulse.. 320 Kw
Duty Cycle. ... c.0u0 0.005 %
Average Output Power 16 w
Efficiency.. - « - «axo e 42 %

erated in a standard 50-ohm PFN,
which has an output of 4 Kv at 80
amperes for 1 usec. Each 2-Kv
module includes a series arrange-
ment of five 2N1765 pnpn transis-
tors. Each transistor can sustain
at least 400 volts in the forward
direction and can switch 80 amperes
in 1 psec. Rise time to 80 amperes
is less than 125 nsec.

The 500-pf capacitors were
chosen to be large enough to pro-
vide adequate triggering current
to each pnpn transistor for at least
100 nsec but small enough to be
effectively discharged in less than
1 psec. Initial gate current for each
transistor above the lowest one is
about 400 ma and rapidly decreases
as the capacitors discharge. The

lower capacitors in the figure must
supply increasingly higher currents
so successively smaller ones are
needed when the modules are
stacked as in Fig. 4A.

The 1-ph coils were chosen so
that inductance would be as low as
possible without significantly affect-
ing the trigger pulse. Small induc-
tances effectively terminate the =
emitter to gate of the pnpn tran-
sistors, enhancing their forward
breakover and recovery character-
istics. Since gate to n emitter volt-
age during turn-on is essentially
constant at 1 volt, shunt current in
the 1-xh coil at 100 nsec after trig-
ger is: ¢ = 1/Lf vdt = (V/) At.
Therefore, if V is 1 volt, L is 1 xh
and At is 100 nsec, 7 = 1/(1 X
10°) x 100 x 10®° = 100 ma.

As a result of the combined ef-
fects of capacitor discharge and
linearly increasing inductor shunt
current, the trigger for each pnpn
transistor is a short high-current
pulse that is terminated before
completion of the 1-usec high-cur-
rent output pulse. This type trigger
ensures rapid recovery of the tran-
sistors permitting reasonably rapid
recharging of the PFN.

SWITCHING MODULES—Each 2-
Kv module of the experimental
8-Kv switch assembly in the photo-
graph contains five 2N1765 tran-
sistors. The 400-volt regulator
diodes for each stage are composed
of two 1N672 and one 1N671 volt-
age regulators in series. The 2-Kv
modules are back to back so that the
high-current path is alternately
clockwise and counterclockwise to
limit inductance.

The complete circuit of a 2-Kv
module is shown in Fig. 4B. To de-
scribe operation, terminals 1, 2 and
3 are assumed to be at ground po-
tential and terminal 6 at +2,000
volts. The voltage-regulator diodes
maintain voltage across each pnpn
transistor at 400 volts, and the
charge on each 500-pf capacitor is
also 400 volts. A 0.5-ampere, 3-volt
trigger is supplied to the gate of
the transistor nearest to ground.
When this transistor switches, volt-
age at point A is reduced by about
400 volts. Because of the voltage-
regulator diodes, voltage at point B
and every comparable point in the
string is reduced by 400 volts.

The 500-pf capacitors have been
charged to 400 volts through the

electronics



1,000-ohm resistors. When voltage
at point A is reduced by 400 volts,
voltage on the forward-biased gate
terminal of the pnpn transistor is
correspondingly reduced so that
there is a 400-volt potential across
the 1,000-ohm resistor. Thus the
capacitor supplies 400 ma to the
gate of the second transistor.
Simultaneously, a 400-ma gate sig-
nal is provided to the gate of each
transistor in the string.

DIODE CURRENT—Time is re-
quired for the voltage-regulator
diodes to accomplish the 400-volt
change at point B and comparable
points. When the module is in the
high-impedance state, the diodes
are reverse biased into their ava-
lanche regions. When the first tran-
sistor is triggered and the voltage-
regulator diodes are voltage-
stressed by switching of the first
transistor, reverse current of the
top diode is increased from the 1-ma
off-state current to 400 ma peak.
Reverse current of the second diode
from the top increases to 800 ma,
since it carries the current of the
top diode as well as the 400-ma trig-
ger current supplied to the top
pnpn transistor. The third and
fourth diodes from the top carry
1,200 and 1,600 ma, respectively,
during the early part of the turn-on
transient. Since the diodes were
in the avalanche region and are
driven further into it, less the 1
nsec is required to change current.

Switching waveforms of the 300-
Kw modulator operating at full
power output are shown in the
photograph: 0.25 usec per hori-
zontal division and 4,000 volts per
vertical division. The 4-Kv, 300-
Kw output pulse is shown at the
top. Rise time and pulse length are
determined by characteristics of
the PFN. Voltage across the 8-Kv
switech assembly during switching
is shown at the bottom. Rise time
of the 600-Kw closure is 125 nsec.

Performance data for the 8-Kv
switch assembly made up of four
2-Kv modules is shown in Table II.
A 300-Kw pulse at a duty cycle of
0.005 percent is delivered to a 50-
ohm load. Pulse repetition rate is
limited by thermal design of the
switch assembly and could be im-
proved by potting, encapsulating
the assembly in oil or air cooling.

