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COUPLING OR
FILTERING
APPLICATIONS

RMVMIC Type B Discaps

Type B DISCAPS meet or exceed all EIA RS-165 specifications for Z5U ceramic
capacitors. Manufactured in capacities between .00015 and .04 MFD, Type B
DISCAPS are designed for by-passing, coupling or filtering applications.

A heavy ceramic dielectric element provides a safety factor where steady or inter-
mittent high voltages occur. Type B DISCAPS show a minimum capacity change
between +10°C and +85°C (see curve).

Type B DISCAPS are rated at 1000 working volts and cost no more than ordinary
lighter constructed units.

Write on your letterhead for additional information on RMC DISCAPS.
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RECRUITERS TELL YOUR FUTURE!

TIIERE WAS A TIME, NOT TOO MANY YEARS AGO,
when engineering seemed to be a fairly simple career.
You went to school, studied hard, and in due course
you got your degree. From there it was a simple
matter of picking a good company, learning the basics
of design or development, and, with just a little luclk,
progressing to a fairly challenging and rewarding
]osition.

If you wanted to look a little further, you might
see yourself with a small firm of your own—but in
any case, the jobs along the way all seemed very
interesting and reasonably remunerative.

li you still think that way, take another look. 1in-
¢ineering has changed—a great deal—in these recent
years. It’s no longer the simple profession that fol-
lows naturally from point to point, just so long as
you kee]» your nose to the grindstone. Without know-
ing it, you can be working yourself right out of a job.

We had our own rude awakening last month when
we attended a local “Recruiting Center.” It had
to do with the story on page 200 of this issue.

For those who haven’t been to a recruiting cen-
ter, it is simply a group of technical recruiters
from various companies who have gotten together in
some hotel or motel to interview local engineers in-
terested in either finding, or changing jobs. It is all
organized by one party, usually an employment
agency. The companies pay either a flat fee for par-
ticipating, or the normal employment fee if they find
engineers they want to hire.

In effect, this is the “market place” where engi-
neers with ability to sell are meeting the buyers—
the industrial firms looking to hire engineering talent.
And like most market places, this is a pretty heart-
less, dollars-and-cents atmosphere. There is no room
for fantasy, nor high flown promises.

Technical recruiters are no-nonsense people who
know what they are looking for, and exactly how
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much money they have to spend to get it.

Some of their judgements are harsh.

We went over some of the resumes with one of
the recruiters. He singled one out: “This fellow i1s
riding for a fall. His salary is way ahead of his
ability, mainly because he’s worked only on military
contracts.—Very narrow experience. We wouldn’t
be interested in him, even if he would take the salary
we are offering. We'd figure he was taking the job
just till he could find something better.

“The answer for him is to get his Masters, or else
get out of design and development work into an
allied field—sales or administration.”

We picked up another resume, an engineer, who
got his BSEE in 1954. He had been involved in a
series of layoffs. What did the recruiter think of this?
“We don’t go along with these stories about layoffs.
Maybe it’s true, but we figure if he was a good man,
they would have found a place for him.”

Recruiters also frown on *“‘specialization,” though
they have a certain sympathy for the problem. Our
friend pointed out one resume; an engineer, a B.A.
in Physics, over 12 years with one company, work-
ing on scanning devices. ‘“This man may be one of
the top men in this field, but right now he is just
another engineer looking for a job. It may take him
months, even years, to find another job like the one
he has now. le should have been more alert, kept
up his education, at least gotten his Masters. There
would be many more jobs open to him,”

On the other side, the “specialization” angle has
its funny side. Our recruiter friend waved a sheet
at us, “Here’s a gem! My company wants a physicist,
at least an MS, to handle their laser program. The
man should have a minimum of four years experi-
ence in laser design! Let’s see, the first laser was
built about four years ago—so there’s only one can-
didate for this job! —C.M.M.




ALL UNITS ACTUAL SIZE

ALL AXIAL LEAD BLUE JACKET RESISTORS

inl,2,3,5,7 and 10-watr power ratings are carried in
factory stock for immediate delivery. Place your order now with your
nearest Sprague District Office or Sales Representative.

Key Sprague Industrial Distributors carry most popular ratings in local stocks.
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Ariz, Phoenix, Sprague Electric Co., 3550 N. Central Ave., 279-5435 Mo. St. Louis, Sprague Etectric Co , 3910 Lindell Bivd., JE 5-7239
Cal. Los Angeles, Sprague Electric Co., 12870 Panama St., UP 0-753! or EX 8-2791 N.J. Camden, Sprague Electric Co., 545 Cooper St., WO 6-1776

San Francisco, W. J. Purdy of Calif., 312 7th St., UN 3-3300 N.M.  Albuquerque, Bowen & Carlberg Co., 2228A San Mateo Bivd., N.E., AM 5-1579
Colo, Denver, R. G. Bowen Co., Inc., 721 S. Broadway, RA 2-4441 N.Y. Mew York, Sprague Electric Ca., 50 E. 41st St., OR 9-1195
D.C. Washington, Sprague Electric Co., 2321 Wisconsin Ave,, N.W,, 338-7911 Great Neck, William Rutt, Inc., 123 Middle Neck Rd., HU Z-8160
Fla. Clearwater, Sprague Electric Co., 1152 Cleveland St., 446-3119 N.C. Winston-Salent, Sprague Electsi. Co., 928 Burke St., 722-515)
1IN Chicago, Sprague Electric Co., 5942 W. Montrose Ave,, MU 5-6400 Ohio Chagrin Falls, Sprague Electric Co., 24 M. Main St., CH 7-6488
Mass, North Adams, Sprague Electric Co., Marshall St., 664-4411 Dayton, Sprague Electric Co,, 224 Leo Si., BA 3-9187

Newton, Sprague Electric Co., 313 Washington St., WO 9-7640 Tex, Dallas, Sprague Electric Co., 3403 Lemmon Ave., La 1-9971
Mich. Detroit, ABM Sales Co., 10116 Puritan Ave,, UN 2-1300 Utah Salt Lake City, R. G. Bowen Co., Inc., 463 E. 3rd St., S., EM 3-4528
Minn,  Minneapolis, H. M. Richardson & Co., Inc., 9 €. 22nd St., FE 6-4078 Wash.  Seattle, Sprague Electric Co., 4801 Aurora Ave., ME 2-7761

For application engineering assistance write:
Resistor Division, Sprague Electric Co., Nashua, New Hampshire.

SPRAGUE COMPONENTS

RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

PACI

CAPACITORS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES :

MICROCIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS

INTERFERENCE FILTERS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS “Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co.
48C-100
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COVER: Artist's conception of a C - band signal comparator. This
comparator feed system forms an integral component of a high-
power monopulse radar system. It provides the proper phases and
amplitude characteristics for the transmitted and received signals,
obtaining optimum tracking accuracy in both elevation and azimuth
planes. Our thanks to Gombos Microwave Inc. for their cooperation.
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Did you know Sprague makes..?

( MAGNETIC
LOGIC DEVICES

ing and storage applications

Core-diode and core transistor
magnetic shift registers and
magnetic counters for switch-

Lcomputer and logic circuitry. J

B ( MOLDED 3
PULSE TRANSFORMERS

|

Miniature Pulse Transformers
with tough molded cases for
increased protection against
in physical damage and severe

atmospheric conditions.
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NANOSECOND (SOMETHING NEW IN
PULSE TRANSFORMERS NN
_ TECHNIQUES

IN TO-5 @;
TRANSISTOR CASES mr Simple yet
Special design offers dis- versatile, £
tinct advantagges: (1) Mini- JOWEEOS ¢
fied size. (2) Welded her- yet reliable
metic seal. (3) Increased counters

reliability. (4) Compatibility
with transistor mounting
techniques.
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available for predetermined
(2 to 11) or selectable (5

through 10) counting cyclesJ
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( )

DYNACOR®
BOBBIN
CORES

NN

Series “300” Cores
with logical flux val-
ues in popular phys-
ical sizes are stocked
in production quanti-
ties for fast delivery.
They're value engi-
neered for quality
with economy!

Ve Y,

performance under
environmental conditions. J

HERMETICALLY-SEALED )
TO-5 ENCASED (8 |
SWITCH CORES

Designed especially for high-speed,
low-power switching up to 100 kc,
adaptability with conventional tran-
sistor packaging techniques, and

MIL-S-21038
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& ELECTRONIC MODULES TO 2

LSS J

CUSTOMER REQUIREMENTS
Sprague’s Special
developed and produced with countless

;_._;.E.___»’" Custom packaging
Products Division,
variations in electrical characteristics and

is no novelty at
where “specials” are continually being
mechanical configurations.
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For application engineering
sistance (without obligation,

ucts, write or call

Adams, Massachusetts.

8§P.111.63 R

4

of ®
course) on any of the above prod-
the Special

Products Division, Sprague Electric
Company, 233 Union Street, North
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THE MARK OF RELIABILITY

‘Sprague’ and ‘() are registered trademarks of the Sprague Electric Co.
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New Bridge Design
For Safe, Accurate,
Easy Measurement
of 'Lytic Capacitors

The Sprague Model 1W2A Capaci-
tance Bridge introduces new, im-
proved technical refinements as well
as restyling for added attractiveness
and ease of operation. Built by ca-
pacitor engineers for capacitor users,

it incorporates the best features of

bridges used for many years in
Sprague laboratories and produc-
tion facilities.

Precision Measurements over Entire
Range from O to 120,000 .F

The internal generator of the IW2A
Bridge is a line-driven frequency con-
verter, and detection is obtained from
an internal tuned transistor amplifier-
null detector, whose sensitivity
increases as the balance point is
approached. It has provision for
2-terminal, 3-terminal, and 4-termi-
nal capacitance measurements, which
are essential for accurate measure-
ment . .. + 19 of reading 4+ 10uuF
... of medium, low, and high capac-
itance values, respectively.

No Damage to Capacitors

The model 1 W2A Capacitance Bridge
will not cause degradation or failure
in electrolytic or low-voltage ceramic
capacitors during test, as is the case
in many conventional bridges and
test circuits. The 120 cycle A-C volt-
age, applied to capacitors under test
from a built-in source, never exceeds
0.5 volt! 1t is usually unnecessary to
apply d-c polarizing voltage to elec-
trolytic capacitors because of this
safe, low voltage.

Complete Specifications Available
For complete technical data on this
precision instrument, write for Engi-
neering Bulletin 90,010A to Technical
Literature Service, Sprague Electric
Company, 233 Marshall Street,
North Adams, Massachusetts.

4SSP-120-8Y
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ARTICLE RIGNUGHTS

of this issue

Microwaves—A Market in Transition 58 - ‘fi

Microwave is a comparatively young field that is al-

ready going through advance stages of change. New C
technology creates new components and hardware. -3
Makers and vendors clutch at fast waning markets ‘ m
on one hand, while trying to foster, woo and balance v

new customers on the other. Possible answers—
build up foreign markets and find new domestic uses. ¢

A2

New Developments in Laser Weapons 78

Lasers provide an exciting “quantum jump’ for
weaponry. Weapons of the brute force, searing:
heat variety can be expected soon. There will
be more refined laser guns that rely on reso-
nance effects or interactions with the target.
Here's what they look like and how they work.

L

Microwave Diodes—A Progress Report 86

The field of microwave diodes is making rapid advances. Higher cut-
off frequencies, lower noise figures, and longer life are some of
the advances, with more to come. Here is a report of today’s tech-
nology and predictions of advances to come in the next year or two.

New Developments in Luneberg Lens Antennas
100

In the area of microwave antennas, a good deal of
significance is being attached to lens-type construc-
tion. The Luneberg lens described here offers un-
usual multiple-beam and scan capabilities. It is
being included in the specifications for a number
of pieces of sophisticated military equipment.

The Other Side of the
Engineer Shortage! 196

Is there really an engineer
“shortage,” or is it that engi-
neers are being wasted? Many
engineering jobs still go begging
each year. Here is a report
that may startle many people.
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Six Tape Recorders
Stacked on a Bench

Slide 6 magnetic-tape cartridges into the trim
1Y2-cubic-foot transport of a KRS DATA-Stact™
Portable Instrumentation Recorder. Give each
cartridge double-bandwidth record/reproduce

channels. Equip the transport with plug-in, in-

terchangeabie FM and Direct-type electronics.
Result is a remarkable 6-in-1 recording system
with up to 12 channels of data-logging capacity.

REVERSIBLE CARTRIDGES

Reliable, smooth-running KRS STACTape™ Car-
tridges were designed for use in DATA-Stact
Recorders to meet highest instrumentation re-
cording standards. Only in KRS STACTape Car-
tridges can you reverse tape direction to edit
data. The housing contains up to 1,200 feet of
continuous-loop Y-inch instrumentation Mylar
tape. You never touch tape during operation or
storage.

™ Trademarks of KRS Electronics

Send for the
vital statistics that are found only in
Instrumentation Bulletin DR-2.

ELECTRONICS
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MULTI-CHOICE OPERATION

With a STACT Recorder on line, you can record
and reproduce data on any number of channels
singly, sequentially, or simultaneously with
precise synchronous start-stop operation of the
6-cartridge stack. Backlighted pushbutton con-
trols make operation practically foolproof. A
single connector provides for remote control of
all cartridges.

THE ONLY BENCH MODEL WITH S.A.*

Simple design and careful manufacture of KRS
DATA-Stact Recarders assure years of faultless
data-logging perfermance. The transport uses
only two moving parts: (1) A single extended
non-slip capstan, and (2) a quiet, cool- -running
synchronous motor. All-solid-state electronics
require little maintenance. Prices range from
$2,500 tc $7,000.

* Stack-Able design

Oept. EA.
4035 Tramsport Street
Paio Alto, California
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Two reliable techniques
for finding faults on cables

TRADITIONAL

~2r

Step 1. Dispatch a field engineer to closest cable
termination beyond the fault site.

Step 2. Field engineer attaches a pair of test leads
to the tie point, completing a Wheatstone bridge
circuit to the central station.

Step 3. Fault on cable changes resistance on one
side of the bridge; an operator at the central station
adjusts resistance on opposite side of circuit to bal-
ance the bridge.

Step 4. When the galvanometer reaches the zero
point, the operator reads amount of resistance in
ohms required to balance the bridge.

Step 5. Turning from meter to map file, he con-
sults a table to find the gauge of cable section under
test.

Step 6. Operator calculates resistance of that
gauge cable in ohms-per-feet.

Step I. Resistivity of cable in ohms-per-feet is
divided into ohms resistance required to balance
bridge circuit.

Step 8. Dividend equals distance in feet from tie
point back to cable fault (without compensating for
changes in ambient temperature and humidity
which can affect performance of the bridge circuit).

For further information on this widely used technique of
fault-finding, collar any power engineer who has had exten-
sive experience on a test board.

MODERN

Step 1.Assign an operator to scan up to 30 miles
of cable through a Sierra 370A Cable Fault Locator.

Step 2. See opens, shorts, or impedance variations
the instant they occur; read distance to fault di-
rectly in feet from the pip on the scope.

For further information on this time and labor-saving tech-
nique of pinpointing cable faults, get in touch with Sierra
Electronic Division of Philco. Ask for data on the Model
370A Cable Fault Locator. While you're at it, you might
call in your nearest Sierra sales representative for a fault-
finding demonstration.

SIERRA ELECTRONIC DIV.

PHILCO

Ch 77
A SUBSIDIARY OF ‘ﬁ'rgl/j/@/or Company,

Sierra Electronic Division/3885 Bohannon Drive/Menlo Park 2, California
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-~ rpsearch inversely proportional to part size

Asthe size of the things we work on at Erie Techno-
logical Products has grown smaller and smaller . ..

The size of the talents and the group we have
available to work on them has grown larger and
larger . ..

Continuing enlargement of research facilities

. . additions of outstanding, dedicated special-
ists to our research staff . . . increased involve-
ment by both research staff and engineering
people in research projects . . . continuing em-
phasis by Production on improving established
quality standards . . . all these are evidence of
today’s thinking at Erie Technological Products,
Inc. . .. where Research, Production, and Quality
Assurance are combined in highest reliability
products for electronics.

May we tell you more...in an across-the-desk

discussion?

Interior of a special high-vacuum unit showing a
special developed fixture used in coating thin-
film substrates.

WHERE IMAGINATION CREATES VALUE IN ELECTRONICS

TECHNOLOGICAL

PRODUCTS, inc.

formerly Erie Resistor Corporation 644 West 12th Street
Erie, Pennsylvania
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RADARSCOPE

Analyzing current developments and trends
throughout the electronic industries that will shape
tomorrow's research, manufacturing and operation

P = - ey

EARLY WARNING TRAINER

Engineers check the control operations of the simulated cock-
pit, a part of the E-2A Hawkeye early warning and intercept
control trainer. The trainer, togetker with a simulating sys-
tem for the A-6A Intruder attack bomber, was ordered by
Goodyear Aerospace by the Navy, and is set for testing soon.

HARDWARE TECH MANUAL COSTS in the
millions of dollars have been saved on a vearly
basis through a joint gavernment-industry pro-
gram. carried out by DOD and Acrospace Indus-
tries \ssociation. Areas under corrective action, un-
known to the public, involve thousands and thou-
sands of technical manuals that go with “hardware”
made and delivered hy the aerospace industry to
the DOD, according ta AIA.