Modulator efficiency could be im-
proved by using a resonant-charg-
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DEVELOPMENTAL 300-Kw modulator (A) uses four 2-Kv switching
modules (B) in series—Fig. 4

MODULATOR operating at full
power has 4-Kv output waveform
shown above. Waveform across
8-Kv switch is shown below

ing diode and inductor instead of
the charging resistor, which would
eliminate about 6 watts of dissi-
pation. Efficiency has been improved
significantly by using voltage-regu-
lator diodes to stabilize voltage
across the pnpn transistors. If re-
sistors with the same dynamic re-
sistance as the diodes were used,
power losses would be increased.

The 8-Kv, 300-Kw switch as-
sembly in the photograph is being
used to modulate a 7208 magnetron,
which has output power of about
100 Kw at 16 Ge. The experimental
setup includes a 50-ohm PFN and
pulse transformer (under magne-
tron) and a simple charging resis-
tor.

+16.5KV 2 MEG
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4
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5 SWITCHES —
FCR (8) =
[} 1
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EXPERIMENTAL modulator

switches 1.28 megawatts to provide
640-Kv output—Fig. 5

Two 8-Kv switch assemblies were
wired in series with two 50-ohm
pulse-forming networks with suita-
ble balancing resistors, as in Fig. 5.
With this arrangement, a switching
operation from 16 Kv to 80 amperes
has been obtained.
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EXTREME SIMPLICITY of parametric amplifier is evident in these

pictures—Fig. 1

DESIGN FOLLOW-THROUGH

Dick Mayer discussed the preliminary design of this vhf parametric
amplifier in ELECTRONICS, Dec. 15, 1961. Since then he has made

several important design changes.
paramp ever constructed

Now he says it may the simplest

POSSIBLY the simplest paramet-
ric amplifier ever constructed con-
sists of only one butterfly resonator
and one varactor diode with cou-
pling loops for the signal and pump
frequencies. In addition to its sim-
plicity and low cost, the amplifier
features a wide operating frequency
range: it is tunable over at least a
two-to-one frequency band. It op-
erates in a quasidegenerate mode;
both signal and idler frequencies
are within the passband of the sin-
gle resonator. This new amplifier
differs considerably from a design
suggested in an earlier article.
Butterfly resonators have these
desirable features at vhf and lower
microwave frequencies:* freedom
from erratic behavior—no sliding
contacts; wide tuning range—a
tuning ratio (ratio of max to min
resonant frequency) of the order
of 5:1 is possible; high Q—typical
values range from 200 to 1,000;
accessibility of points between
which maximum impedance is de-
veloped ; ease of tuning; and small
size relative to other resonators
covering the same frequency range.

NEW DESIGN—Figure 1 shows
the new amplifier. The signal is
magnetically coupled to the butter-
fly resonator. The varactor diode is
in series with the pump coupling
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loop across the high impedance
points of the resonator. The pump
signal is magnetically coupled
through the pump input loop to the
varactor. The circuit is shown in
Fig. 2 where G, and G, are the sig-
nal generator conductance and the
load conductance, respectively. Al-
though this circuit is unlike that of
the conventional parametric ampli-
fier, which has been thoroughly an-
alyzed,*® it can be shown to be sub-
ject to the same analysis. The cir-
cuit (Fig. 2) is reduced to that
used by Blackwell and Kotzebue in
their analysis of the degenerate
amplifier.” First, the equivalent cir-
cuit at the pump frequency is con-
sidered to show that the pump input
signal appears across the varactor,
but not across the signal input and
output terminals. The butterfly
resonator, tuned to the signal-idler
frequency, is essentially a short
circuit to the pump signal. The
equivalent circuit at the pump fre-
quency thus reduces to that in Fig.
3A, and virtually all pump power
coupled to the pump coupling loop
appears across the varactor.
Average capacitance of the varac-
tor is only about 1 to 3 pf. There-
fore, its impedance at the signal-
idler frequency is much greater
than the pump-coupled-impedance.
The equivalent circuit at the signal

Is This the

By RICHARD J. MAYER

Transport Div., The Boeing Co.,

Renton, Wash.

PUMP INPUT LOOP PUMP COUPLING LOOP

SIGNAL INPUT LOOP

PUMP
INPUT
VARACTOR <
DIODE
BUTTERFLY SIGNAL
RESONATOR OUTPUT

LOOP

ONLY ONE butterfly resonator,
one varactor diode, with coupling
loops for signal and pump frequen-
cies, make up the amplifier circuit
—Fig. 2

frequency thus becomes that of
Fig. 3B. For convenience, the but-
terfly resonator has been replaced
by a parallel tuned circuit that has
a finite passband. For quasidegen-
erate operation, both the signal and
the idler frequencies are within this
passband so that only this single
tuned circuit is necessary. Finally,
the signal input and load conduct-
ances can be transformed to appear
directly across the signal circuit.
In Fig. 3C, where G, and G,” are
the equivalent, transformed, gen-
erator and load conductances, re-
spectively. This circuit is identical
to the equivalent circuit used by
Blackwell and Kotzebue.

DESIGN EQUATIONS — Trans-
ducer gain, g,, at signal frequency,
w,, 18 given by:*

4G,'Gy’

ge= — *( -
wsw;(vCo)?
[(' Sl e A ]

where «, is the idler frequency; yC,
comes from the assumed varactor
capacitance variation at the pump
frequency, o, Its expression is
C(wp) = C, + 2Cyy cos w,t. The
single-sideband noise figure is F',,,
= 2[1 + (T/T,) (G//G,)] where
G, is the varactor loss conductance,
T is the operating temperature and
T, is the standard noise temper-
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Simplest Paramp Ever Built?

This quasi-degenerate parametric amplifier for vhf and

lower microwave frequencies features simplicity and low cost.

It is tunable over at least a two-to-one frequency band

@;(ws)

PUMP VARACTOR DIODE VARACTOR DIODE VARACTOR
INPUT . "
LOOP
SIGNAL
INPUT
PUMP § A
INPUT 4 ¥ y T
PUMP
COUPLING g i
Loop
(A) (B)

(C)

EQUIVALENT CIRCUITS at pump frequency (A), at signal-idler frequency (B) and for mathematical analysis
(C) where G, and G’ are the equivalent, transformed, generator and load conductances—Fig. 3

ature of 290 degrees K.

In Fig. 1, the pump input loop is
in the container cover (top of
photo). The amplifier is inside the
round, brass container, and the
shaft of the resonator rotor pro-
trudes from the container so that
the resonator may be tuned from
the outside (tuning knob not
shown). The signal coupling loops
are on either side of the resonator,
and the varactor and the pump cou-
pling loop are seen in edge view.

TEST RESULTS —Both a spec-
trum analyzer and a receiver were
used during tests. The amplifier
was intended as a low-noise ampli-
fier at 150 Mec. On the spectrum
analyzer display, the 150 Mc signal
and idler differed by approximately
300 Kc, although operation at dif-
ferences anywhere below about 500
Kec is possible, depending on pump
frequency.

Bandwidth is approximately 200
Ke. Maximum stable power gain is
about 25 db, although maximum
long-term stability is obtained by
operating below about 17 db.

Operating frequency can be
changed by retuning the resonator
and changing the pump frequency.
Power gains of 20 to 30 db were
obtained at signal frequencies up
to 300 Mc. The only tuned circuit
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is the resonator that tunes the fre-
quency band 135 to 485 Mc; the
amplifier insertion loss (pump off)
over this entire band is less than
5 db. Therefore the amplifier should
operate over this band if adjust-
ments of the pump frequency are
made. However, the upper fre-
quency was restricted to 300 Mc
because the power output of the
pump source used was too low for
operation above 600 Mc. (For quasi-
degenerate operation, the pump fre-
quency is approximately twice the
signal frequency.) About 200 mw
pump power was required. Micro-
wave Associates, MA 450 series
varactor diodes were used (MA
450A thru MA 450E diodes pro-
duced no change in operating char-
acteristics).

The amplifier was operated with-
out a circulator because none was
available for frequencies below
250 Mec. Thus, the amplifier is
sensitive to small changes in gen-
erator or load impedance, and
it is difficult to measure noise fig-
ure. A conventional noise source
cannot be used because of the
change of impedance of the noise
source between on and off condi-
tions. Kotzebue’ reported this diffi-
culty in an earlier investigation; he
measured the noise figure of his
amplifier by visually observing its

noise output on a spectrum an-
alyzer.

Noise output was too low to be
observed on the spectrum analyzer.
Crude measurements of the noise
figure were made by measuring in-
put and output signal to noise ra-
tios. These measurements yielded
a single-sideband noise figure of
about 3.5 db, an indication that
the noise figure is low.

This amplifier should be operated
at signal frequencies of 250 to 3,000
Mc where both circulators and but-
terfly resonators are available. Be-
sides increasing stability, the
circulator will double the voltage-
gain-bandwidth product.

The author is indebted to Dwight
E. Isbell for his suggestions which
led to this development.
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TO Y, PLATES

CIRCUITS of marker pulse generator (A), transmit pulse generator (B) and time-base delay (C)—Fig. 1

Compact New Instrument

By F. JONES
General Post Office
Research Station
Dollis Hill, England

J. H. REYNER

Furzehill Laboratories Ltd.,
Boreham Wood, England

THIS NEW pulse-echo instrument
for locating faults in submarine
telephone cables is both fast and
compact; it has to be for use aboard
modern cable-repair ships. This in-
strument abandons the usual highly-
eomplex circuits in favor of a sim-
ple scanning system coupled with
crystal markers calibrated in nau-
tical miles. But it retains the accu-
racy of earlier instruments.’