REMOTE RADIATION SENSING, an advanced
technique for the armed services, has an economic
future, reports Univ. of Michigan scientist, I. O.
Morgan. Remote sensing is detecting and measur-
ing radiation at a distance from the emitting or
radiating object. All abjects above absolute zero
give off electromagnetic energy that can be sensed
or detected. A number of detecting devices have
been tested and produced at their laboratories at Willow
Run for the military. Commercial uses could include
survey of crops and forest fire detection.

10

NEW ELECTRON BEAM DEVICES may result
in more sophisticated yet simpler electronic sys-
tems. Dr. Howard Scharfman, of Raytheon's Micro-
wave and ’ower Tube Division, described the new
concept as SPEED, which is Signal Processing in
livacuated Electron Devices. Complex military svs
tems growth up to now had bheen retarded by the
lack of advanced microwave parts. Raytheon’s
Spencer i.aboratory is working on a high power
beam phase shifter that employs low voltage video
grid signals for phase control. The study has pro-
duced a tube less complex than a power amplifier
of equal status. reports Dr. Scharfman. The tube
should be less costly and long lived. He called for
the use of beam devices with solid state techniques

within tube designs.

SYSTEMS THAT LEARN TO RECOGNIZE
PATTERNS are under study at ITT in San Fer
nando. Calif. Humans have amazing talent in adapt-
ing to pattern changes. They retain recognition of
the pattern despite changes. The image in human
memory after the change is then that of the altered
pattern. The process can go on without stop until
the pattern has almost no similarity to the original
pattern. According to Dr. G. H. Ball, who heads the
I'T'T" group. the only criterion is that each change
must not be too severe. Under an Air Force contract.
[TT will study electronic systems to perform simi-
lar adaptive learning methods. Also, a system that
can ‘“‘learn” by itself—starting with no specific
knowledge of desired pattern—will be considered.

TWO ELECTRONIC DEVICES, developed at
Franklin Institute Laboratories, will help Princeton
University study animal and then human biological
rhythms. Oue device is a temperature-sensitive trans-
mitter to be placed in small animals for temperature
study. I Engincer Robert Goodman said the tiny
three-gram telemeter will transmit data on as little as
0.1°C. temperature change. Tt uses only 10pw of power.
It consists of a mercury cell, thermistor, silicon triode,
coil, two capacitors and a fixed resistor. The second
device is called an actograph. Tt is a series of detectors
in a box that can sense when its cockroach inmate eats,
drinks and strolls. Once in space, the roach’s move-
ments in and around the actograph can be monitored
continuously. NASA is underwriting the study and
wants to ind out whether man is really dependent on
earth environment and lunar cvcles hefore he takes
long space trips.
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SILICON CARBIDE DIODE permits direct and
continuous conversion of clectric current to coherent.
monochromatic laser light, at room temperatures. This
new laser technology was revealed by Tyeo Labora
tories. Inc. The diode operates at current densities as
low as 120 amp per sq. cin. Light output is blue at
4300 X, shortest wavelength so far for diode laser
action. The TLU laser can, in principle, be operated
from a storage battery. [ts output can be varied simply
by changing the current flow. TLI president. Dr. A ].
Rosenberg. says that silicon carbide is an ideal sub-
stance for a diode laser. It is very rugged. free from

contamination problems, and can withstand gieat heat.

SATELLITE COMMUNICATIONS REVENUES
might reach between $30 to $100 million yearly
by 1970. They could hit 8300 million by 1975. reports
S. 1. Reiger. Manager of Svstems Analysis for Com-
niunications Satellite Corp. Markets for such a system
will first come from overscas voice messages, leased
lines. data sending. and most likely from T\ programis.
Mr. Reiger suggests that, for the system to be seli-
paving by 1970, there should he assurance that orbit
life will be at least a few years. Tle said, in effect, tha
a random. medium altitude system like Telstar would
necd 24 satellites with a guarantee of three to five vears
orbit life eacl.

MAN-MADE HELIOTROPE

The sun-seeking flower stays in the garden, but this space age
Sol-seeking device will help a satellite stay heads up while in
orbit. Art Stoliar, Bulova Watch Co. physicist, studies model of
his sun position indicator designed for Lockheed's Agena series
of satellites. The device will report exactly where the sun is.

SUPER-SENSITIVE AMPLIFIER

Small white dot in the lens is a photodetector-parametric am
plifier which Sperry Rand says will booct by 100 times the re
ceives sensitivity of laser and radar systems. Called a phofopar-
ametric diode (see paperchp inset) tests gave amplification of
less than 10 ° watt of light, response from dc to 2 GC.

GOLD MAY BE A SUPERCONDUCTOR, sa)
physicists at the University of California at San Diego.
Until now. no superconductivity has ever been found
i either copper, silver or gold. Aluminum, a good
concuctor at high temperatures, increases in conduc-
tivity by more than ten billion when cocled to cryo-
venic temperatures—at or below —42299° . The

Cali‘ornia researchers found that a bariwm-gold alloy
hecomes superconducting at 0.7° K (—+457.7° ). Gold

alloys had to he used since superconducting degrees for
pure gold are too low to be reached by standard cryo-
siats (low temperature equipment).

FOUR NEW METHODS of converting bhasic
energy into electricity without any moving parts
are being explored by RCA. Two methods, solar
cells and special Datteries, are now being applied
i:1 space power uses. Two others are thermoelectric
and thermionic energy canversion. They are being
developed to meet demands for larger-capacity
power generating systems needed for future deep
space probes. Their required heat may be supplicd
by compact nuclear reactors or radioisotopes. These
techniques niay one day have commmerciul use.

(More RADARSCOPE on Page 13)




Tough customer for tough customers with tough customers.

If vour electrical equipment has to meet rugged environ-
mental conditions where failures are too costly to be
allowed, and this makes you a tough guy to please, you’ll
be ‘nterested in our QWLD connector.

It’s tough enough to take the brunt of heavy-duty
applications such as in missile launching equipment,
ground radar, or power and control circuits, as well as in
mining or oil field applications.

Circle 7 on Inquiry Card

Five integral keys and keyways provide for positive
polarization and positive mating even in blind locations.

Other features include improved waterproofing, closed
entry socket contacts, self-ejecting coupling action. The
connector is designed to meet military specification
MIL-C-22992 (ships). For more information, write us in
Sidney, New York.

Scintilla Division . 9%/
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RADARSCORE

SPACE COMMUNICATIONS
SYSTEM that uses an
tronic boomerang” to increase qual-
ity and quantity of data sent to earth
from satellites was announced by
General Telephone and Electronics
Corp. Developed for the Air Force,
the system self-directs its signals to

“elec-

any earth station that requests data.
Return signal follows the same path
as request signal. Heart of the sys-
tem is a set of antennas that steers
beamis without altering the anten-
nas’ positions or that of the satellite.
Engineer Walter Serniuk said that
a ‘“‘retro-directive phased array”
technique enables the system to re-
direct signals in an instant along the
sante path used by data request sig-
nal. Present satellite systems must
send signals over a large area of the
earth’s surface to contact a specific
ground station.

VACUUM DEPOSITED THIN
FILM CIRCUITS, by Melpar,
Inc., held up under transient bursts
of high energy gamma radiation and
high temperatures. Recent tests on
all-vacuum deposited flip-flop cir-
cuits showed that the circuits were
not altered in any way under high
radiation.  Circuits single
crystal, junction devices, however,
changed state under 1,000 times less
radiation. Melpar is making and
testing the circuits under a Bu-
Weps contract.

using

SUPER-POWER KLYSTRON
is being studied for the Air Force
by Eitel-McCullough, Inc. In first
phase of study, transmissions of
more than 2,000,000 watts dc have
been achieved. Beam power concen-
tration exceeded 60,000,000 watts
per sq. in. This is equal to energy
1,500 times greater than that of the
sun’s surface, noted Eimac’s Dr.
(eorge Caryotakis. Phase one goal

ELECTRONIC INDUSTRIES -

was to control sustained megawatt
of dc power through a drift tube
into a collector with 99.9% trans-
mission or better. Second and final
phase is the design of rf elements.
Project goal is to determine whether
it is feasible to produce an X-band
klystron capable of 1,000,000 watts

C\V average power output.

SYNTHETIC RUBY GROW-
ING with high optical quality for
lasers is under study at Battelle Me-
morial Institute. New method in-
volves dissolving substances in a
molten oxide or fluoride flux. The
substances are crystallized alumi-
num oxide with a trace of chromium
oxide. Mixture is heated to dissolve
oxides. On cooling, the rubies crys-
tal-out. Aluminum oxide crystals
can be used to seed or start the
In this new flux method,
the ruby crystallizes at tempera-
tures as low as 1,350°F, far below
the present commercial flame fusion
method at 3,500°F.

process.

MINIATURE ELECTRONIC
CIRCUITS in a chip of silicon
the size of a match head promise
much in systems capabilities. They
also pose challenges. To help cir-
cuit designers get the most out of
these micro-devices, Battelle Me-
morial Institute is looking into ways
to define and illustrate their proper-
ties. The study is being done for
the Naval Air Development Center,
Johnsville, Pa. Lawrence H. Stem-
ber, Jr., head of the study, says that
standard methods of circuit analysis
are not adequate for use in micro-
electronics. How a circuit will act
may be predicted from knowledge of
single circuit parts. But when parts
are collected into one small micro-
unit, component interaction makes
this impossible. Hence, overall per-
formance must be studied.

November 1963
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If it isn’t one thing,
it’s another.

(Bits and pieces about our prod-

ucts and how they are used.)

Announcing that we make short-
ing plugs (as if you didn’t know).
Some of our customers have been
buying shorting plugs from us for
several years now, and it occurred
to us that a lot of people may not
know that we even make them,
since we’ve never said anything

about them in our ads.
The secret’s out.

We make several dozen special
plugs and receptacles for connect-
ing and protecting electrical cir-
cuits in various types of electrical
and electronic equipment. We call

them “shorting plugs.”

If you have a need for such a
device, we’ll send you complete
information. Just drop us a line
at 1001 S. Grande Ave., Santa

Ana, California.

Scintilla Division

Circle 8 on Inquiry Card
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H-W MAGNETIC AMPLIFIER
ARMCO ORIENTED 1

Tests Made on Epstein Samples
Annealed of 1325 F After Shearing
Flux Porollel to Rolling Direction
Negligible Joint Ettects
Assumed Density 7.65 groms per cu cm
400 CYCLES PER SECOND

At O bios, NIm = 10 Oersteds

Ar Cut

How Armco Thin Electrical Steels
Help You Design Low-Cost, Efficient Apparatus for
400 Cps and Higher Frequencies

4 Mils Thick

Curve No. 6019

At B = 10 Nitogousses

Wi, = 00344 Watts per Pound per Cycle

i A1 B =S Kilogeusses

Wh = 00717 Wolts per Pound per Cycle

At B = 18 Kilogousses

Wh = 0123

D-C HYSTERESIS LOOPS

A! Peck Inductions of

10, 1S ond 18 Kilogousses
ARMCO ORIENTED T-S
4 Mils Thick

16

Tests Mode on Epstein Somples

Annealed ot 1325 F After Shearing
Flux Parallel Jo Rolling Direction
loint Ettects

Assumed Density 7.65 grams per cu <m
Curve No. 6025

D.C Control Bias—Qersteds

Armco TranN-Cor T, Oriented T, and Ori-
ented TS provide all the advantages of high
quality, low-loss electrical steels plus a wide
range of magnetic properties and thick-
nesses, You can design more precisely and
produce reliable components at least cost.

Thin Armco Electrical Steels offer all these
advantages:

Exceptionally high permeability

Low hysteresis loss

Minimum interlaminar loss

High lamination factors

Properties fully developed at the mill

Unexcelled uniformly high quality

\ I

A 5 8 1 3 5
Magnetizing Force —Owersteds

7

Armco Tran-Cor T, a nonoriented grade,
is produced in 7 and 5 mil thicknesses;
Armco Oriented T in 6 to 1 mils; and Armco
Oriented TS, a super-oriented grade, 4 mils
thick.

Use the multiple advantages of Armco
Thin Electrical Steels for radio and televi-
sion transformers as well as magnetic ampli-
fiers, reactors, pulse generators and other
components that operate at 400 and higher
cps. Write us for complete information,
including design curves. Armco Division,
Armco Steel Corporation, Dept. A-383, P. O.
Box 600, Middletown, Ohio.

ARMCO Armco Division

V

Circle 9 on Inquiry Card
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Special Report
From AMP On

COAXIAL
CABLE
CONNECTORS

What are the advantages of one-crimp terminations?

Do coaxial cable connectors with crimped terminations
conform to military specifications?

When can coaxial cable with inexpensive
insulation be used?

What other advantages are to be found
in matching terminal and tool?

A growing market. More complexity. Higher and higher fre-
quencies. Progressively greater need for noise reduction in
very high to ultra high radio frequency circuits! These are the
ingredients that virtually guarantee continuous rapid growth
in the use of coaxial cable connections.

In which direction is progress headed? We maintain that it is
toward speed and simplification. And if this premise is upheld,
we submit that the development of one-crimp solderless termi-
nations with matched tooling for coaxial cable connectors is
the ultimate answer to the problem.

Circle 67 on Inquiry Card




What are the advantages of

one-crimp termination?

Before we answer this question, let us
briefly point to the fact that over the past
two decades compression-crimping of nu-
merous types of basic terminals and con-
nector contacts has enjoyed rapid and sus-
tained growth. However, only in recent
years has this technique been applied to
the more involved task of terminating co-
axial cable.

With matched terminal and tool there is
no room for error. Every tool is precisely
calibrated to produce the exact pressure
needed to form what virtually amounts to
a cold weld of the terminal or terminal
barrel and the conductor. Crimping dies
made of tool steel alloys converge on the
areas to be crimped simultaneously, and
bottom fully before they can be released,
to produce corrosion-resistant connections
that are virtually free of voids.

In the ever-broadening field of coaxial
cable connectors, the AMP crimping
method provides special—and exclusive—
advantages. Unlike soldering, which calls
for five separate operations, and other
crimping methods that require two crimps
and awkward assembly procedures, AMP
alone offers a rapid one-step technique
which terminates the inner conductor, the
outer braid, and the cable insulation sup-
port at the same time.

Properly stripped cable,
shield ferrule, and pre-

wea -

!\ One-crimp termi-

nates inner con-
Crimping dies in tooi enter through ports
and crimp center conductor.

ductor and outer
braid plus insu-
lation grip.

Crimping dies converge
on ferrule over braid and cabie insulation

Both of these crimping operations occur simultaneously.

One simplified opera-
tion provides a low-
loss low-cost coaxial
termination.

i

With the AMP method, the elapsed
time for completing most coaxial cable con-
nections is between seven and ten seconds,
compared to as much as fifteen minutes for
assembling and terminating several con-
ventional types of coaxial terminations.

This means better connections that are
electrically and mechanically stable. And
it means connections that are identical in
appearance and performance made in less
time at lower applied cost than by any
other method.

* Trademark AMP INCORPORATED
t Trademark of DuPont

Do coaxial cable connectors
with crimped terminations
conform to military specifications?

The answer is “yes.” All A-MP*
COAXICON connectors meet the require-
ments of MIL-C-3608A and MIL-STD-
202B where applicable. As an example, the
A-MP BNC COAXICON connector, a
bayonet locking type, has a nominal im-
pedance of 50 chms and, as with all other
A-MP Coaxial Cable Connectors, the cen-
ter conductor and cable braid are crimped
simultaneously. The following tests were
run on A-MP BNC connectors having the
same mating dimensions as the UG88 C/U
plug and the UG89 B/U jack.

In the test for dielectric withstanding
voltage, mated connectors were tested in
accordance with method 301 of MIL-STD-
202B. Test voltage of 1500 volts r.m.s. was
applied between the center contact and
outside shell, and held for 1 minute. Re-
sult: All samples withstood the 1500 volts
r.m.s. difference of potential for theminute.

For salt spray the connectors were tested
to method 101, test condition B (20%, solu-
tion for 48 hours), of MIL-STD-202B as
required by MIL-C-3608A. When the test
was completed, the connectors were
washed, shaken, air blasted, then per-
mitted to dry for 24 hours at 40°C. Re-
sults: There was no evidence of destructive
corrosion or pitting following the test.

Insulation resistance of the mated con-
nectors was measured between the inner
conductor and outer shell conforming to
method 302, Test condition B (500 volts
potential and electrification time of 2 min-
utes), of MIL-STD-202B. Measurements
were made using a megohmmeter, and the
guard circuit was used to prevent leakage
currents along the coaxial cable dielectric
material. The length of cable crimped to
the connector was less than 1 inch. Result:
Samples had an initial insulation resist-
ance of more than 2,000,000 ohms follow-
ing the salt spray.

In a separate series of tests, voltage
standing wave ratio (VSWR) measure-
ments were made and cable retention
forces measured when used with RG-58
C/U coaxial cable.

The VSWR measurements were made
as follows:

(a) A long length of cable—approxi-
mately 500 feet of RG-58 ¢/u—was assem-
bled to a Type N connector and connected
to a slotted line through either a double
stub tuner or a slide screw tuner.