It measures only 21 by 18 by 23
inches, but can locate, in a few min-
utes, the position of a cable fault
to within 0.1 mile. The maximum
range is 50 nautical miles. It can
select any 1 or 10-mile spread
within this range, for an accuracy
of location of =+0.5 percent or =40
fathoms, whichever is greater.

BASIC DESCRIPTION—A pulse
of 2-v amplitude and approximately
sine-squared shape is applied to the
input of the cable. Any fault that
produces an abnormal variation in
impedance causes this pulse to be

a8

Pulse-echo instrument identifies shunt or series
faults, pinpoints them within 0.1 mile in a 50-mile
range. Dual-beam oscilloscope contributes to fast

operation, is easy to read

reflected and received at the send-
ing end after a time interval that
is a measure of the distance to the
fault. The pulses are displayed on
the upper trace of a double-beam
crt. The lower trace displays crys-
tal-controlled marker pulses at in-
tervals corresponding to one nau-
tical mile with every tenth marker
of increased height. The trans-
mitted pulse is applied to the cable
through a variable delay network
that enables it to be aligned with a
pulse marker so that the distance
of the received pulse can be readily
assessed. Figure 2A illustrates the
display.

The relative direction of the re-
flected pulse indicates the type of
fault. If it is in the same direction
as the transmitted pulse it indi-
cates a series fault, the extreme
being an open circuit which gives
100 percent reflection. Conversely
a shunt fault gives a reflection in
the opposite direction, the extreme
being a short circuit which again

gives 100 percent reflection.
Initially, the full sweep width
corresponds to 50 nautical miles.
A range switch then permits the
10-mile sector in which the fault
occurs to be expanded to full screen
width. A further expansion can

WHY ANOTHER
FAULT FINDER?

For people concerned with cables,
here is another piece of British in-
genuity—a pulse-echo imstrument
for cable-fault location. Since fault
locators using the echo technique
have been around for over fifteen
years, we were wondering what ad-
vantages the mew instrument had
over previous ones. The answer?
Most cable-fault locators are ac-
curate, sophisticated, but bulky.
This one is not only accurate but
also simple, compact and fast—just
what was needed aboard cable re-
pair ships

electronics



FROM
FREQUENCY
STANDARD

TRIGGER PULSE
TO TIME BASE

Finds Undersea Cable Faults

then be obtained of the appropriate
1-mile sector so that with full-
screen width representing one mile
the distance can readily be assessed
to an accuracy of better than 0.1
mile.

MARKER GENERATOR—A block
diagram is shown in Fig. 2B. The
heart of the instrument is the crys-
tal-controlled marker-pulse gener-
ator, which produces pulses at
intervals corresponding to one
nautical mile. The velocity of prop-
agation in a cable depends upon its
construction but for most subma-
rine cables a coaxial construction
with polythene dielectric is used,
and for this type of cable the ve-
locity is 9.5 usec per nm.

Hence, the time taken to go and
return is 19 psec per nm and marker
pulses are therefore arranged to
occur every 19 usec, corresponding
to a frequency of 52.632 Kec.

For any other type of coaxial
cable the indicated distance of the
fault must be multiplied by a cor-
rection factor based on relative
phase velocity. This is usually
known as part of the cable specifica-
tion.

A crystal oscillator generates a
primary frequency of 52.632 Kk,
which triggers a blocking oscilla-
tor to produce sharp pulses at 19-
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usec intervals.

Since the coarse display covers
50 nm it is desirable to accentuate
every tenth pulse. This can be ac-
complished by generating a larger
pulse every 190 psec and superpos-
ing it on the smaller 19-usec pulses.

The marker-generator circuit is
shown in Fig. 1A. Crystal oscilla-
tor V, is followed by blocking os-
cillator V,. Sharp pulses are pro-
duced in the cathode of V,. These
are approximately sine-squared in
form and have a half-amplitude
duration of about 0.1 usec. The
pulses are fed to a monostable mul-
tivibrator V,, whose output is dif-
ferentiated and triggers a second
blocking oscillator V.. In the cathode
of V., pulses are generated similar
in form to those in V.. The 19-usec
and 190-usec pulses are then com-
bined in double triode V, and fed
to the marker plates of the crt.

TRANSMITTED PULSE — The
190-usec pulses are also applied to
a similar dividing circuit that gen-
erates pulses at intervals of 1,900
usec, corresponding to 100 nm.
These pulses are applied to the
cable under test. However, since
there is a minimum delay of 190
usec in the operation of the time
base, it is necessary to delay the
transmitted pulse by a correspond-

ing amount. It is convenient to
make this delay variable over a
small range to enable the trans-
mitted pulse to be aligned with one
of the 10-nm pulses.

The trigger pulse is then applied
to a monostable multivibrator (V,
of Fig. 1B) in which a delay

of between 171 and 228 usec (9 to
12 nm) is obtained by adjusting
the potential on the first grid. The

-

LOCATING a cable fault using pulse-
echo techmique
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ECHO from fault in cable, with 1 and 10-mile marke

square-wave output from this cir-
cuit is then differentiated in 7,.

Tube V, develops a pulse at the
cathode of approximately % usec
half-amplitude duration that is
fed to transformer 7T, which has
a center-tapped secondary. The
pulse developed in one half of the
secondary (approximately 2-v am-
plitude) is applied to the cable. This
pulse is also fed to the display am-
plifier but is offset by an equal and
opposite pulse developed across the
other half of the secondary so that
the amplifier is not blocked, whereas
the reflected pulse is applied unat-
tenuated direct to the amplifier in-
put. By adjusting the balancing
network, the displayed amplitude of
the transmitted pulse may be set to
a convenient height comparable
with the received pulse.

The display amplifier uses con-
ventional circuits, has a total gain
of 77 db, and supplies symmetrical
signals to the upper Y plates of the
crt. An attenuator of 62 db in 1-db
steps allows adjustment of the dis-
play amplitude.

With the pulse-check switch open,
the hybrid balance is inoperative
and the full pulse amplitude is ap-
plied to the amplifier. The atten-
uator is adjusted until the pulse
height is the same as that of the
received pulse; the additional at-
tenuation required is the pulse
attenuation in the cable.

TIME-BASE GENERATOR—Con-
ventional circuits are used to gen-
erate the horizontal sweep, but a
variable delay circuit is incorpo-
rated to permit an amplifier dis-
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. BLOCKING
OSCILLATOR

play of selected portions of the
trace. See Fig. 1C. The pulses from
the frequency standard are fed to
time-delay circuit V.-V, At rest,
V, is cut-off but upon the arrival
of a pulse, capacitor C begins to
discharge, producing a linear fall
of plate voltage. The duration of
this fall is controlled by the setting
of delay network R, to R,. The min-
imum delay with R; at zero can be
set by R, to 190 usec or 10 nm and
the maximum with R, at maximum
is set by R, to 1,140 usec or 60 nm.
Potentiometer R; thus covers a de-
lay range corresponding to 50 nm.
Thus, the beginning of the sweep
can be made to coincide with the
transmitted pulse, for coarse dis-
play, or any point immediately pre-
ceding the reflected pulse, for closer
estimation of distance.

The saw-tooth pulses in the plate
circuit of V, are accompanied by
square pulses at the screen. These
are differentiated and trigger the
time-base generator, that uses a
bootstrap circuit and feeds a sym-
metrical amplifier driving both sets
of X plates on the crt. Three sweep
ranges are provided, giving sweep
times that correspond to full screen
widths of 50, 10 and 1-nm. The
crt trace is normally blacked out
but is restored to normal brilliance
during the sweep by unblanking
pulses derived from the time-base
gate,.

OPERATION—The width of the
pulse initially 3-usec half-amplitude
duration, increases as it progresses
along the cable due to the attenua-
tion against frequency characteris-

rs (A); complete fault locator (

m
B)—Fig. 2

tic. This might cause errors, but
it is found that errors can be obvi-
ated by measuring the distance be-
tween the 10-percent amplitude
points of the sent and received
pulses. The ert graticule is provided
with a main mark 1-inch from the
center line and a subsidiary mark
at 0.1-inch. The amplitude of the
pulses is adjusted to the main mark
by attenuator and pulse control.
Distance to the fault is then as-
sessed by the intersection of the
pulses with the 10-percent line.

The instrument is first used on
the 50-nm range with zero delay,
producing a display as shown in
Fig. 2A. The time base is then
changed to the 10-nm range and the
fine control adjusted so that the
10-nm markers coincide with the
beginning and end of the scan.

The time-base delay is then in-
creased, noting the number of
10-nm intervals, indicated by the
traverse of the 10-nm markers
across the screen, until the reflected
pulse appears. Total distance can be
read off with greater accuracy. The
process can be repeated on the 1-nm
range, permitting the location of
the fault to be determined to an
accuracy of +=0.5 percent.

The authors thank the engineer-
in-chief of the British Post Office
for permission to publish these de-
tails, and to J. W. Glazbrook of the
GPO Research Station, for much
detailed work during the develop-
ment of the equipment.

REFERENCES
(1) F. F. Roberts, Pulse Techniques in

Coaxial Cable Testing, Journ POEE, 41,
April, 1948.
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FOUR NEW

WAYS T0 HOUSE

MICROFUSES

Front panel mount Micro-
fuse holder (with the hexa-
gon nut rear of panel).
Rugged aluminum body and
knurled cap; both can be
anodized in color. Fungus
and shock resistant. Seal-
ing “0” rings in cap and
on body. “Eye” type termi-
nals specially designed for
easy soldering.

262002

Rear panel mount Micro-
fuse holder (with the round
nut mounted from front of
panel). Rugged aluminum
body and knurled cap; both
can be anodized in color.
Fungus and shock resistant.
Sealing “0" rings in cap
and on body. “Eye” type
terminals specially designed
for easy soldering.

281002

Front panel mount Micro-
fuse holder (with the hexa-
gon nut rear of panel).
Molded from high strength,
high dielectric material.
Knurled cap for easy grip,
with skirt for positive 0"
ring seal. Rugged “Eye”
type plated brass terminals
separated by molded barrier
to provide complete insu-
lation.