(b) At the test frequencies the double
stub tuner was adjusted so the VSWR
recorded on the Standing Wave Indicator
was 1.01 to 1 or better.

(c) The cable was cut and a test con-
nector pair was inserted a short distance
away from the Type N adapter so that the
attenuation of the cable between the
adapter and connector pair under test was
negligible.

(d) At each test frequency a pre-tuned
double stub tuner or the slide screw tuner
was pre-set to the setting from step (b).
The cable-to-cable VSWR of the connector
pair was then obtained on the Standing
Wave Indicator.

BLOCK DIAGRAM FOR VSWR MEASUREMENT

! 3 ! s - Long Length of Cable
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1. R. F, Signal Source 4. Standing Wave
2. 10 db Attenuator Pad Indicator
3. Slotted Line 5. Double Stub Tuner

6. Connector Pair Under
Test

Between the test frequencies of 500 meg-
acycles and 4,000 megacycles, the VSWR
ran from a minimum of 1.04:1 to a maxi-
mum of 1.32:1, and in every instance cable
retention force of the plugs and jacks
tested, with a tensile machine pulling at a
rate of 1 inch per minute, was in excess
of 70 lbs.

When can coaxial cable
with inexpensive insulation be used?

In many general applications, one of the
disadvantages of soldering is the antici-
pated recurrences of burned or severely
damaged insulation. This negative factor
assumes special significance in coaxial
cable terminations. With the AMP crimp-
ing procedure, both the inner conductor
and outer braid are crimped simultane-
ously. Other methods may call for solder-
ing both the inner conductor and outer
braid, or soldering the inner conductor and
crimping the outer braid, both necessitat-
ing the use of cables with high-cost, high-
temperature dielectric material.

Many A-MP coaxial cable connectors
intended for non-critical temperature en-
vironments utilize relatively inexpensive
polyethylene or polypropylene insulation,
with temperature limits as high as 240°F.
Polypropylene, for example, has a dielec-
tric constant of 2.2, water absorption of
less than .01%,, and temperature tolerance
of up to 240°F. This is ample protection
for a wide variety of commercial and some
military uses. However, wherever tempera-
ture becomes a critical factor, ranging as
high as 550°F., TEFLON+Y dielectric ma-
terial is used.

What other advantages are to be found
in matching terminal and tool?

First of all, A-MP coaxial cable connec-
tors, whether the operation calls for con-
necting a single cable or multiple circuits,
are characterized by speed and ease of as-
sembly resulting in sizeable production
economies. But even more important is
the electrical integrity of the connection,
with the functions of the inner conductor
and outer braid perfectly balanced in their
respective roles. Regardless of the type of
connector—Standard or Twin, BNC,
Threaded, Miniature or Sub-miniature,
etc.—every COAXICON Connector is de-
signed to operate with maximum sustained
capacity in the performance of the function
for which it was designed.

COAXICON connec-
tions of identical
electrical integrity
by the tens or tens
of thousands.

With this in mind, let us briefly review
the chief characteristics of this product.
. Aside from the primary advantage of the
time-and-money-saving one-crimp opera-
tion already discussed, the list begins with
simplification of cable preparation. With
the AMP technique only two stripping
operations (compared with three for other
techniques) are required. Moreover, a far
less critical tolerance is indicated. Second
point of importance is that the inner con-
tacts are firmly stabilized. This provides
better all-round performance especially
under conditions of extreme vibration. The
third advantage consists of high cable re-
tention forces for both plugs and jacks.
For the BNC series for example, cable

@© Copyright 1963 by AMP INCORPORATED. All International Rights Reserved. A-MP® U.S.A.
and foreign. A-MPw products coyered by U.S, and foreign patents and/or patents pending.




retention has been measured at 70 lbs.
minimum on RG-58. Fourth, as previously
noted, with the AMP method, there is
never any danger of heat damage to any
size cable. Fifth, low voltage standing wave
ratio is always the rule rather than the
exception. Sixth, a significant reduction in
noise level has been achieved—an especi-
ally noteworthy factor in connection with
eritical missile and guidance applications.
Seventh, matching of terminal and tool, an
exclusive AMP development, produces
compression-crimped terminations of uni-
form quality—each an exact duplication in
both physical and electrical characteristics.
Finally, A-MP coaxial cable connectors,
because of the nature of the crimping oper-
ation, eliminate rejects in final checkout,
that occur with solder type connectors.

This evaluation covers only the more
conspicuous points of comparison. From
here on we give you a brief resumé of the
developments of radio frequency transmis-
sion and how it has been directed in pro-
gressive steps to more sensitive and com-
plex functions. This will be followed, in
turn, by some factual data about various
types of A-MP coaxial cable connectors
that help channel electrical energy into
innumerable step-by-step or fully pro-
grammed procedures.

The need for and development
of coaxial cable

When alternating electrical energy is
transmitted through ordinary conductors,
any considerable increase in frequency
towards radio frequency causes problems.
As the rate of change rises into the mega-
cycle range, the expansion and collapse of
magnetic fields forces the current to travel
towards the outer surface of the conductor.
Also, constant and rapid fluctuation of
electromagnetic energy causes both heat
generation and power dissipation.

Another problem common to every type
of transmission line is radiation. This is
true, for example, of the type of transmis-
sion line used to carry telephone impulses.
Cross talk and hum are frequently heard,
despite the fact that frequencies rarely ex-
ceed 5,000 cycles.

Introduction of shielded wire was the
first approach to these problems. This
helped reduce the radiation problem, but
heat dissipation or energy loss remained.
Next came the open transmission line
where the spacing between the two wires
was exactly maintained. This produced a
balanced transmission line in which un-
wanted radiation and induction cancelled
themselves to a great extent. The obvious
limitation here is that the spacing of the
two wires must be maintained, and the
open wires become highly impractical in-
side radio frequency equipment.

Coaxial cable, first introduced in the
1930’s, was the most practical solution in
the operation of radio frequency trans-
mitters in the very-high and ultra-high fre-
quency ranges. The earliest version, which
has been improved and refined, is still
basically unchanged. It consisted of a solid
center conductor surrounded by a dielec-
tric material covered by a braided outer
conductor which, in turn, was protected by
outside insulation. This arrangement offers
minimum radiation with maximum flexi-
bility. The spacing of the two conductors
permits rf impedance to be accurately
inaigtained and losses to be closely calcu-
ated.

The coaxial cable termination technique

In the beginning, soldering was the
standard, accepted method for terminat-
ing coaxial cable. However, with the de-
velopment of radar systems, microwave
devices, satellite instrumentation, data col-
lecting and processing equipment, and
many other complex electronic devices, a
faster, more advanced method became

highly desirable. From the outset, it was
obvious that any standard method for con-
necting ordinary wires could not be used.
Should the inner conductor and braid be
connected to any standard type terminal,
excessive heat generation and power loss
would be inevitable. Eliminating the spac-
ing between the inner and outer conduc-
tors destroys the concept of coaxial cable
transmission. Doing that is comparable, in
effect, to pumping water through a one-
inch pipe then suddenly reducing the size
to 14”. Eventually, the problem was solved
with the use of the coaxial connector and
perfected through the one-crimp termina-
tion technique.

All A-MP coaxial cable connectors are
designed to provide concentric spacing be-
tween the outside diameter of the center
contact, and the inside diameter of the
outer sleeve or barrel of the connectorshell.
The spacing of these diameters and the di-
electric between them determine the im-
pedance of the connector. The cardinal
point here is that A-MP coaxial cable
connectors designed for rf use are intern-
ally proportioned to match the impedance
values of any cable to which they are at-
tached. This attention to design assures
that A-MP coaxial cable connectors have
minimum impedance discontinuities—an
extremely important factor in circuits in
which timing or phasing relationships are
important. In radar applications, for ex-
ample, impedance discontinuity can pro-
duce reflections that result in multiple
echo readings and ranging errors.

The basic types of coaxial cable

Of the many sizes of coaxial cable now
in use, ranging from %4” to 1” in outside
diameters, the flexible type is, by its very
nature and adaptability, most commonly
used. It is ideal for interconnections in
electronic systems and low power trans-
mission lines.

There are several cable configurations
that fulfill this definition, principally the
true coaxial and the double shielded which
is a slight modification.

Semi-flexible or metal jacketed cables
are basic coaxial constructions using a
metal jacket instead of a braid construc-
tion. This cable is constructed by forming
a seamless metal tubing (aluminum or
copper) tightly onto the cable dielectric.
From a shielding and also attenuation
standpoint, this configuration represents
the ultimate in solid core designs. Most
common application: antenna systems in
short wave, broadcast, and communica-
tions equipment.

Special cable modifications include tri-
axial, dual, twin conductor and armored.

Types of basic coaxial cable connectors

There are five main classifications of
coaxial cable connectors, all of which are
designed for use with flexible cable: (1)
Large for use with cable of more than 2"
diameter (RG17/U, etc.); (2) Medium—
1,” to %" diameter (such as RG 8/U
cable); (3) Small for RG 58/U type cable
with .125” to .250” diameter; (4) Minia-
ture with diameters of .075” to .175” (RG
188/U category); (5) Subminiature for
cable sizes with diameters of .045” to .080”
(RG 196/U).

“N” CONNECTORS

The “N” is a threaded coupling connec-
tor designed for 14" to 15" diameter cables.
There are designs for 50 ohm and others
to match 70 ohm cables. With TEFLON,
the “N” may be used as high as 10,000
megacycles; it can be used with peak volt-
ages of 500 volts.

“C” CONNECTORS
The “C” connectors are weatherproof.

They are the bayonet-lock coupling ver-
sion of the “N” series.

Into this general grouping fall a number
of A-MP connectors for a wide variety of
rf and other applications all of them dis-
tinguished by AMP precision engineering,
reliability, and one-crimp, low-cost termi-
nation method.

BNC SERIES CONNECTORS

The BNC Connectors are fitted with a
bayonet-lock coupling for quick connect
and disconnect. They are a low-voltage,
constant impedance type designed for RG
58/U and RG 55/U cables. AMP has mod-
ified them for use with RG 59/U, RG 62/U,
RG 142/U and many other cable sizes.
They are recommended for application up
to 10,000 megacycles when used with RG
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55/U or RG 58/U cable. Maximum volt-
age may not exceed 500 volts.

Various versions of BNC COAXICON
Connectors have been designed to meet
critical military and commercial needs,
and both were tested in accordance with
MIL-C-3608A.They are available in a wide
range of cable sizes for miniature RG/U

Shells and collar
constructed of brass
parts, silver plated.

Close tolerance
precision on all
fitted parts.
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One crimp termination
for either haif
crimping center conductor
and braid simultancously.

Seals and gaskets of
silicone rubber.

diameters of .075” to .200”, and they
are intermatable with comparable UG/U
series connectors. As with all other A-MP
coaxial cable connectors, one controlled
stroke of a matching crimping tool results
in simultaneous termination of the inner
conductor, outer braid and insulation sup-
port.

THREADED COAXICON CONNECTORS

This type has 50-ohm nominal applica-
tions and accommodates a broad range of
RG/U cable diameters in Standard, Twin,
Miniature and Subminiature sizes. A
number of adapters—right angles, feed-
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throughs, “T”, and printed circuit configu-
rations—are available, and in all cases,
the receptacle half accommodates panels
from 1/32” to Y” thick. The locknut
and/or panel provides a shield for the
crimping port. A nylon bushing is also
available to insulate a connector from the
panel. With intermatable internal contacts
and the use of various diameter cable
entrance ends, it becomes possible to
mate many sizes of dissimilar cable.

One-crimp
termination of inner
conductor and
outer braid.

Jam nut of
silver-plated brass.

Shells constructed of brass
parts, silver-plated.

Lock-washer of
cadmium plated steel.




Types of Multiple Connectors

Multiple COAXICON Connectors are
available in Standard, Twin Standard, and
Miniature sizes. Connector housings are
made of general-purpose, arc-resistant
phenolic or glass-filled diallyl phthalate.
A special type of retention spring is used
to retain the contacts in the connector
and to serve as a shield for the crimping
ports.

Standard

This version of the A-MP Coaxial Cable
Connectors is available in a wide variety
of housing configurations. This type uti-
lizes single or twin contacts and accepts
RG/U cable sizes in most common use in
both single and twin conductors. With the
weight factor becoming more important in
many applications, it is of interest to note,
for example, that the overall weight of
the single connection, including retention
spring, amounts to only 4.9 grams.

Miniature Connector

The Miniature Connector provides con-
siderably greater circuit density. It is, in
fact, a sealed down version of the standard
connector with .265” center to center spac-
ing for the contacts. It overlaps some of
the standard COAXICON connector cable
sizes, and is available with an increasing
number of connector configurations.

New coaxial cable developments

Two new A-MP coaxial cable connec-
tors, featuring “T” and “Y” configurations
have recently been developed for modular
computers. In the “T”-shaped connectors,
three cable housings of coaxial cables are

=t

COAXICON “T" CONNECTOR

joined to a center housing. Every central
“T” contact is mated with three cables,
each of which is terminated with the ap-
propriate standard or miniature contact.
Any of the three cable housings joined to
the center connector housing can be re-
moved without disconnecting the two
remaining units. The “T” connector is
available in ten position standard and
twenty-five position miniature coaxicon
contact configurations.

COAXICON “Y” CONNECTOR

The “Y”-shaped connector requires less
space than the “T” configurations. As with
the “T” configurations, three cables can
be connected, and again, any of the three
plug sections of the cable can be removed
without disconnecting the other circuits.

Another new AMP development in
keeping with the rapid trend toward mini-
aturization, is a miniature coaxial cable
socket for printed circuit boards. This
socket is designed for 1/16” and 14" boards
with grid spacing of 0.100”. It mates with
any miniature COAXICON male contact,

COAXICON SOCKET
FOR PRINTED CIRCUIT BOARDS

and may be mounted at the edge of the
board or near components. Four pointed
“V”-legs are shaped for easy insertion into
the board, whether or not eyelets have been
provided, and for maximum wicking and
solder fillets. These legs extend 0.050”
through the board. For breadboard use, the
14" board contact may be used on a 1/16”
board. When that is done, the extra leg
length can be utilized for hand-soldering
wires or components to the leg. The 3"
profile provided for in the design permits
an exceptionally compact arrangement.

Miniature COAXICON Printed Circuit
Sockets permit a choice of two kinds of
contact retention: (1) spring retention
with minimum holding force of 1Y} lbs.;
(2) a positive-lock type that holds contact
components firmly in place. On this ver-
sion the male contact is depressed for
removal.

Contacts—the critical factor
in coaxial performance

The A-MP COAXICON Coaxial Cable
Contact, regardless of size and type, is the
key to reduction of power loss and infil-
tration of noise in the operation of a wide
variety of complex and sensitive equip-
ment.

The Standard COAXICON Contacts
were the first of a series manufactured by
AMP. They are basic to the design prin-
ciple involved, and will therefore be
described here as typical of other A-MP
coaxial cable contacts. When precision-
crimped with matching tools, then assem-
bled and properly positioned in a suitable
housing, they provide extraordinarily ef-
fective and reliable coaxial cable circuitry.

The contact consists of inner male and
female components screw-machine proc-
essed from bronze. It is separated from an
outer shell of brass by polyethylene insula-

One-crimp terminition of
inner conducior
and outer braid.

Contacts are gold-plated
Berytlium copper.

Wiping action
in contact area.

Dielectric’ material.

Shield crimped

securely between

outer shells and
ferrute.

No danger of heat
damage to cable
because of crimp.

tion which is noted for its dielectric and
mechanical properties and which holds
the inner contact accurately positioned
within the shell. Bell-mouth design assures
easy entry of the inner conductor of the
cable into the inner contact. Bell-mouthing
is also featured for easy mating of the outer
shells.

A cantilever spring is built into the outer
shell of the male contact. The retention
force of this spring against the inner wall
of the female contact, along with the re-
tention force applied by the inner con-
tacts, provides ample withdrawal force.
Crimping ports allow special crimping
dies to enter the outer shells and converge
upon the inner contacts.

Gold-Over-Nickel Plating

Over the years AMP has experimented
extensively with plating processes in an
effort to find the ultimate, most univer-
sally applicable plating method for use in
sensitive and critical applications.

Gold, with its uncommonly low elec-
trical resistance and high resistance to
corrosion, oxidation and humidity, was
found to be the most effective and practical
plating when coupled with nickel sub-
plating. Through the use of an exclusive
quality-control X-ray technique, which
measures plating thickness to a millionth
of an inch, we are able to satisfy special
requirements dictated by the geometry of
the products as well as the gradual wear
caused by periodic separation and rein-
sertion of contacts.

COAXICON Coaxial Contacts—includ-
ing outer shells—are pre-plated and as-
sembled. On request these contacts may be
plated with silver or gold over silver, but
the standard AMP procedure consists of
plating with gold over nickel for optimum
electrical performance in an ever-widening
range of applications.

These, then, are the salient points con-
cerning the origin, development and utili-
zation of coaxial cable in the burgeoning
field of electrical electronic technology.
Additional information, much of which
can be tailored to specific design require-
ments or currently existing or projected
needs of your own, will be supplied on
request. This might include detailed speci-
fications as well as research, testing, and
engineering data applicable to uses beyond
the scope of this report. Regardless of the
nature of the problem, we shall welcome
your inquiry, confident that we can help.
Should you require more information on
aur general line of COAXICON Connec-
tors, or if you need more specific data,
write us briefly outlining the problem.