284000 Series

o

Indicating Microfuse holder
—when the fuse blows indi-
cating bulb glows. Knob
molded from transparent
material with serrations for
easy gripping. Skirt of knob
for positive “0" ring seal.
Body from high strength,
high dielectric material.
Indicating holders available
in wide voltage ranges from
2% to 125 volts.

(SUB-MINIATURE)

PRODUCTS
SHOWN
ACTUAL
SIZE

Microfuses achieve low fuse resistance values with high reliability in ultra-fast blowing
characteristics. Microfuses can be hermetically sealed, suitable for potting applica«
tions. Glass enclosed visible filament. Microfuses available in 1/500 through 5 amps
at 125 V. Short circuit interrupting capacity 125 V—10,000 amps DC.

LITTELFUSE

Des Plaines, lllinois
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WORDS UNDER THE SEA

Underwater radio propagation 1is
vital to the U. S. Navy. Our Polaris
carrying nuclear submarines may
remain submerged for months on
end. Their only contact with the
world above is the Navy Fox broad-
cast. And only powerful very-low-
frequency c-w signals get through
the sea water.

The Navy knows its vlf well in-
deed. Stations at Annapolis, Mary-
land and Balboa, Canal Zone were
on the air before World War II.
During World War II, the big
16.88-Kc alternator at Haiku,
Hawaii came on the air using an
antenna strung between two moun-
tain peaks. Right after the war,
the rig was replaced with a 3 mega-
watt vacuum-tube job at Lualualei.

Big Jim, a 1-megawatt trans-
mitter with a frequency range from
14.5 to 835 Ke is located in a deep
valley at Jim Creek, Washington
(ELECTRONICS, p 98, Dec. 1952).
Now Big Jim has a brother; an-
other 1-megawatt rig near Camden,
Maine

By E. J. HILLIARD
U.S. Naval Underwater
Ordnance Station,
Newport, Rhode Island
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DIELECTRIC CONSTANT of sea
water at 17 C—Fig. 1

Getting Signals

Through toSubmarines

Characteristics of sea water and the air-to-water

nterface are highly unfavorable for electromagnetic

commumnication. Signal attenuation at high frequen-

cies 18 thousands of db per meter

SEA WATER IS KNOWN to be
an extremely poor transmission
medium for electromagnetic
waves. In tests made so far, no
windows have been found up to
100 Ge, and it is unlikely that
any will be found. Nevertheless,
for radio control of, or com-
munications with, submarines
or other submerged devices, sea
water and the air-to-sea inter-
face have characteristics that
allow some signal transmission.
The signal transmitted to the
submerged receiver can gener-
ally be maximized by using a
vertically polarized transmitting
antenna, since this allows the
maximum signal through the in-
terface and also minimizes the
dependance of signal strength
on angle of incidence.
Transmission parameters of
interest are attenuation, wave-
length and intrinsic imped-
ance, from 10 cps to 100 Ge. Also
required for an understanding
of radio transmission through
the air-water interface are

transmission coefficient against
angle of incidence for both
horizontal and vertical polariza-
tion of the incident wave.

The curves are for sea water
at 17 C. No attempt has been
made to determine how far the
values for other temperatures
will depart from those plotted.
These curves are intended as a
handy guide to electromagnetic
radiation into and through sea
water, and as a theoretical start-
ing point for further investiga-
tiop*»*

WHAT THE CURVES MEAN
—Of the many curves that can
be plotted there is space here
only for the most descriptive
and most useful. The dielectric
constant of sea water in the ra-
tionalized mks system is given in
Fig. 1.

Intrinsic impedance Z of sea
water against frequency is
shown in Figure 2, where Z =
E/H with FE in v/m and H in
amp/m. While the plot of phase

52
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S LO ‘ I E D I- I N E S FREQUENCY....... full waveguide band
SLOPE: . s s smsmmmmnnisiss 1.03 max.

PROBE. .variable depth adjustment and

built-in slide screw turner

O r O TRAVEL MEASUREMENT . .dial indicator
with 0.01 mm divisions

The TRG Model E740 pictured below is a highly accurate slotted line for microwave measurements
in the millimeter region. This is another concrete example of TRG’s effort to provide you with the most
complete line of millimeter components. Today, TRG is the one and only source for more components
covering the entire 26 to 220 kmc region than anyone else. Whatever your problem

— a component, or complete systems development — TRG has more of everything

it takes, including experience, to place the answers right in the palm of your

hands. Please write for Catalog 260A today.

TECHNICAL RESEARCH GROUP, 400 Border St., East Boston 28, Mass.

TRG MODEL E740 SLOTTED LINE provides highly accurate microwave measurements in the millimeter region. Precision
linear bearings and a smooth friction wheel drive assure accurate control, and long-life of the probe travel. The 0.003 inch
diameter probe features a variable depth adjustment, and a built-in slide screw tuner for optimizing the RF coupling to the
waveguide. The unit is neatly packaged in a rugged case to protect it against damage and dust.