INCORPORATED
Harrisburg,

]
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TOGGLE SWITCHES—in every possible circuit, style, and size . . . especially
miniatures. You name it and we’ll deliver it (probably right off our factory
or distributor shelves). We honestly believe we can satisfy virtually any require-
ment you may have for toggle switch operating characteristics, front-of-panel
appearance, or back-of-panel density. We can’t possibly describe our full line
here. In fact, it takes a full 24-page catalog with photos, specs, and dimension
drawings just to show you our most popular items. If you use toggle switches,
you should write today for a free copy of our new Toggle Catalog #180.

ELECTRONIC INDUSTRIES -

i ©=
CONTROLS COMPANY d OF AMERICA
CONTROL SWITCH DIVISION

1420 Delmar Drive. Folcroft, Pennsylvania

November 1963 Circle 10 on Inquiry Card

21




"k
]

= |f_sm‘a||e§ 7siz;se
- costs are part of |
- Stevens Certified

i

AT

uc

actly

'sck Stemeo Thermosta

ative on the double.

get all the special features to fit
right from a-proven, standare y:?ﬂ\
e ermostat, or from a minor madification
ﬁg‘osge't’s"ywr product off the ground faster.". . by
me, sleshing engineering and development costs.

e

i &

b

STEVENS manufacturing company, inc.

P. O. Box 1007 + Mansfie!d, Ohio

Type MX Hermetic
Snup-uo‘ﬁng to open on tempercture
rise only. Copper housing responds
more readily than steel types. Stand-
ard tolerances =3°F with 2 to 6°F
differentials; | to 4°F di¥erentials on
special orden. Tempercture 10° to
260°F. Various terminols cnd mount-
ing brackets. See Bulletin 6100.

TR >

SLCUTTY

ts by Applications Engineering ~
’s right out of this world. A card gcalkwﬁll—br_jng,our

THERMOSTATS

Type AX Hermetic
Similar to Type MX but to
close on temperature rise.
Wide selection of terminals
and mounting provisions,
highly responsive non-ferrous
metal housing. 2 to 6°F differ-
ential. Bulletin 3200.

Type C Hermetic
Field-adjustable, positive-acting.
Electrically independent bimetal
strip type for operation from
—10° to 300°F, Nickel-silver case
with or without ploting, depend-
ing on specificctions. Turret termi-
nals or wire lsads. For ratings,
etc., Bulletin 5000,

Type A Hermetic

Electrically independent bimetal
disc and high-response brass case
for quick, snap-action control from
—10° to 300°F. Vorious non-
ferrous metal enclosures, wids
variety of terminal arrangements
ond mounting provisions, including
brackets. Bulletin 3000.

*Above Stemco Thermostats are designed and manufactured to meet most requirements of applicable MIL specifications.




NOVEMBER

Nov. 6-8: Annual Mtg. of Soc. for Ex-
perimental Stress Analysis; Statler-
Hilton, Boston, Mass.

Nov. 6-8: 12th Annual Instrumentation
Conf.; Louisiana Polytechnic insti-
tute, Ruston, La.

Nov. 6-8: Southeast Reg. Conf., NACE;
Key Biscayne Hotel, Miami, Fla.

Nov. 6-9: Annual Mtg. of the Plasma
Div., APS; San Diego, Calif.

Nov. 6-9: Acoustical Soc. of America;
Univ. of Mich., Ann Arbor, Mich.

Nov. 11-13: Radio Fall Mtg., IEEE,
EIA; Manger Hotel, Rochester, N. Y.

Nov. 12-14: Meeting, American Meteor-
ological Soc.; Univ. of lIL, Urbana,
.

Nov. 12-14: Fall Joint Computer Conf.,
AFIPS (IEEE, ACM, Simulation Coun-
cils, Inc.); Conv. Ctr., Las Vegas, Nev.

Nov. 12-14: Mfrs. Automation Show
& 7th Conf. on Mfg., Automation,
Mfg. Eng. Council; Purdue Univ.,
Cobo Hall, Detroit, Mich.

Nov. 12-15: 9th Annual Conf. on Mag-
netism & Magnetic Materials, IEEE
(PTG-MTT), AIP; Chalfonte-Haddon
Hall, Atlantic City, N. J.

Nov. 13-15: Eastern Analytical Symp.
and Instrument Exh., Soc. for Ap-
plied Spectroscopy and American
Microchemical Soc.; Statler-Hilton
Hotel, New York, N. Y.

Nov. 17-22: Winter Annual Mtg., AS-
ME; Bellevue-Stratford Hotel, Phila-
delphia, Pa.

Nov. 17-22: Annual Mtg., Radiological
Soc. of North America; Chicago, lll.

Nov. 18-19: Symp. on Unconventional
Inertial Sensors, Republic Aviation
Corp. and Bureau of Navy Weapons;
Republic Aviation Corp., Farming-
dale, N. Y.

Nov. 18-19: 4th Electrical/Electronic
Trade Show, Electrical Representa-
tives Club and Electronic Represen-
tative Assoc.; Denver Hilton Hotel,
Denver, Colo.

Nov. 18-20: 16th Annual Conf. & Exh.
on Eng’'g in Medicine & Biology,
IEEE, ISA; Lord Baltimore Hotel,
Baltimore, Md.

Nov. 18-20: Nat’l Symp., Soc. of Aero-
space Material and Process Engi-
neers; Olympic Hotel, Seattle, Wash.

ELECTRONIC INDUSTRIES -
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COMING EVENTS

...in the electronic industry

Nov. 18-21: Joint Mtg. and Atom Fair
Exh., ANS, AIF; New York Hilton,
Americana Hotel, New York, N. Y.

Nov. 18-22: 10th Nat’l Plastics Exp.
& Nat’l Plastics Conf., SPI; Shera-
ton-Chicago Hotel, McCormick Place,
Chicago, Il

Nov. 19-21: 5th Int’'l Automation Con-
gress & Expos.; Sheraton Hotel,
Philadelphia, Pa.

e =
'64 Highlights

IEEE Int’l Conv., Mar. 23-26; Coliseum,
New York Hilton, New York, N. Y.

WESCON, Western Electronic Show and
Conv., Aug. 25-28, IEEE WEMA;
Sports Arena, Los Angeles, Calif.

NEREM, Northeast Research & Eng.
Mtg., Nov. 4-6, |EEE; Boston, Mass.

Nov. 19-21: Conf. on Stratosphere-
Mesosphere Structure, AlAA, AMS,
et al; Texas Western College, E!
Paso, Tex.

Nov. 21: Maecon Symp., Instrumenta-
tion and Measurement; Hotel Con-
tinental, Kansas City, Mo.

DECEMBER

Dec. 1-5: 56th Annual Mtg., AIChE;
Rice Hotel, Houston, Tex.

Dec. 3-5: Winter Conf., ElA; Statler-
Hilton Hotel, Los Angeles, Calif.
Dec. 4-6: AIAA/Air Force Testing of
Manned Flight Systems; Edwards

AFB, Calif.

Dec. 4-6: Ultrasonics Eng'g Symp.,
IEEE (PTG-UE); Marriott Motor Hotel,
Washington, D. C.

Dec. 4-6: 21st Electric Furnace Conf.,
AIME; Drake Hotel, Chicago, Il
Dec. 5-6: 14th Nat'l Conf. on Vehicular
Communications, IEEE (PTG-VC);

Adolphus Hotel, Dallas, Tex.

Dec. 6: 4th Annual Seminar on Re-
liability in Space Vehicles, PTG-R,
ED, CP; Los Angeles, Calif.

Dec. 9-11: URSI-IEEE Fall Mtg., IEEE,
URSI, et al; Seattle, Wash.

Dec. 19-21: APS Mtg.; Pasadena, Calif.

Dec. 26-28: Amer. Astronomical Soc.
Mtg.; Washington, D. C.

Dec. 26-30: Annual Mtg., Amer. Ass’n
for the Advancement of Science;
Hotel Cleveland, Obhio.

November 1963

JANUARY 1964

Jan. 7-9, 1964: 10th Nat'l Symp. on
Reliability and Quality Control, IEEE,
ASQC; Statler-Hilton Hotel, Wash-
ington, D. C.

Jan. 22-24, 1964: 19th Annual In-
strumentation Symp. for the Process
Industries; Texas A & M College,
College Sta., Tex.

FEBRUARY

Feb. 2-7: IEEE Winter Power Mtg., |IEEE;
Statler-Hilton Hotel, New York, N. Y.
Feb. 3-7: Int'l Conf. on Materials,
ASTM; Sheraton Hotel, Philadelphia,

Pa.

Feb. 5-7: 1964 Nat'l Winter Conv. on
Military Electronics, IEEE; Ambas-
sador Hotel, Los Angeles, Calif.

Feb. 19-21: 1964 Int'l Solid-State Cir-
cuits Conf., IEEE and Univ. of Pa.;
Philadelphia, Pa.

MARCH

Mar. 2-6: 15th Conf. on Analytical
Chemistry & Applied Spectroscopy;
Penn Sheraton Hotel, Pittsburgh, Pa.

Mar. 16-20: Western Metal & Tool
Expos. and Conf., American Soc. of
Tool & Mfg. Engineers and ASM;
Pan Pacific Auditorium, Los An-
geles, Calif.

Mar. 23-26: IEEE Int’l Conv.; Coliseum
and New York Hilton, New York.
N. Y.

Mar. 31-Apr. 2: ASM Gulf Coast Metal-
working Exh. & Conf., ASM; Sham-
rock-Hilton Hote!, Houston, Tex.

APRIL

Apr. 1-2: 5th Symp. on Eng. Aspects
of Magnetohydrodynamics, |EEE,
AIAA, MIT; MIT, Cambridge, Mass.

Apr. 6-9: Int'l Conf. on Nonlinear Mag-
netics, |EEE; Shoreham Hotel, Wash-
ington, D. C.

Apr. 14-16: American Power Conf.,
IEEE, et al; Sherman Hotel, Chicago,
1R

Apr. 19-25: Int’l Conf. & Exhib. on Aero-
space Electro-Tech., IEEE, et al;
Westward-Ho Hotel, Phoenix, Ariz.

Apr. 21-23: Spring Joint Computer
Conf., AFIPS(IEEE-ACM); Sheraton-
Park Hotel, Washington, D. C.

Apr. 22-24: Southwestern IEEE Conf.
& Elec. Show, IEEE; Daltas Memorial
Auditorium, Dallas, Tex.

Apr. 28-30: 12th Annual Conf. on
Electromagnetic Relays, NARM; Ok-
lahoma State Univ., Stillwater, Okla.
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MULTI-TURN
LINEAR OR NON-LINEAR

CONDUCTIVE PLASTIC
OR WIREWOUND

SINGLE-TURN
LINEAR OR NON-LINEAR

FAIRCHILD ES-P"CAN MEET YOUR TOUGHEST SPECS

Precision wirewound or conductive plastic, linear or special func-
tion—in sample or production quantities —name your pot require-
ments and it's likely that Fairchild E<S*P* can meet them quickly
—with substantial advantages in system performance and cosi.

Fairchild’'s team of potcntiometer specialists has produced
unlimited types of pots for critical military and industrial applica-
tions. All have been designed to meet stringent specifications including
Mil E5272 and Mil R12934 for accuracy, linearity, resolution, operating
life, noise and enviwronmental compatability.

Fairchild E*S*P can supply infinite resolution conductive plastic pots in
sizes from 7/8' to 3", wirewound pots from 3/8' to 5'. Single or
multiple-section types, with taps, shorted sections, switches and output
curves to suit your requirements..

]f you have a precision pot requirement, it will pay you to talk
it over with Fairchild. Sec how E-S‘P can meet your toughest
potentiometer specs. Call or write today.

FAIRCHILD

(:C)I\ITI:(DI_S

DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT
225 PARK AVENUE, HICKSVILLE, L.l.,, NEW YORK
6111 E. WASHINGTON BLVD,, LOS ANGELES, CALIF.

CORPORATION

E«S+P is the Fairchild Controls concept of Integrated Engineering, Service and Production that assures highest
performance and reliability in your specific application. Write for brochure that shows how E*S*P can serve you.

Circle 13 on Inquiry Card
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CLARE

SEALED Stepping Switches

provide compact, maintenance-free, long-life
sequential switching for complex LRakELY1

Hermetically sealed in steel enclosures, CLARE Sealed
Stepping Switches add to operating life, eliminate
tampering ancd permit extenced use or storage with no
deterioration of operating characteristics. Enclosures
may be hermetically sealed with nitrogen or fluid.
When sealed in fluid and remotely pulsed, operating
life permits 10-15,000,000 steps. CLARE design which
permits more levels per switch...and more levels in
less space. ..allows CLARE sealed switches to provide
the most switchingcapacity in the smallest space. A wide

Electrical and Mechanical Characteristics of

Sealed Spring Driven Stepping Switches and Cam Switches

Operating Speeds

Y

=
4
5

~CLAZ &’Ievel. 52.point stepping switch, wired

f an ;'dy for sealing, reqaires 4'% sq. in. less

| chassis space than cther sealed switches of com-
parable size. CLARE 8 and 12 level, 26-point
switches mountin 11 sq. in. less space than com-
parable models.

variety of enciosures plus a complete range of connec-
tors make CLARE Stepping Switches extremely flexi-
ble and easily adaptable to almost all applications.

CLARE Sealed Stepping Switches include spring-
driven, cam-operated and direct-drive units with
capacities from 10 to 52 points. Sealing in fluid is rec-
ommended where unusually long life is a requirement
or high shock or vibration are factors.

CLARE Engineering will cooperate to develop special swilches
to meet unusual problems. Address: C. P. Clare & Co.,
Group y1p¢ 31C1 Pratt Boulevard, Chicago, lllinois 60645.

- Nominal
Points per Sealed in Sealed in Nit
Type Electrical Electrical Levels (max.) Fluid AT ;:Idta :isl
Level Remotely Seli- Remotely fesistances )
Pulsed  Interrupted Pulsec c LA R E
210 10, 20 o7 3G 12-10 pt,, 6-20 pt.. 4-30 pt. . - 612, 24
Y 25 steps steps , 12, 24,
211 11,22 or 33 12-11 pt.. 6-22 pt., 4-33 pt per secondl 60 steps’ per secont: :ﬂlllgod ® Relays and
iy . R N at nominal  per second  at nominal  an vdc
20 10, 20 or 4C 16-10 pt., 16-20 pt., 12-40 pt. voltage e smina] voltage related control
26 13, 26 or 52 16 13 pt,, 16-26 pt., 12-52 pt v;lr:h ?Sny,e; vglstg e v;-nth ?.}.1‘72 ‘f.;,?,"f components
200 Up to 8 cams, to 6 contact springs per cam and 25°C ! 25°C I
30, 32 or 36 steps per revolution.
ELECTRONIC INDUSTRIES November 1963 Circle 14 on Inquiry Cord 25




SOLVE YOUR

MICROWAVE
PACKAGING
HEADACHES!

NEW, SUPER'MINIATURIZED Miniature isn't good enough anymore!! The growing need

for smaller systems packaging can only be answered by
F IT P NENTS super-miniaturized components of assured reliability and

top performance characteristics. These new waveguide,
coaxial and strip type components meet major MIL specs
for shock and vibration. All coaxial components are self-
magnetic shielding due to an internal magnet. All com-

fOT Smaller, l?;ghter m’LCTOQL’a ’Ue ponents are temperature stabilized. Here is a ready-to-go

line of super-miniaturized components that ideally fits to-

Systems a,nd equ?;pment day's smaller, lighter package requirements.

(MAX) (MAX) (MC)

NO. PART NO. TYPE FREQUENCY (GC) | ISOL. (MIN) | INS. LOSS VSWR | BANDWIDTH SIZE WEIGHT
A W-F.15-C.021-1000 WAVE 3.95. 5.85 _20D8 | 05DB | 125 | 150 3Y2” Dio. x 17 9.5 oz.
8 W-F-1S- X8 024-750 WAVE 5.85- 8.2 2008 | 0508 | 125 | 200 38" Dia. x 34" 5.0 oz.
C W-F-1S.X_-041-750 WAVE 70110 20 DB 0.5 D8 1.25 400 27 x 178" x %" 3.0 or.
D W.F-15-X-044-500 WAVE | 82124 | 20D8 | 0508 | 125 | 600 [178” x 158" x Vo 1.7 or.
E W.F-15-Ku-016-500 WAVE 124 180 | 2008 | 0508 | 125 800 [ 1% x 156" x V2" 60 oz
F W F-15.K-006 500 WAVE | 180 260 | 20508 | 0508 | 125 | 800 | 1" x %" x %" | .35 oz
G S-F-15-C-202-1250 STRIP 54 - 59 15 DB 0508 | 125 | 400 [1” Dic. x 125" H. | .70 ox.
H S-F-15-X-009-1000 AIRSTRIP | 82 -124 | 2008 | 0508 | 125 600 [1” long x %” Sq. | 1.5 oz]
1 C-F1S5008875 | COAX. | 27 .32 | 2008 | 05DB | 120 | 1 42" x78” | 52 ozl
J C-F-15.C-004.875 | coax. | 54 .59 | 2008 | 1008 | a5 | ol 3k | 3.2 oz
K C-F-15.C-002-500 COAX. | 54 .59 40 DB 1508 | 1.25 47 x Vp” 3.7 oz

MicrRO-RADIONICS, INC.

DESIGN e DEVELOPMENT e PRODUCTION
14844 OXNARD STREET * VAN NUYS, CALIFORNIA * PHONE: (213) 785.'760

YEAR Ei MICROWAVE

ROTARY JOINTS COMPONENTS ANTENNAS RADAR TEST SETS ATC/DME TEST SETS
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WASHINGION TRENDS

NASA ISSUES RELIABILITY GUIDES FOR
CONTRACTORS—Space contractors in electron-
ics have a new set of guidelines to worry about. The
guides spell out tasks to be included in reliability pro-
grams in design, fabrication and use of developmental
type hardware systems. Guides will be applied to con-
tracts rated over $1 million “and certain other items
critical to the performance of spacecraft, launch vehi-
cles or other equipment for space flight”” Copies of
NPC 250-1, “Reliability Program Provisions for Space
System Contractors,” are being given out by contract
officers at all major field research centers.

FCC IRKS CONGRESS, INVESTIGATION
THREATENED-—Recent actions and speeches by
FCC are causing sharp irritation in both Senate and
1Iouse. Chairman Oren Harris, House Commerce Com-
mittee (that created the FCC and which originates any
major changes) charges that FCC is overstepping its
authority by : proposing to limit the number and length
of radio and TV commercials ; proposing to ban race re-
sults; attempting to regulate community antenna TV
systems ; attempting to regulate the volume of news
broadcasts dealing with race integration and segrega-
tion. Harris claims the Commission has no authority
to act in these areas.

DYNASOAR IN BIG PUSH-—Despite pros and
cons, Dynasoar manned-spacecraft still has the “ao”
sign in the Pentagon. Military men say the Dynasoar,
intended to shoot into space, maneuver and then return
like an aircraft, will get a big push next year. The push
will be based on the craft’s usefulness for data on how
its human pilot can operate in space. Push will be
aimed also at testing new structure techniques in using
advanced materials.

MORE TALK OF DEFENSE CUTS — There's
fresh talk all over Washington about the “desirability”
of cutting defense spending. Those who would cut
(some urge trimming as much as 10% from the $47
billion defense total) say the atom test ban makes big
defense outlays unnecessary. IBut most members of both
political parties are not so sure. They point to the con-
tinuing need for R&D in all areas of procurement.
A group of Senate liberals demanding the cuts wants
the money spent instead on new programs and controls
over health, education, welfare, transport, and farm
output. While this group is not likely to have its way
at any early date, it is important to keep a close watch
on this trend.

ELECTRONIC INDUSTRIES + November 1963

BATTLE COMSAT BUYING RULES-—Industry
spokesmen are demanding that I'CC alter proposed
rules on procurement by the Communications Satellite
Corp. (COMSAT). Among attackers is the Electronic
Industries Association, which charges the rules are
unworkable, unprecedented, and costly. EIA feels small
firms would be hit because rules are too complex. They
go beyond the COMSAT law (by applying to sub-
contractors), and would increase costs without any
offsetting benefits. EIA wants FCC to regulate only
contracts over $230,000 or $100,000 rather than the
$2,500 proposed; eliminate proposed detailed reports
unless sole-source procurement or other low bid is
accepted, and exclude all R&D contracts from the rules.

SUBCONTRACTING TO RISE — Major prime
government contractors have agreed to expand their
subcontracting. A group of 26 primes, who together
get more than 40 cents out of every dollar spent in
military procurement, have promised Washington
they’ll exceed their minimum legal requirement of sub-
contracting they do. They have promised to look up
more small business sources. They will make every
effort to farm out portions of their prime contracts.

NASA FIGHTS FOR FUNDS — The National
Aeronautics and Space Administration is nrging the
Senate Appropriations Committee to restore the deep
cuts in its budget. Their main pitch: The moon pro-
gram is already deep in contracts, personnel, and facili-
ties. Any cutback now will boost cost. In addition,
they argue that the President’s offer to cooperate with
the Russians in a moon landing should not slow our
own efforts. Benefits of the moon program will help
all other space efforts, including military ones.

BIG R&D FIRMS STAY “SMALL”—Electronic
firms bidding on U. S. contracts for R&D can keep
their “small business” tag despite annual income. Small
Business Administration has dropped the general $1
million annual income yardstick. This permits more
firms to handle government contracts. SBA spokesmen
say most firms that bid on R&D contracts may have
earned much more than $1 million in previous years.
The new rule draws the line at production of hardware.
If a firm produces no hardware, and is engaged solely in
R&D, it remains “small” if employees do not exceed
500. 1f a firm must produce hardware, such as a proto-
type computer, the same size standard applies that would
apply to a small manufacturer of computers.
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LT1014 LT1017 LT2015

LT1034 W LT1038 B LT2037

To meet increased demand for specific requirements. ..

PHILCO ANNOUNCES SIX NEW TUNNEL DIODES
FOR UHF AND COMPUTER APPLICATIONS

Now, Philco provides the circuit designer with an expanded patible with parameters. Production expansion provides
tine of Tunnel Diodes to meet specific application require- immediate delivery on all types as well as capability to
ments. All units are particularly well suited for low-level produce units to meet other requirements. For Data
switching and small-signal applications. Prices are com- Sheet LT1000, LT2000 Series, write Dept. EI1163.
lp, | Tol e/ C, pf R oy }
¢ 1N3353 GERMANIUM BACKWARD DIODE Type R R e R A B “This value includes case capac-
! LT1014 1.00 ] 55 T 8 s 5 15 itance which is typically 2pf.
Useful for low-level detection or threshold 7 t d : { L J
detection systems in conjunction with - ::Tlgla 3 iog 2'5 E g " 5 | 1.5
Tunnel Diodes. Also suitable for conven- T1 27 (1N3561) XY s S 1 { 9 ! 1.5 *“The total series resistance
tional mixing and detecting applications. _LT1027 (1N3560) 188 | 2.5 { g 4 9 | 15 R, is measured at a reverse
Philco can provide to specification LT1034 i—l 5.0 r 10 | 2.0 current of 70 ma. The diode
matched pairs of Backward Diodes or LT1038 .00! 5.0 | 4 | 10 | 2.0 maximum reverse current rat
Backward and Tunnel Diodes in custom LT2015 SE— .00 | 25 | 7 | 25 | 0.9 naemaykhefexceedediioriine
Kagi iy ; LT2026 (1N3562) 5.00] 25 [ 6 | as 0.7 briefinterval of time necessary
packaging. We invite your inquiry. LT2037 5.00] 50 | 5 | 50 | 07 to perform this measurement.

SPECIAL PRODUCTS OPERATION

PHILCO &g

A SUBSIDIARY OF MO[O?’%WM% ¢

LANSDALE DIVISION, LANSDALE, PA.

In Europe: Avenue de Beauregard 3, Fribourg, Switzerland
In Canada: Don Mills Road, Don Mills, Dntario, Canada
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MIARKETING

Facts and Figures Round-Up

MICROWAVE MARKET RISING AS USES AND EXPORTS INCREASE

Factory sales of microwave com-
ponents for 1962, not including tubes
and antennas, have been put at about
$75 million. Total sales of electronics
components are nearly $4 billion, ac-
cording to the Electronics Division,
Business and Defense Services Admin-
istration, U. S. Department of Com-
merce.

Among current predictions around
the industry, including educated fore-
casts and wild guesses, are total micro-
wave component sales of $100 million
for 1963. Lorne D. Armstrong, Micro
State Electronics Corp., is one of sev-
eral industrialists who placed the micro-
wave component market for 1968 near
the $500 miilion level. Some, Mr. Arm-
strong reports, say his figure is some-
what conservative. Mr. Armstrong,
among others, also sees a microwave
semi-conductor market of $75 million
by 1968.

In general, electron tubes increased
1.79% in total sales over 1961 to $875
million in 1962. A 109% rise in sales
of power and special purpose tubes,
according to the Commerce Depart-
ment, especially in microwave, more
than offsets declines of 1.7% in re-
ceiving tubes and 3.5% in TV CRT
output. Some microwave tubes in fact
showed increases of as much as 100%
or more.

Klystron sales jumped from about
$28 million in 1961 to nearly $59 mil-
lion in 1962. Magnetrons had the
greatest percentage increase—1509%,

—from $16 million to more than $40
million. Traveling wave tubes, back-
ward and forward, spiraled up from $23
million to $55 million.

If current predictions for the market

HIGH SPENDING PUTS R&D
UNDER EYE OF CONGRESS

Higher spending for R&D has put
the whole R&D market subject to a
coming series of actions. Latest Na-
tional Science Foundation data reveal
that $11.6 billion was spent on indus-
trial R&D in 1962—69, above 1961.

Congress is perking up to the fact
that the Government financed $6.7
billion and industry $4.8 billion. In mid-
1962 a broad report from Bureau ot
Budget urged greater Federal control
on all R&D contracts. Congress, still
somewhat unhappy over the state of
R&D, has ordered investigations to con-
duct research in the subject.

Results should help the Government
and industry to reshape the future
course of R&D. The National Science
Foundation, the National Institutes of
Health, as well as NASA and DOD pro-
grams of R&D will be studied by our
legislators.

ELECTRONIC INDUSTRIES -

in general hold firm, microwave tube
sales for 1963 could top $200 million.

Semiconductor diodes for the micro-
wave market, though only about 10%
of the microwave tube market at pres-
ent, showed something like 269, rise
over 1961. Mixers, detectors, para-
metric diodes and others went from
$9.6 million to $11.8 million. Tunnel
diodes, though not all for microwave,
went up 509 from a little below $1
million to $1.5 million. Sales in micro-
wave semiconductors for 1963 are cur-
rently guessed at about $25 mil-
lion, or about 25% of the total micro-
wave component market. About one
third of this, or $8.5 million, is esti-
mated for microwave transistors. The
remainder is for diodes.

Extravagant increases in microwave
shipments and sales may be refiected
in the fact that microwave technology
is being used more and more in com-
merce and industry, especially by firms
known as common carriers.

Another important reason is the tre-
mendous upsurge in amounts of micro-
wave hardware and systems being
exported to other countries. In fact,
exports currently account for an esti-
mated 409, of all microwave shipments
and sales.

Eisewhere in the electronics market,
although unit shipments of semicon-
ductors in general increased 359%, over
1961, the value of shipments showed
only a 1% rise to $571 million, re-
flecting a continuing decline in unit
price of many semiconductor types.

Capacitor sales gained 169, to $349
million, and resistors rose 239% to
about $350 million. Connectors showed
a gain of 30% to $248 million; com-
plex components marked a large gain
of 77% to $67 million.

Relay sales recorded 109, rise to
$201 million, reversing the slight 1961
decline. The reason mostly was in-
troduction of advanced types.

‘OFF-SHELF’ HARDWARE PUSHED
FOR AEROSPACE PROJECTS

While some defense contractors re-
sent DOD prodding to cut costs, others
are promoting goods ‘‘off-the-shelf.”
Their sales pitch is that certain catalog
items can be used for exotic aerospace
projects, as well as for routine needs.

A cited example is the “Transpac’
TC222 DC to DC converters, made by
Electronic Research Associates, Inc.
They were used with success in the
recent Stratoscope II flight that sought
life-supporting elements on Mars.

In a similar vein, U.S.A.F. Secretary
Eugene M. Zuckert has stressed that
several off-the-shelf sub-systems will
be ‘‘government furnished equipment’”
for the F-111 (formerly TFX) Air Force/
Navy tactical fighter aircraft. Sub-sys-
tems include: TACAN, intercom and in-
strument landing systems, UHF radio,
navigation gear, and IFF transponder.

In a sense, this practice goes back
to the old days when the Government
provided most of the innards that for-
mer airframe builders installed in most
finished aircraft.

INDUSTRIAL ELECTRIC SALES
PUT AT $20 BILLION IN '63

Sales of industrial electrical and elec-
tronic products should set a record
high of some $20 billion this year, pre-
dicted Orland M. Scott, vice president
and group executive at IBM.

He said also that capital equipment
business expenditures should reach a
new high in 1964, perhaps up to 10%
above 1963 totals.

Scott cautioned against being “lulled
by seemingly comforting statistics.
They do not reveal changes within the
market structure.”

Marketing will have to take the lead
to help business meet the problems of
changing customer needs, changing
technology, and a changing environ-
ment, he added.

WHO'S GETTING THE MICROWAVE HARDWARE THIS YEAR?

November 1963

Percent of 1963 market *

A. U. S. Government ({Defense/Non-Defense Direct
Sales} 15%

(Percentages below include unknown but substantial
amounts of U. S. Government dollars in defense and
non-defense for the domestic scene and in foreign aid)
B. Industry (Communications, Telemetry, TV}  22%
C. Common Carriers {Telephone, Telegraph} 23%

D. Exports to other nations 40%
*]. Figures include all types of microwave products
and service

2. They do not include Western Electric, largest
single factor in microwave business outside of
Department of Defense

3. They do include companies that sell to Western
Electric (See article—'‘Microwaves—A Market In
Transition'’)
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A look at the chart below reveals that practically any
combination of high power and frequency can be met
by at least one of Sylvania’s traveling-wave tubes —
a growing line that originated with the B-58 Hustler
program. Sylvania’s experience in building all of the
four types insures that you will get the optime com-
bination of values for these important factors: disper-
siveness (variation of phase velocity with frequency),
interaction impedance (field strength at the position

of the electron beam), interfering modes, and heat
dissipating ability.

Simple helix is the ideal slow-wave structure at all
frequencies from 500 Mc to 20 kMC at peak power
levels up to a few kilowatts. At higher peak levels the
contrawound helix or the folded waveguide structure

is indicated. The ‘‘ring-bar’’ type of contrawound helix

is best from 500 Mc to about 5 kMC, but at higher

From one experienced source:

High-power TWT's for the full range




frequencies the more rugged folded waveguide struc- power capability, mechanical configurations or suit-

ture must be used. At power levels above 500 kw, for ability for PPM focusing will determine the structure

all frequencies, a forward fundamental coupled-cavity to use.

circuit is most appropriate, such as the centipede

structure shown. Whatever type of high-power traveling-wave tube

may be called for in your application, Sylvania prob-

In some power and frequency ranges, two or three ably has it. See your Sylvania sales engineer, or write

of the structures are applicable, as the chart shows. to Microwave Device Division, Sylvania Electric Prod-

In these regions, other considerations such as average ucts Inc., Mountain View, California.

of power- frequency comhmatmns

Folded
Simple Helix Structure Contrawound Wave- Centipede
Helix guide

HIGH POWER,
LOW FREQUENCY 100 WATTS CW SMALL, LIGHTWEIGHT S-BAND X-BAND BROAD BAND

C-Band X-Band
SYT-4383 SYT-4369 SYT-4393 SYT-4394 SYT-4378 SYT-4428 SYT-4341

Frequency (Gc) 0.5-1.0 7-10 4-8 7-12 2.7-3.5 8595 8592

Min. Power 2 kw pk 100 watts CW 1 kw pk 1 kw pk 5 kw pk lkwCW | 1megpk
Qutput

Min. Gain 30 db 30 db 30 db 30 db 34 db 40 db 30 db
Focusing PPM PPM PPM PPM PPM Solenoid Solenoid
Max. Duty Cycle| 0.01 CwW 0.01 0.01 0.002 CwW 0.001
Length (in.) 40 14 18 14 20 20 32
Weight (Ib.) 50 2 2 2 12 50

Cooling Forced Forced Forced Forced Forced
Air Air Air Air Air

Tentative data—subject to revision Circle 12 on Inquiry Card

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE 8 ELECTRONICS (&3




UL

mig

[=

SOUND
THE ALARM p»

Onc of new ALRI
(Airborne Long
Range input) air-
craft which is pack-
ed with gear which
provides  automatic
detection of intrud-
ers, processing of in
formation and trans-
mission to ground-
base stations. Bur-
roughs  Corporation
was manager for the
system

ELECTRONIC
GIANT

Maureen  O’Donnell
(left) peers around
an RCA superpower-
clectron tube. This
amplifier tube was
developed for use in
the 2-mile finecar ac-
celerator at Stand-
ford Univ. It is ca-
pable of producing
24 million watts peak
power.

REDUCTION

Camera facility (rt
of Westinghouse
Molecular Electron
ics Div. at Elkridge
Md., produces mask
ing slides with a
tolerance equal to
only a fraction of
the width of a hair.
Operator mounts a
pattern  which will
be photographed and
reduced to about the
size of a pinhead.