1RO

PUTS
THE FUTURE
IN THE
PALM
OF YOUR
)

FREQUENCY RANGE-KMC A-band 26-40 B-band 33-50 | V-band 50-75 | E-band 60-90 W-band 75-110 F-band 90-140 G-band 140-220

MODEL NUMBER Under Development B740 | V740 I E740 w740 F-740 Under Development
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angle is somewhat distorted by
the log-log scales, the scale al-
lows the amplitude and phase
angle to be plotted on the same
graph. The plot shows that the
impedance varies directly as the
square root of frequency and
the phase angle stays at 45 de-
grees up to 100 Mec. The dip
in the phase angle curve cor-
responds with the minimum
in K., (relative dielectric con-
stant of sea water at 17 C) at
approximately 3.5 Ge.*

Wave length of electromag-
netic radiation in sea water as
shown in Fig. 3 varies inversely

100

as the square root of frequency
up to 100 Mc. Attenuation (also
shown in Fig. 3) varies directly
as the square root of the fre-
quency up to 100 Mc. Of interest
is the notch in the region be-
tween 3.5 and 4 Ge. The depth
of the notch, measured from
the local maximum at about 2
Ge, is at most 5 nepers per meter.
In db, this is 5 X 8.686 = 43.4
db. Since the level in this re-
gion is about 70 nepers per
meter (608 db per meter), the
percentage decrease is a minute
0.8 percent. Beyond this valley
the curve rises sharply to the

PHASE ANGLE

i
o
8

IMPEDANCE IN OHMS

00! i L

|
i

5
8

o

N\
i i
b

/
\
i
®
3
PHASE ANGLE IN DEGREES

i
1KC 10KC 100KC

1M
FREQUENCY

Fih i i i
omc loomMC 16C 106C 1006C

INTRINSIC IMPEDANCE rises exponentially as frequency increases.
Phase angle remains at 45 degrees to almost 100 Mc—F'ig. 2

10,00

1,000

100
WAVELENGTH (A} IN METERS

WAVELENGTH AND ATTENUATION

0.0t

1

\.
" “SATTENUATION (2) IN NEPERS PER METER

! i

i i 1
I1KC I0KC 100KC IMC

i il
10MC 100MC IGC 106GC 100GC

FREQUENCY

SIGNAL WAVELENGTH and attenuation of electromagnetic radia-

tion in sea water at 17 C—Fig. 3

imposing height at 100 Ge
of 4,000 nepers per meter or
34,800 db per meter.

I'igure 4A shows the varia-
tion of transmission coefficient
with angle of incidence for ver-
tical polarization of the incident
wave, For the lower frequencies,
the transmission -coefficient is
practically independent of angle
of incidence (¢) for angles be-
low 89.5 degrees. The angles of
refraction were always less
than 6.5 degrees for the values
of ¢ chosen. For 10 Gc and be-
low, the angles of refraction
were always below 1 degree.
Figure 4B shows transmission
coefficient plotted on an ex-
panded scale of angle of inci-
dence between 80 and 90 de-
grees.

Figures 4C and 4D are for
horizontal polarization of the
incident wave. Here the trans-
mission coefficient falls rapidly
toward zero as the angle of in-
cidence increases. At zero angle
of incidence, at corresponding
frequencies, transmission coeffi-
cients for both horizontal and
vertical polarization are identi-
cal (Fig. 4A and 4C). For a
wave directed perpendicular to
an interface, the sense of
polarization is lost.

FREQUENCY EFFECTS—As
frequency increases the trans-
mission coefficient increases, as
does the attenuation. In the
region of the frequency spec-
trum where 10 to 50 percent of
the incident field strength is
obtained on the under side of
the interface, the attenuation
is so high that the signals are
useless. In the region where at-
tenuation is more reasonable, the
losses through the interface are
large.

Figure 5 shows the total at-
tenuation to be expected through
the interface and through sea
water to any depth. Vertical
polarization of the incident sig-
nal was chosen because the trans-
mission coefficient is virtually in-
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MOST

VALUABLE

Why? Because the Varian G-14 bench top recorder
enhances the value of your other fine instruments.
How? By giving you an accurate, easy-to-read
analog record of the data they provide. For com-
plete information about the all new solid - state
G-14, or a demonstration in your own laboratory,
see your nearest Varian Recorder Representative,
or write the INSTRUMENT DIVISION.

IN YOUR
LABORATORY
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Features: Instantly selectable spans of 1 mv, 10 mv,
100 mv and 1 v. Pen speed 0.6 seconds full scale.
Accuracy 1.0% on 1 mv span; 0.5% on the other
three spans. Zener diode reference voltage. Excep-
tionally high input impedance allows source
resistances up to 100 K ohms. Full scale zero
adjustment plus suppression. Choice of two chart
speeds from 1”/hr. up to 16”/min. Price: $685.
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TRANSMISSION COEFFICIENTS for wvertically and horizontally polarized waves. At an angle of inci-
dence of zero, transmission is identical for both polarizations for the same frequency—Fig. 4

dependent of angle of incidence.
In addition the curves represent
the most favorable limit for total
attenuation. Horizontally polar-
ized signals will give higher val-
ues for all angles of incidence.