SNAPSHOTS...
OF THE

ELECTRONIC
INDUSTRIES

TRAFFIC CONTROL

Engineer checks console of Special Purpose Control Traffic Computer {(center) which
gathers data from traffic detector elements in new Traffic Control System in Toronto.
Information is then fed into the Univac 1107 Thin-Film Memory Computer. Operator at
control console (left) switches one of the tape units (right) on line. Tapes are used to store
traftic load information as well as feed previously programmed instructions into computer.

l

“TOUCH-TONE"

“Touch-tone” telephone switchboard which
cuts communication time in half has been
installed in Continental Airlines’ new hdqrs.
bldg. in Los Angeles. Cordless switching
system was designed by the airline and
built for just them by Pacific Telephone.
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SNAPSHOTS...
OF THE
ELECTRONIC
INDUSTRIES
(Continued)

FLEXIBLE
SYSTEM

Engineer ). Wagoner
demonstrates ease of
repair of ITT (Kel-
logg Div.) voice com-
munications system.
Console permits di-
rect-line and party-
line circuits, confer-
ence nets, and pub-
lic - address - system
facilities, as well as
interworking with
normal dial tele-
phone systems.

MOVING MAP IT"S A SNAP

Engineer R. Vago ad Charles Fink prepares SNAP-9A nuclear gen-
justs brightness on erator for space flight. Generator is the
map indicator of latest in a series designed as dependable
Computing  Devices long-lived electrical supplies for satellites
of Canada Ltd’s Mr. Fink directed development and test-
(Ottawa)  Tactical ing of SNAP-SA for Martin Co’s Nuclear
Moving Map Display. Div., the AEC’s contractor for the program.

Equipment provides

a pilot with a == - —

brightly lit map of SUPER-CLEAN
topographic detail

surrounding present Miniature vacuum cleaner sucks specks of
aircraft position Map dust from precision parts of an accelerom-
movement is auto- eter that will be used on the Saturn rocket
matic space  vehicle.  Sperry Gyroscope Co.

technician uses a microscope to assure that

T components will be spotless before assembly.
TEACHING AID

R. Thompson, Bell Telephone Labs engineer operates Formant Separating Filter which is
part of a new aid, the “Speech Chain.” New aid allows a teacher to display on a scope,
the contribution of first vocal tract resonance (formant) to complex waveform of speech.




Now Motorola Has BOTH . . .
SILICON

(TO-5) (TO-18) (TO-5) (TO-18)
2N2904 2N2906 2N2218 2N2221
2N2905 2N2907 2N2219 2N2222

IMMEDIATELY AVAILABLE from your Motorola District Representative or Motorola
Semiconductor Distributor. Priced even lower than non-passivated PNP devices de-
signed for similar applications, the new high-voltage PNP silicon epilaxia! passivated
STAR transistors are made by the revolutionary annular process, and are the newest
additions to Motorola's growing line of BAND-GUARD?* types.

&y e N N g Ul IRUBC ¢ e Lo gl B N

i
#

CHARACTERISTICS NPN
. Min Max.
BVcso 60V —
BVceo 30v —
BViso 5V —
lceo @ 50V — 10nA
Vce (sat) |1c—150] . — 0.4
Vee (sat) [lb=15 | — 1.3
Wl \4 hee @ 0.1 MA
b 20 - | 2N2904, 2N2906 2N2218, 2N2221 20 -
n 35 — = 2N2905. 2N2907 2N2219, 2N2222 35 —
| hre @ 1 MA
B 25 - t 2N2904, 2N2906 2N2218, 2N2221 25 —
| 50 - i 2N2905. 2N2907 _ 2N2219, 2N2222 50 =S it
» hee @ 10 mA T
Nl 35 - ; 2N2904, 2N2906 2N2218, 2N222] 35 -
B 75 — 4 2N2905. 2N2907 2N2219, 2N2222 75 —_
9 5 hie @ 150 mA
40 120 ) 2N2904, 2N2906 2N2218, 2N2221 40 120
- 100 300 2N2905, 2N2907 2N2219, 2N2222 100 300
] hre @ 500 mA :
‘% 20 - K 2N2904, 2N2906 2N2218, 2N2221 & 20 -
- 30 — 2N2905. 2N2907 2N2219, 2N2222 y 30 —
-"L — 8 pf = Cob K — 8 pf
4 - 30pf _ Cw - — 20 pf _
o 200 mc 5 v fr L 250mc -
X eI A WO SRS " TR AT e . g S - o =

«Trademark of Motorota Inc.

"new leader in Total Silicon Technology "
MOTOROLA Semiconductor Products Inc.

BOX 955 « PHOENIX. ARIZONA 85001 ¢ A suBsiDIARY OF MOTOROLA INC. 83058
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@
S TEKTRONIX
OSCILLOSCOPES

with 2 mv/cm sensitivity and fractional-nanosecond risetime

TYE 361 OSCHLOSCOPE 2

® Type 561A—Sampling or Conventional Plug-In Units

L] With sampling plug-in units, the Type 561A becomes a low-drift sampling system that op
erates like a conventional oscilloscope—but with sensitivity and bandwidth possible only
through samnpling.

For sharp displays and convenient photography, the crt features a “no-parallax’ internal
graticule with controllable graticule lighting. Other oscilloscope features include risetime of
0.4 nsec in both channels . . . internal triggering from A and B signals . . . time measurement
range down to 100 usec . . . calibrated vertical sensitivities from 210200 mv/div . .. sweep delay
through 100 nsec.

Also, a monitorable dc-offset voltage simplifies measurement of millivolt signals in the
presence of a +1 volt dc component; and a smoothing control permits reducing time jitter and
amplitude noise, if needed.

Type 561A Oscilloscope (as illustrated)

Type 567 —Analog Displays plus Digital Readout

With digital and sampling plug-in units, the Type 567 shows readout
of pulse amolitudes as small as 2 mv peak-to-peak. .. of pulse risetimes
as fast as D.4 nsec . . . of time differences as small as 50 psec up to 100
usec. After measurement points on the displayed waveform have been
selected ance, for all successive similar measurements, digital data of
further tests can be read directly. Indicators light to designate readout
siatus—whether /n the present limit range, below it, or above it. The
digital piesentation and indicator lights show immediately if the item
tested has met specifications.

Also, the Type 567 can be programmed externally for automatic test
systems.

Type 567 Oscilloscope (as ilustrated)

Type 661— Choice of 3 Dual-Trace Units

Most versatile Tektronix sampling system, the Type 661 features a highly adaptable timing
unit and choice of 3 dual-trace units:

1 Type 4S1—with 0.35-nsec risetime, delay lines and internal triggering,

2 Type 452—with 0.1-nsec risetime, no delay lines or internal triggering, and

3 Type 4S3—with miniature low-noise direct-sampling probes, 0.35-nsec risetime, risetime
control, and 100-k, 2-pf input impedance. In addition, each dual-trace unit features 2 mv/cm
sensitivity, monitorable dc-offset, signal inversion, smoothing control, and 5 display
modes.
Also, the Type 661 can be used with a wide range of Tektronix probes, sampling acces-

sories, test jigs and associated instruments to utilize full capabilities of the compact and
complete sampling oscilloscope.

Type 661 Oscilloscope (as illustrated) . . . . . . o« e 56 0 0a 0 ¢ $3500

For a demonstration of any of
these oscilloscopes in your own
sampling application, please call
your Tektronix Field Engineer. ®

SAMPLING NOTES available—an informative 16-page booklet
on concepts and systems—by writing to the Advertising Depart-
ment, P. O, Box 500, Beaverton, Oregon.

T, c P.0. 80X 500 - BEAVERION, OREGON 97005  FPhone (Area Code 503) Mitchell 4-0161 - Ielex: 036-691 -
ektr onix, Inc. TWX: 503-291-6805 - Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN 27 COUNTRIES

Tektrenix Field Cffices: in principal cities in the United States. Consult Telephone Dijrectory « Tektronix Limited, Guernsey, Channel Islands
Tektronix Canada Ltd.: Monircal, Quehec « Toronto (Willowdale), Onlario « Tektronix Australia Pty. Limited, Sydney, New South Wales
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EVEN
IN
BRIGHTEST
LIGHT

IEE READOUTS NOW 4-TIMES BRIGHTER Rear-projec-
tion IEE one-plane readouts now have a new brightness-
building lens system (Pat. Pend.). With this system, they
provide character brightness at least 4-times greater than
possible before. IEE's greater brightness makes for visual
crispness and unmistakable clarity at wider angles, longer
distances; great readability even under most adverse high
ambient light conditions.

4-TIMES BRIGHTER WITH CONVENTIONAL LAMPS .
IEE readouts operate with the same standard MS and commer-
cial lamps normally used. Greater brightness is achieved with
lenses, not with lamps. For example, our previous models
using 6.3 v lamps gave a light level of approximately 27 foot-
lamberts, as bright or brighter than competitive devices. The
new IEE readout, operated with identical lamps at rated
voltage, gives you rated lamp life and over 100 foot-lamberts!

NEW OPTICAL
PRINCIPLE

IN READOUT DESIGN
Three of the four lenses in
the new IEE Series 10
readouts are now basically
square to permit greater
usable lens area in limited
space. This increase in
size permits the new
lenses to collect twice the
light while requiring only
half the magnification.The
two factors combined
provide 4-times the
brightness of older units.

NEW| IEE READOUTS

READ SHARP & CLEAR

LONGER LAMP LIFE, TOO!- Ifoptimumreadoutbrightness
is not your prime requirement, operate the |EE readout at
reduced voltage. You'll still get double brightness plus 70-
times the lamp life (up to 30,000 hours from 6.3 v lamps
operated at 5.3 v).
UNIQUE DISPLAY VERSATILITY - All Series 10 |EE
readouts (shown actual size above) are now equipped with
the new brightness-building lens system. These readouts
also continue to offer the unique display versatility of all
IEE rear-projection readouts. 12 lamps provide:

* INDIVIDUAL NUMERALS & LETTERS
DIGITS WITH POLARITY
WORDS & MULTI-DIGITS
MODE/WORD INDICATIONS * MULTIPLE WORDS
* COLOR EMPHASIS * ANY SYMBOLS

. STANDARD MS OR COMMERCIAL LAMP

. FILM CONTAINING DISPLAY SYMBOL
(NUMBERS, LETTERS, WORDS,
SYMBOLS, COLORS)

. NON-GLARE VIEWING SCREEN

. 4.TIMES BRIGHTER CHARACTER
1%” HIGH (MAX))

. PROJECTION LENS

. DUAL SQUARE-LENS CONDENSERS
PROVIDE GREATER COVERAGE AT
LOWER MAGNIFICATION

. SQUARE LIGHT-COLLECTING LENS
UTILIZES APPROX. 100% MORE LIGHT
THAN OLD SYSTEM; TRANSMITS
DOUBLE-SIZE CONE TO CONDENSING LENS

IEE one-plane rear-projection readouts are available in severa sizes offering maximum character heights

from

%" to 3%". Your inquiry will bring the comprehensive new “Readout Display Selector Guide" which

includes specifications and other technical information on the entire IEE line of readout devices.

INDUSTRIAL ELECTRONIC ENGINEERS, INC.

5528 Vineland Avenue, North Hollywood, California = Phone: (213) 877-1144 » TWX: (213) 769-1636

Representatives in Principal Cities

© 1963 IEE

ELECTRONIC INDUSTRIES + WNovember 1963
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WHATS NEW

Ku MAGNETRONS

A FAMILY OF COAXIAL-CAVITY KU BAND MAGNETRONS
for airborne radar equipment is said to offer up to
25% more efficiency than vane and strap tubes. The
lower current density of the large-diameter cathode
almost doubles magnetron life for a given power
level. These magnetrons show little or no degradation
of power or stability during life.

The construction, in which a high-Q external cav-
ity is symmetrically coupled to the interaction region,
offers advantages over the vane and strap design,
especially at Ku-band.
tively insensitive to load changes at the output and
to current changes at the input. Consequently, they
can accept poorly shaped input pulses that cause
severe freq. pushing in conventional devices.

The ring tuner, which is readily adaptable to either
mechanical or hydraulic tuning, has no internal

The magnetrons are rela-

hearing surfaces. This contributes to mode stability
and freedom from arcing.

Two of the new units include a mechanically-tuned
retrofit, type SYM-4362, which replaces vane and

strap magnetrons in airborne radar. It has a 60kw
min. power output and is tunable over 160 to
17.06c. The type SYM-4328 sweeps through lec
at a rate of 0Ocrs.

mechanical - clectrical

\ hydraulic drive system with
loop
changes to freq. changes. The units has a 16.0 to
17.06c, 90kw min. power ontput. Sylvania Electric
Products Inc., 1035 \Westminster Dr., Williams-
port, Pa,

SCTVO converts mput

The actuator and tube of SYM-4328 (1.) is available as an
integral unit. SYM-4362 (r.) has a 60kw. power output.

More What’'s New on Pages 41 & 43

SMALL FILM CAPACITOR

A NEW POLYCARBONATE RESIN DIELECTRIC and im-
provements in laboratory fahrication has resulted in
a metallized-polycarhonate, stripped lacquer film ca-
pacttor. The polycarbonate resin was developed by
the Tennessee Eastman Co., and the laboratory fabri-
cation was developed by Bell T.abs. This capacitor
has low-loss characteristics approaching those of
present polystyrene or mica capacitors and can be
operated over a wide temp. range.

The new SOv. units are suitable for use with tran-
sistors and where small size and high capacitance-to-
They operate over

~78° to +125°C: have a temp. coefficient of capaci-

tance of +=50ppm/°C; and are self-healing. Addi-
tional information may be obtained from Bell Tele-
phone Labs., 463 West St,, New York 14, N. Y.

volume ratios are essential.

Fragile lacquer film cannot be wound satisfactorily on ordinary
capacitor-winding machines. A new tangential winder keeps
the supply rolls of metallized film in contact with the
mandrel during winding, so that the film is never unsupported.

ELECTRONIC INDUSTRIES - November 1963




25 watts output at 50 mc
from a silicon planar epitaxial transistor?

Yes, here’s one for you.

The Bendix® BIG (for Bendix Interdigitated Geometry)
Leaf is a silicon planar epitaxial NPN transistor with the
highest power-frequency combination now available. Class
C power outputs of 25 watts at 50 me can be achieved
and the BIG Leaf has gain-bandwidth products up to 300
me. The new configuration provides a lower collector satu-
ration voltage, typically 0.2 volt at 2 amperes, higher gain
and excellent beta linearity at collector currents up to
10 amperes.

The gain-bandwidth product (f,) for the new line is due
to a brand new Bendix diffusion technique, large emitter

Bendix Semiconductor Division

periphery, low capacitance and low base resistance. Major
applications for the BIG Leaf include HF mobile and
portable transmitter, high current switching and high
frequency inverters. Since the overall efficiency of the
unit is much better than a vacuum tube in the same
application, HF, VHF, Class A, and Class C amplifier
and oscillator applications are attractive possibilities.

For more detailed performance data on the 2N3016—
9N3018 contact your nearest distributor (or the nearest
Bendix sales /service office) and tell them you’re interested
in the BIG Leaf.

e Fendp”

CORPORATION

HOLMDEL, NEW JERSEY

Burbank, Cal‘if. (213) Victoria 9-3961; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmde!, N. J.—(201)
747-5400; Minneapolis—(612)824-7270; San Carlos, Calif.—(415) LYtell 3-7845; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.—(617) 899-

0770; Export—Cable: Bendixint, New York, N.Y.(212)973-2121; Ottawa,

ELECTRONIC INDUSTRIES -+ November 1963

Ontario—(613) TAlbot 8-2711.
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SIMPSON ELECTRIC COMPANY

SIMPS ON

INSTRUMENTS

STAY ACCURATE

eight headaches
you cant

et

- with
Simpson Meter

“STICKERS” SHIFTY CALIBRATION

TEMP. DRIFT

GRABBER (Composition Resistors)

If you arc an equipment builder, you yourself may not
come down with the headaches shown above. But your
customers can. The shortcuts in meter quality which
cause such malfunctions don't always show up during
incoming inspection . . . but just wait "l the equipment
is in use.

That's what makes “‘price meters” so treacherous. You
try to cut costs on one end, but lose your shirt on service
calls and returned merchandise at the other.

5213 West Kinzie Street, Chicago 44, I,

)

\ DCANTERES
N\ an

N

\

Phone: (312) EStebrook 9-1121
In Canada: Bach-Simpson Ltd.,
London, Ontario

YELLOWING CASES

CRAZED CASES

TEMP. SENSITIVE
(No Compensation)

MIDDLE AGE
DRIFT

The remedy is Simpson meters. Through experienced
engineering, and a policy of no shortcuts in design,
Simpson eliminates these meter troubles . . . and the
price for this quality insurance is surprisingly close to
so-called *‘price meters.”

You can get stock Simpson meters immediately from
your distributor in 1300 sizes and types . . . or custom
meters from the factory in almost infinite variety.
Write for General Catalog No. 18.

Representatives in Principal Cities
...See Telephone Yellow Pages

Circle 20 on Inquiry Card
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WHATS NEW

PLANAR EPITAXIAL NPN

Increasing digits to
12 provides larger
emitter periphery
and area to give
higher current capa-
bility.
TrE 2N3016-2N3018 are silicon BIG (for Bendix
Interdigitated Geometry) LEAF® planar epitaxial
npn power transistors used for h-f, VHF, class-C
amplifier and oscillator applications. These transis-
tors are particularly suited for h-f mobile and portable
tansmitters.

MICROWAVE MOISTURE METER

IT 1S OFTEN NECESSARY TO MEASURE the moisture
content of product materials. This may be done
cither before, during or after the manufacturing
process.

A new instrument offered by Associated Electrical
Industries Ltd., London, England, makes use ot
microwave absorption principles to measure moisture
with up to =0.2% accuracy.

Portable and simple to use, it measures the total
moisture through a structure under the area covered
by the meter horns. It measures, at microwave fre-
quencies, the ratio between input and output power
transmitted through a solid, in relation to the mois-
ture contained in the solid.

Two types of equipment are now available. One
is an S-band moisture meter operating at 2450 Mc.
It has been designed to measure large samples with
a relatively high moisture content.

The second N-band
meter—has heen designed to measure samples too

instrument — an moisture
small, or too low in moisture content, to be measured
zt S-band frequencies. This meter operates at 10.630
ac and is equally suited for lab or factory uses.

Each equipment comprises two separate units. the
transmitter and the receiver, With the exception of
the microwave oscillator, transistor circuits are used
throughout.
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The larger periphery area results in higher current
capability, lower saturation voltage (typically 0.2vdc
at 2adc), higher gain and improved Beta linearity at
collector currents up to 10a. These transistors achieve
class-C power outputs of 25w. and have gain-band-
width products up to 300Mmc.

The transistors are free of purple plague because
aluminum alloy lead wires are used in bonding to the
aluminum base and emitter areas. Welded con-
struction gives a vacuum-tight seal to ensure stable
operation. The 2N3016 is contained in the JEDEC
TO-5 package, the 2N3017 in press-fit stud MT-27,
and the 2N3018 in a double-ended stud modified
MF-16. Bendix Corp., Semiconductor Div., Holm-
del, N. J.

The transmitter contains an oscillator tube coupled
to a short waveguide, terminating in a horn aperture.
The tube is protected from external load effects, and
the radiation from the aperture is well below sug-
gested safety levels.

A horn, similar to that used on the transmitter, is
used in the receiver, and is coupled by a short length
of waveguide to a precision attenuator and crystal
detector. The signal from the crystal detector is
amplified by a high-gain amplifier, and the output is
presented on a meter.

Prototype S-band meter is shown being used to confirm the
water content in a brick wall. The meter can be used for more
than simply finding the water content in any material. 1t can
provide a system of continuous monitoring on a production line,
or allow automatic moisture control of material or products.
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e Comptele Live of /% /O bt
AMPLIFIERS BY ALFRED

900 Mc to 18 Gc

FEATURES
Rated gain and power output over each range at one
setting of controls

> Can provide greater than rated power over limited
frequency ranges

Flat response

Easy to operate — just connect and turn on
' Alfred ruggedness and reliability
* Rack or bench mounting
* RF connectors on front or rear

APPLICATIONS

¢ Broadband power amplifiers

¢ Buffer amplifier or load isolator

¢ Driver amplifier for high power pulse and CW tubes

* Stable power oscillators using external resonant
feedback networks

* Frequency multiplication
For complete information, please call your Alfred engi-

neering representative or write us. All specs guaranteed
as stated. Stock delivery in most cases.

Each Alfred Broadband Amplifier consists of a TWT, its
focusing magnet, and a completely regulated supply
for obtaining optimum performance from the TWT.

HLFRED ELECTRONICS

Stanford Industrial Park « 3176 Porter Drive « Palo Alto, California
Phone: (415) 326-6496

Circle 21 on Inquiry Card

Basic Specifications | 508t | 5-6752 | 502A |56868t| 5-542t | 529t | 529-S1t 528* 528A* 527* | 527-81* 526*
Freq. Range (Gc) | Stol | 1to2 | 2to4 | 2tod | 4108 | 4t08 | 4.8t065 7toll | 7toll [8t0o12.4 | 8toll | 12.4t018
Power Output (watts-min.) 1 1 1 10 1 10 10 5 10 2 10 1
Gain (db small signal) 30 33 30 33 30 30 30 30 30 30 33 30
Gain (db saturation) 30 30 30 20 30 27 27 30 25 27 30 30
Price | $3290. | $1950. | $1590. | $2550. | $2790. | $3650. | $3250. | $3150. | $3600. | $3150. $3450. | $3950.
*Can be pulse modu'ated only. tCan be pulse and amplitude modulated. 17
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WHATS NEW

e

PROTECTING FRAGILE TUBES

“A  COMPLETELY NEW LOADING
METHOD giving extra protection 1o
freight damageable by normal and
abnormal travel shocks,” as quoted
from the New York Central Rail-
road describes inflatable dunnage
used in freight-car hauling of iragile
components such as tubes and other
electronic equipment.

This method of taking up voidls
in carload shipments replaces the
ustal high-cost methods of shoring
with wood, strapping, etc. Users re-

dunnage bag. when inflated with five
pounds of air per square inch. can
exert a force of 8,000 pounds in each
direction against the lading. The
proper application of inflatable dun-
nage permits almost any cargo 10
withstand considerably more shock
and impact than the freight car it-
self. The dunnage bag was developed
by The Goodyear Tire and Rubber
Co.. Akron 16, Ohio. and is heing
used by the Philco Corporation 10
protect their cathode ray tubes dur-

Inflatable bags are placed between
fragile items and filled with air
to prevent breakage due to shifting.

#

HIGH FREﬂUENCY “GH"NG SYSTEM introduction of the solid state converter. and the new

A NEW 3000-cycLE HiGH FREQUENCY lighting svs-

ing shipment.

port savings as high as 78% on labor
and 40% on materials. A 4 x 4 ft.

increased efficiency ballast, marks the first time that
such a concept is both practical and economical.

A key advantage of the new scheme is that the
system uses the 00-cycle distribution system through-
out the building in the normal manner. The con-

tem has been announced by Gl The new systemn
will increase the light ontput of 40-watt fluorescent
lamps by 3 to 0%. and reduce operating costs hy

10% over normal 00-cycle systems. verter functions from this normal 00-cycle power

Lleart of the 3000-cycle L-f system is the Low system at points adjacent to the high frequency light-

Voltage Switchgear Depi.’s new solid-state frequency ing system.

converter. ‘This unit statically rectifies normal 60-

. Engineer measures lumen output from one of 26 G.E. F40
fluorescent lamps. Instrument being used is a “Lumen Me-
ter,” which measures relative efficiency of fluorescent lamps.
Powering the 26-lamp demonstration unit s G.E's new
3000-cycle h-f lighting converter, shown in the background.

cvele power and then converts it to the more eflicient
3000-cycle level. It will be available in ratings from
20 kw through 100 kw, with ‘nput voltage ratings of
208 and 277,480 volts, three phase wye connected.
and with output voltages of 300 600 volts. single
phase.

Another contribution to over-all system economy
is a newly created ballast. The 3000-cycle hallast
will be about 30% smalier and 60% lighter than the
normal 00-cycle ballasting needed for four 40-wati
fluorescent lamps.

Combination of the frequency converter and the
new hallast will offer over-all system power effi-
ciencies of 91% as compared to about 85% or less
wtili 60-cycle systems.

The increased lumens watt of the lamps and im-
proved ballast efficiency will also result in reduced
heat losses in a room having a given lighting level,
and in reduced initial and operating costs of air con-
ditioning equipments.

While the concept of h-i lighting is not new, the




How many types of microwave tubes can you name?

FXR's new Z817B drives them all

Just name the tube—FXR’s new Z817B Universal
Microwave Power Supply drives all types. And you get
four modes at the flick of a switch: sine, square wave,
pulse or sawtooth.

Inside, the Z817B is crammed with extras: six indi-
vidual, floating power supplies which can be intercon-
nected in various combinations; automatic time delays
that apply microwave tube filament and electrode volt-
ages in the right sequence. Provision has also been made
for automatic frequency and gain control, and you get
complete overload protection and interlocks for personnel
and equipment safety.

Outside, digital and dial tuning controls (back-stopped
by meter monitors) enable quick, accurate pre-setting of
all voltages. Current at each power supply is displayed
on individual front panel meters. In short, the Z817BR’s

44 Circle 28 on Inquiry Card

instrument panel is as fool proof as 4000 volts can be, and
almost self-explanatory. (But we do recommend that you
read the instruction manual.)

Did we mention complete, easy-access modular con-
struction and the high-stability, long-life components
used throughout?

Price? About $10 a pound (or $2950 complete). With
off-the-shelf delivery.

Oh, the tubes: triode, tetrode, klystron, TWT, BWO,
voltage tunable magnetron or any of their variants.

Want to see it in action? Call, write or TWX any FXR
equipment rep, or Ed McDonald, FXR, 25-26 50th St.,
Woodside 77, N. Y.

™
THE RF PRODUCTS AND MICROWAVE DIVISION
OF AMPHENOL-BORG ELECTRONICS CORPORATION
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there are 1001
types of
industrial glass.

Why does FUSITE
ma/(e their own?

« TERMINALS >

™ pagricy pegouct |
. PERFORMANCE R . . O .
€ \g" Fusite Corporation, Cincinnati, O.
Eauel

Fusite N. V., Konigweg 16, Almelo, Holland

We could “make do” with glasses
from commercial sources. Most
other glass-to-metal seal manufac-
turers find them adequate.

Here’s our reason.

All the glass used in our entire in-
dustry wouldn’t add up to the
tonnage of a few trailer loads of
beer bottles. But the properties of
the several kinds we do use in small
quantities determine the perform-
ance of a given terminal in your
whole assembly of component parts.

The coefficient of expansion, firing
range, insulation resistance,
mechanical strength, surface prop-
erties, chemical resistance, thermal
sensitivity and bubble structure,
etc., are engineered for your specific
application of the terminals.

We just refuse to compromise for
the sake of expediency.

Fusite Terminals start with your
intended use and your production
procedures. We then recommend the
best possible combination of design
and metal type, and only then do
we select a glass that our extensive
research has proven well suited to
your needs.

Tt just happens that more often than
not the exact glass you need

THE FUSITE CORPORATION

6000 FERNVIEW AVENUE . CINCINNATI 12, OHIO

Woodford Mfg. Co., Versailles, Ky.

Fusite GmbH, Dieselstrasse 5 Karlsruhe, W. Germany

Fusite-Japan, Gotemba, Japan

ELECTRONIC INDUSTRIES November 1963
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s0, what’s
new?

This is AE’s new Type 45NC Rotary Stepping
Switch. Each bank is made up of two standard
levels tensioned together so that each set of bank
contacts forms a closed circuit. The wiper assembly,
tipped with a molded Delrin insulator, opens the
contacts one at a time as it rotates. Normally open
and normally closed banks may be specified on the
same switch. » Contacts are gold-plated phosphor

normally closed
contacts, that’s what

bronze, providing contact resistances of only 10 to
20 millichms measured at 6 volts, 100 milliamperes.
» The 45NC is ideal for self-interrupted hunting or
testing eircuits. In either case, no auxiliary relays
are needed to initiate operation. For full informa-
tion, ask for our “Product News: 45NC.” Write
Director, Control Equipment Sales, Automatic
Electric, Northlake, Illinois.

AUTOMATIC ELECTRIC

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS @

46 Circle 24 on Inquiry Card
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STATHAM ANNOUNCES
AN EXCITING ADVANCE
IN CONNECTORS AND HEADERS

TEMPERATURE RANGE: —320°F to +4-1200°F.

RADIATION RESISTANCE: Thermal neutron capture
cross section is less than 1 x 10-# cm?,

LEAK RATE: Less than 2 x 10-°cc He/sec.
PRESSURE SEAL: Withstands greater than 10,000 psi.

CORROSION RESISTANCE: Unaffected by Aqua Regia,
Nitric Acid, Sulfuric Acid, and Hydrochloric Acid,
in all concentrations. Also unaffected by stainless
steel soldering fluxes.

ELECTRICAL INSULATION: More than 400,000
megohms at 1000 volts D.C.

High reliability and the ability to withstand severe
environments are achieved through the use of a new
Statham-developed insulating ceramic.

For additiona!l information, write or call Statham
Instruments, inc,, 12401 West Olympic Blvd., Los
Angeles 64, Calif., BRadshaw 2-0371 (Area Code 213).

CRaaram

ELECTRONIC INDUSTRIES
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-\ SIGNIFICANT PART OF THE PRICE YOU PAY for elec-
tronic instruments and parts represents the manufac-
turers’ selling costs. \When you—as an engineer—
buy a product, you buy the catalogs and ads that
promote it, and you buy the sales engineering thap
sells it. Tigure something between 10% and 20%
of the price tag for selling costs. You can consider
the money thrown away, or—if you know how—vou
can get it back with interest, in the form of expert
advice and service from sales engineers.

To the manufacturer, the sales engineer is not onl
a salesman but also the company’s chief link to the
customer—a feedback path vital to the planning of
company policy and new-product development. A

Lt

o I 1

MAKING USE OF
SALES ENGINEERS

Sales engineers can do more

tor the design engineer

than just sell him a product.

They can actually aid the designer

with his design problems.

This article tells how to go about

making the most of their specialized knowledge.

valuable tool, the sales engineer—to his emplover
and to you, the customer, if you know how to get
the most out of him.

Five simple rules will guide vou to a profitable
relationship with sales engincers :

L. Find sales engineers whose spccialties are of
interest to you.

2. Determine whether the sales engincers are
qualified.

3. Describe your work to the sales engineers in
enough detail for them to know vour needs.

+. Require that the sales engineers make appoint-
ments to see yvou.

(Continued on page 50)

.

. and in addition,

we can give you any
engineering assistance

you may need in your
circuit designs

that include this component.”

By LEO J. CHAMBERLAIN

Manager, Syracuse Sales Eng’g. Office
General Radio Company
Syracuse, N. Y.

A REPRINT OF THIS ARTICLE
CAN BE OBTAINED BY WRITING
on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila., Pa. 19139
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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 /living—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 L
the first American to the moon will definitely soar to ] /
history from Florida.

Engineers and their families dream of living here f
in Florida. Give them this dream by moving your plant /{
here. Nurture the brains that will give your business a ”4'
greater and greater stature in this, the Electronics Age. B

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
/nveSl‘Igafe thing better than a FLORIDA vacation is having your plant here.”

FARRIS BRYANT

...AN 11 BILLION DOLLAR MARKET

r———-—————-—---—-—-—-—--——---

Ask about free

film“Profile Mr. Wendell Jarrard, Chairman R St et e i ), S
of Progress” FLORIDA DEVELOPMENT COMMISSION

FLORIDA FOR Box 4321B * Tallahassee, Florida Firm Name

CONVENTIONS— Please send me brochure, “*“Why Your New Plant N et S e

Write for free
information on
Florida's wonderful
facilities for your
group meeting.

Should Be Located In Florida,” containing the
facts about FLORIDA's opportunities for New Address.......ooo i
Industry, the 11 BILLION DOLLAR CON-
SUMER MARKET, Labor, Climate, Schools,
Natural Resources, Favorable Tax Structure. CibYcnisicinmaiisasssasiorsss DB ., S cieim
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USING SALES ENGINEERS (Concluded)
S i S

5. Demand a complete story.

1. Find sales engineers whose specialtics are of in-
terest to you.

The field of electronics has expanded so quickly
that an engineer cannot maintain technical com-
petence in all areas. The answer is specialization, and
this is as true of sales engineers as it is of those in
development. The best sales engineer for you is one
who is a specialist in your field of interest.

Finding such a sales engineer may take a little time.
A lot depends on your company. If it is very small,
you may have more of a problem than if you worked
in a big company. Sales engineers are apt to con-
centrate on the large companies with large budgets.
On the other hand, there may be so many develop-
ment engineers in the large company that the sales
engineer assigns priorities within the company. The
point is, don't wait for the right man to call you;
call him.

If you have been involved in purchasing. chances
are you already know the sales engineers in your area.
I you do not know any, you represent a “new con-
tact.” Either way, you shouldn't have much difficulty
in attracting sales engineers if you try.

2. Dctermine whether the sales

qualified.

Fortunately, most electronics sales engineers arc

engineers are

well qualified. But there’s no sense in wasting time
with one who isn't. An engineering degree is a step
in the right direction; but it’s certainly no guarantee
of technical competence. There are, moreover, many
non-college graduates whose military or work experi-
ence makes them highly qualified. There is no sure-
fire way of instantly sizing up the sales enginecer,
but a few well-designed questions (no curve halls,
just honest questions) at the outset may help you
detect a non-technical sales engineer who will he of
little value.

3. Describe vour work to the sales engineers in
enough detail for them to know your needs.

If the sales engineer is to be of help, he must know
in some detail what you are working on. This in-
formation will enable him to point out new approaches
on a continuing basis, and will help him to steer you
to the proper equipment. Also, he should be kept
advised of any changes in your basic work.

The sales engineer’s first visit is an information-
gathering occasion, and you should not expect many
specific recommendations from him at that time. He

50

will probably spend most of the time asking questions.
The second, third, and subsequent visits will indicate
how well the sales engineer understands your work,
recognizes your problems, and is equipped with solu-

tions.

4. Require appointinents.

Your time is valuable; so is the sales engineer’s.
Only if the sales engineer is prepared to offer infor-
mation of value, and only if you can talk to him
without distractions, can the discussion be worth-
while. The best way to ensure such an environment
for your meeting is to require an appointment. And
an appointment should be granted only when a pre-
liminary phone call indicates that the sales engineer
has information of interest.