The following functions were
obtained graphically

a (interface) = 13.25 f~**

a (sea water) = 0.0037 D \/f
where f is the frequency in cps,
D is the depth of penetration in

MINIMUM ATTENUATION AT BEST FREQUENCY FOR VARIOUS

DEPTHS
D f for « Min. « Total at f
100 m 16 cps 13 nepers (113 db
p p
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ATTENUATION suffered by a signal passing through the air-to-water
interface and penetrating to a given depth increases with frequency.
Total attenuation curves are obtained by adding penetration loss to inter-
face loss—Fig. 5

meters and « is attenuation in
nepers. These values of attenua-
tion agree with the results shown
in reference 1. The frequency at
which the total attenuation is a
minimum for any fixed depth D

is
j B J787 1.76
N D

The table shows some repre-
sentative values for frequency f
and depth of penetration D. The
values for total attenuation are
optimistic, not conservative.

Frequencies different from
those given will increase the
total attenuation a, as will hori-
zontal polarization. In selecting
a carrier frequency for under-
water vehicle control systems,
the minimum interface-to-sea
water attenuation formula
should be carefully considered.’
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rec’'ti-lin"e-ar refined

New! An infinitely better rectilinear writing
movement, the latest achievement of Esterline
Angus master craftsmen, is now available in a
line of graphic instruments proven in over a half-
century of dependable, trouble-free performance.

Simply designed, compactly sized, ruggedly
constructed —it’s the kind of precision rectilinear
movement you’d expect from the manufacturers
of instruments with the highest reliability rating
in the industry. Called RECTIGraph, the move-
ment is a close-coupled, translating mechanism
with “V”’ jeweled pivots. It provides continuous,
skip-free records with (you’ll appreciate this!) a

minimum of maintenance. Calibration is locked-
in. It operates dependably under adverse condi-
tions and will not fail at crucial times.

Our complete line of rectilinear recorders is
most reasonably priced, and greater and greater
discounts apply as the quantity of recorders you
purchase increases.

For detailed information and
specifications, send today for free
copy of “Rectilinear Recorders.”
Address: ESTERLINE ANGUS INSTRU-
mMENT CompPANY, INcC., Box 596E,
Indianavpolis 6. Indiana.

Case design by Raymond Loewy

AMOS JACKSON,
veteran E A toolmaker

Excellence in graphic recording for over 50 years— ESTERLINE ANGUS
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100 MC PRESCALER

The Model 14-40 MC Prescaler is a plug-in unit designed to
work in conjunction with a Northeastern Model 14-20C
Counter and counters of other manufacturers. The Model
14-40 provides a basic 10 MC Counter with a 100 MC direct
counting capability. Even more important. the 14-40 provides
pulse resolution of better than 10 nanoseconds. (Note that in
most equipment a 100 MC count capability is not synonymous
with 10 nanosecond resolution.) An additional feature is
that the 14-40 extends the low frequency capability of the
14-20C from 10 cps to O cps. The 14-40 does not alter the
accuracy specifications of the basic counter; however, it
may store up to nine counts which are not read out.

Input
I)Impedance—SO ohms; Max. Freq. — 110 MC; Min. Freq.
DC; Sensitivity — 0.2 V RMS for sine wave, 05 V. peak
for pulses; Max. Input Amplitude —10 V. RMS, 10 V,
pulse; Pulse Resolution—9 Nanoseconds; Min, Pulse
Width — 4.5 Nanoseconds; Power Required—4 Amperes
@ 6.3 Volts RMS furnished by counter.

Controls
Polarity Switch — Selects plus or minus pulse input
polarity; Trigger Level — Adjustable from plus to minus
10 Volts.

NORTHEASTERN

Cut production and assembly costs with Hansen ENGINEERING INCORPORATED

SYNCHRON Clock Movements — 51mply AFFILIATE OF ATLANTIC RESEARCH CORPORATION
mount and attach hands. Precision-built, self- DEPT. 5A MANCHESTER, NEW HAMPSHIRE
starting synchronous movements meet the most “FISAS 50Y DN STAGER SERVICE CARD

rigid requirements of clock manufacture . . .
whether you’re producing the daintiest bedroom
or desk models, wall units for home and office,
large display clocks, or programming systems.
All moving parts constantly bathed in a sealed,
lifetime oil supply. Perfect balance and coor-
dination assure accuracy. (Covers or dust bands
available for most models.)

Design assistance by Hansen readily available
on your construction or design problems. Special
action no problem with Hansen movements for
pendulum clocks, oscillating clocks, etc.
Sustained accuracy for all clocks
. up to 26" diameter under glass
. . front, rear, or bottom set

.. 24,110, or 220 volts
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