5. Demand a complete story.

You have a right to expect complete, accurate
answers to all questions that deal with the sales engi-
neer’s service or product, or even with competing
products. If there are any questions that can't be
resolved on the spot, an enterprising sales engineer
will list them and leave a copy of this list with you
so that you can both check up on loose ends later.
Don't hesitate to press the sales engineer, even if
some research is required on his part. It's all part of
his job.

On the other hand, if you can't get a complete
story, you may have run into one of the few unquali-
fied salesmen. Your recourse is to refuse to deal with
sales engineers who aren't technically competent.
You might even consider writing a note to his com-
pany, pointing out the lack of service.

Sales engineers, to sum up, can help you do your
job better. Just learn how to use them.

= —————— - —=——= = i)

MICROWAVE TUBES
1962 Factory Sales

(In Thousands)

TOTAL UNITS TOTAL SALES

Klystrons 181.3 58,855
Reflex Oscillators 173.8 21,565
Other 9.3 37,290

Continuous Wave 6.5 21,956
Pulsed 2.8 15,334

Magnetrons 70.9 40,481
Continuous Wave 21.9 11,767
Pulsed, Fixed 17.7 7,362
Pulsed, Tunable 31.3 21,532

Forward & Backward

Wave Tubes 33.1 55,065

Forward Wave,

Continuous Wave 18.1 27,310

10 Watts or Less 14.9 22,841
Over 10 Watts 3.2 4,469
Forward Wave, Pulsed 4.5 13,809
Backward Wave 10.5 13,946
287.1 $154,401
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#4/0 to #18 CONTACTS, COLLET-

RETAINED, REAR-RELEASED . . .
NOW AVAILABLE. Pyle Star-Line®
Neptune Series plugs and receptacles are
now available with Mod. lll inserts having
crimped, collet-retained, rear-released
contacts. They are intermateable with
Mod. | and Mod. Il Inserts.

Contact sizes are available from #18 to
4/0for applications ranging from telemetry
to power. The crimped contacts are
snapped-in from the insert back-side, and
are positioned and stabilized by collets
designed for low insertion and high reten-
tion forces. Female contacts are of the
closed-entry type. Controlled spring ten-
sion of the contacts insure minimum in-
sertion and separation force. The contacts
may be easily removed from the rear of
the insert with an inexpensive plastic tool.

Mod Il combines the advantage of the
center resilient seal plus front and rear
rigid plastic insulators. The three piece
contact insulators insure a reliable seal
at the periphery of the insert and around
each contact to provide unmatched en-
vironmental resistance. Socket insulator
cavities are molded with a bellmouthed
guided entry to prevent mismating of male
contacts under any conditions.

A wide selection of insert configurations
and accessory hardware—including that
with 360° RFl shielding capabilities—is
available for your requirement. Learn more
about Mod 1ll by requesting Technical
Bulletin No. 4.

K

CONNECTOR DIVISION, THE PYLE-NATIONAL COMPANY, 1334 NORTH KOSTNER AVENUE, CHICAGO 51, ILLINOIS

Also manufactured in Canada by: Pyle-National (Canada) Ltd., Clarkson, Ontario

Pyle: Nationat

CLECTRICAL CONNECTORS LIGHTING EQUIPMENT CONDUIT NITTINGS
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Report from

BELL
LABORATORIES

Engineer A. H. Evans measures the effect of voltage surges on Bell Labcratories’ simulated undersea telephone cable.
Simulating 180 amplifiers and 181 cable sections, with a total length of 3600 miles, the arrangement includes over
1100 electrical components. Photo merges two sides of the simulated cable so that both can be viewed at once.

THE UNDERSEA
“CABLE” THAT
NEVER GOES TO SEA

In undersea cable systems, electric power for the am-
plifiers is transmitied along the cable itself. To make
this possible, precisely engineered circuits and de-
vices must be designed into the system for protecting
electron tubes and other components from sudden
voitage surges which may result from accidental
damage to the cable.

In systems such as these, the computation of the
effects of such surges to establish the needed design
parameters is extremely complex. Here, as in many

- other areas of our work, a solution to the problem
has been found through electrical simulation.

Fuli-scale simulation is achieved by means of net-
works of electrical components. For the new 128-
channel caple scheduled for transatlantic service this
year, a network (above) was built to simulate the power
path of a 3600-mile cable with its 180 amplifiers.

With the aid of this simulator, engineers can study
the effects of voltage surges, the operation of electron
tube protectors, and the performance of the power
supply in the various contingencies that may occur
in active service.

This study of unknown factors by means of elec-
trical simulation is an example of how engineers at
Bell Laboratories work to assure the performance and
reliability of new communications systems before they
are committed to service.

Bell Telephone Laboratories

World ceater of communications research and development

ELECTRONIC INDUSTRIES -
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ITT TUBES
FOR RADAR SYSTEMS

]

MDDULATOR

44 hydrogen
. thyratrons

13 power triodes

RF OSC & DRIVER
40 TWT's

21 BWO's
L, S, C and X bands

RECEIVER
DISPLAY

28 storage tubes

212 to 11 inches

HV SUPPLY

12 vacuum diodes
8 hydrogen diodes
5 to 200 kw

(&

For today’s radar and ECM systems...166 tube types by ITT

HYDROGEN THYRATRONS — ITT Kuthe
makes the most complete line on the
market today . .. 52 basic types includ-
ing the industry’s broadest line of metal-
ceramic types designed to operate at
high repetition rates and high tempera-
tures in radar pulse circuits.

HV POWER TUBES-ITT offers a full line
of basic types from 5 to 200 kw, includ-
ing the most complete line of coaxial,
ceramic, and evaporative cooled tubes

ELECTRONIC INDUSTRIES

November 1963

available. 25 types are specially designed
for radar switching, rectifier, clipper and
charging applications.

STORAGE TUBES—ITT offers the indus-
try’s most complete line with 28 types
from 22 to 11 inches. Features include
ITT’s exclusive ring flood gun which
eliminates trapezoidal distortion. Writ-
ing speeds up to 500,000 ips and erase
times as fast as 1 millisecond with high
brightness for radar display.

TWT's—ITT has recently added a com-
plete line of PM BWO’s to its existing
lines of 40 TWT’s and 21 BWO’s. Lat-
est TWT introduction is series of light,
rugged 1 kw metal-ceramic tubes idcal
for ECM and radar driver applications
inL, S, C and X bands.

These types are available today. Write
for complete specs. If you have a unique
problem which one of thesc 166 types
won't solve, please tell us about it. We'll
be happy to come up with number 167.

II_'[II_'[I ELECTRON TUBE DIVISION
CLIFTON, NEW JERSEY

INTERNATIONAL

TELEPHONE AND
Circle 22 on Inquiry Card 53

TELEGRAPH CORPORATION
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If you're tired of hearing about the
"perfect” printed circuit connector,
you're just the man we want to talk
to.

We're here to offer you freedom of
choice, because that's where objectiv-
ity begins. The boy blowin{g his last
penny on candy wants to be able to
choose between the 30-second delica-
cies and the stuff that lasts all after-
noon. It's licorice versus jawbreakers,
root-beer-barrels versus bubble-gum.
They're all good, but none are perfect.

That's why we make such a variety
of printed circuit connectors. Each
type and style has its own special
bailiwick. They're all "perfect” when
they're applied properly.

OUR NEW BELLOWS-TYPE

Take the new Amphenol 225-series.
This bellows-type connector has the
smoothest, gentlest, most efficient ma-
ting action you'll find anyplace. Even
after thousands of insertions, the deli-
cate conductive surfaces of the printed
board are unscathed by the 225.

The 225-series has remarkably low
contact resistance, too. For the solder
terminated style, it's under 25 milli-
volts at 5 amperes.

The bellows-type contact on the
225-series is split down the middle.
You get two contact points for every
interconnection. This helps keep the
contact resistance low, of course, but
it also conforms readily to irregular
mating surfaces.

The 225 is convex. It meets and
mates the printed circuit board with a
wiping action that assures contact.

AND, FURTHERMORE
The 225-series contact is self an-
chored in the connector body. Con-

@T_

Objectivity

tact faces will not distort at the slightest
pull on the terminals.

The 225-series has twice the flexing
range that you'll find on other bellows-
type contacts. This means you can
rock the board twice as far with no
danger of contact distortion.

The 225-series does not waste valu-
able contact space with a polarizing
key. The key is sandwiched in be-
tween contacts.

The 225-series can be terminated
with solder lugs, taper pins, removable
crimps, or Wire-Wrap* terminals.

Contact styles? Contact positions?
Mounting provisions? Well, let's just
say that there are over 100,000 combi-
nations available in the Amphenol
225-series bellows-type connector.

WHO NEEDS IT?

And now for the facts of life. Some
people simply don't need the 225-
series. Some printed circuit boards are
inserted once and never disturbed
again. Some printed circuits are never
subjected to pull on the terminations.
Some printed circuits are not really
so delicate that they must be protected
from contact wear. Some printed cir-
cuit boards never get rocked. And in
some applications, the space taken up
by a conventional polarizing key is of
no consequence. And so forth.

And that is why Amphenol makes
Prin-Cir® connectors, Micro-Edge®
connectors, Micro-Min® connectors,
and specials that haven't been named
yet. They are all printed circuit con-
nectors. They are all “right” where the
need dictates their use.

The hero of this story is the
Amphenol Sales Engineer. He's the
only man who has access to a complete

*T.M. Gardner.Denver Co.

line. Thus he's the only man who
can look you in the eye and tell you
exactly which printed circuit connect-
or you need. Objectivity.

You won't hear Amphenol Sales
Engineers telling you about perfect
connectors. They don't have to. They
know better.

DETAILS, DETAILS

If you're really interested in seeing
what a complete line of printed circuit
connectors looks like, we invite you
to write for our new 20-page catalog
PC-1. Just contact your local Amphenol
Sales Engineer, or write to Dick Hall,
Vice President, Marketing, Amphenol
Connector Division, 1830 South 54th
Avenue, Chicago 50, Illinois.

Problem: To make contacts that give an
extremely low millivolt drop, yet do not mar
printed circuit conductors, even after thou-
sands of insertions.

Solution: Bifurcated, convex faces for sure
contact. Double spring action with wide
flexing range. Then double-plate and polish
so smooth they caress the mating surface.

1y Connector Division/AmphenoI-BOrg Electronics Corporation







OWLY DEW GEN-PRO 700 SERIES
[WDUSTRIAL TERMLIAL BOARDS ARE
PRE-PACKED IN EVERY POSSIBLE

SIZE AND VARIATION. ..

¢

YOU GET EXACTLY TJLLAT YOU WANT
... Wiz YOU WANT IT

You can count on Gen-Pro’s new 700 terminal boards for the stations—are packaged in lots of 5, 10 and 20. The boards of
reliability you want for any application—and on Gen-Pro’s your choice are shipped from stock in the quantities you re-
unique pre-packaging and ‘“timed” delivery program to keep quire—when you need them. Back orders are virtually non-
production humming. All sizes—all variations in number of existent. Write to Dept. SMMD today for illustrated literature.

700 SERIES TERMINAL BOARDS

Model No. Voltage, RMS : Terminals G E N
740 1200 1-46
741 1600 1-39

742 2500 1.30
764* 1600 1-46

#5/32 screws
GENERAL PRODUCTS CORPORATION B UNION SPRINGS, N.Y.
Phone: (area code 315) TT9-7367 « TWX: 315-999-1455
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]
20c to 500 kc
h . 65 to &6 M
Outputt slllge wave: " 800 kQ to 80 Mc 50 to 2850 Mc Outpu?int0°53‘ 80m¢:1
up to 4ov ?Pe" circuit. Output into 501 200mw Output into 509: 70mw (typically 400mw over ;r;;)stof range)
square wave: Type 1211-C, $325 Type 1215-C, $210 Type 1208-C, $250

up to 30v p-p, open circuit
Type 1210-C, $185

... choose your combination

Nine low-cost G-R Oscillators give you continuous frequency coverage from 20 cycles to 2 Ge
plus spot coverage to 7.425 Ge. By selecting appropriate oscillator and power supply combinations,
you can create signal sources that provide maximum power, optimum frequency stability with mini-
mum residual fm and am, a modulated signal (either pulse or square wave), or an amplitude-regu-
lated output for sweep applications.

o f % B s
D . 3 »
180 to 600 Mc 250 to 960 Mc 450 to 1050 Mc 900 to 2000 Mc 2.7 to 7.425 G¢c
Output into 500: 250mw Output into 504 150mw Qutput into 501 150mw Output into 509: 150mw depending on klystron used
(typically 500mw over most of range) Type 1209-C, $285 (typically 200mw over most of range) Type 1218-A, $465 Output: 75 to 100mw,nominal
Type 1209-CL, $285 Type 1361-A, $285 Type 1220-A, $320 (less klystron)
General-purpose power supplies. Regulated power supplies for improved stability
Provide highest output at lowest cost.
——~
i |
Designed for use J \"‘- L Automatically maintains output
with R-F Oscillators a S @ . constantas osciilator frequency
'R Type 1269-A, $70 b | . 7 is varied. Ideal for mechanicai-
o i A . sweep application.
‘ v - Not recommended for 1208,
- . , ) Type 1263-B, $380
& - -
Has regulated & f\ L )
plate-voltage supply k4
Type 1201-B, $95
Designed for 1210-C To produce 100% pulse and
Both heater and square-wave modulation at 1 kc.
Type 1203-B, $55 plate supplies are or from 20c to 100 ke with
regulated external pulse sources.
Type 1267-A, $170 Not recommended for 1208 and 1211.
Type 1264-A, $285
Write for Complete Information
IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673 G E N E R A I- R AD I o C o M P A N Y
B Radi , Zurich, Switzerland
IN EUROPE: General Radio Overseas, Zurich, Switzerlan W(.EST CONCORD, MASSACHUSETTS
NEW YORX, N, Y., 964.2722 CHICAGO PHILADELPHIA, 424-7419 WASHINGTON, D.C. SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ~ ORLANOO, FLA.  CLEVELAND
(Ridgefield. N, J.) 9433140 (Oak Park) 843-9400 (Abington) 887-8486 (Rockville, Md.) 946-1600  453-9323 FL 7-403) (Los Altos) 948-8233 469-6201 425-4671 886-0150
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Microwave is a comparatively young field that is al
ready going through advance stages of change. New
technology creates new components and hardware
Makers and vendors clutch at fast waning markets
on one hand while trying to foster, woo and balance
new customers on the other. Possible answers—
build up foreign markets and find new domestic uses.

THE MICROWAVE BUSINESS, SCARCELY 20 YEARS OLD,
keeps growing and changing. Communications com-
mon carriers and some private firms are getting
deeper into microwaves.

7
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MICROWAVES—
A MARKET
IN TRANSITION

The Government, chiefly DOD, though no longe:
the foremost hardware buyer, remains the biggest
microwave service user. Now, the largest, fastest
growing, and most profitable microwave market i
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heing pursued overseas. While microwaves is mainly
a technical field, future profits may be paced more
by management and marketing than by technology.

Microwave market data vary with sources. For
1960, Arthur D. Little, Inc., puts the market at $1.6
billion. Stanford Research Institute charts it at $1.5
billion. However, by 1965, ADL assesses the market
at only $2.6 billion, while SRI projects it to $5 bil-
lion, based upon the expected power tube market.
Electronic Industries Association has a third set of
figures, which it has not yet revealed.

However, EIA gathers microwave market statis-
tics on a regular basis for: tubes, solid state devices,
components, and systems. EIA still lacks enough
cooperation to survey the antenna and instrument
fields, mostly because they are dominated by a certain
few firms. It should be noted that each microwave
company that comes in on any survey by the EIA
Marketing Services Department will receive total
statistics of its survey group, whether or not the firm
is an EIA member.

Must Use More of the Spectrum

Our cramped electromagnetic spectrum drives us
to explore new frontiers in the higher microwave
frequencies, then exploit them as new microwave
markets. To advance the state-of-the-art we must
use more of the spectrum.

Serving more of the market can help sell more
hardware. But selling hardware requires selling
engineered microwave systems, assembled from
power tubes, solid state devices, waveguide com-
ponents—or “plumbing”’—and antennas. An integral
part of these engineered systems is test and meas-
urement instruments. Dependable service and main-
tenance support are needed to back up systems and
instrument sales.

Different sizes of waveguides are required for
every microwave band. However, instruments usual-
ly cover all or most bands. Accordingly, plumbing-
components markets do not overlap, while instru-
ment markets do. Against this technical mix, each
company must decide its marketing mix.

Some firms are set up like systems themselves,
since they make many, or most, of the components
and instruments required for a system. Smaller firms
generally make components or instruments only.

“The U.S. Covernment has already purchased

most of the microwave equipment it needs at present,
such as the BMEWS antenna network in Alaska,

but is still the biggest user of microwave services.”

T T e T T TS S
By SIDNEY FELDMAN,

Associste Editor.
ELECTRONIC INDUSTRIES
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RFI Approach Now Positive

A special aspect of microwave marketing is the
need to design systems with filters to prevent grow-
ing interference among radar, guidance systems,
communications links and other systems. The origi-
nal negative concept was to combat RFI: Radio Fre-
quency Interference. Now the positive approach
means  cooperation  between microwave  systems
people and the Department of Defense. This is done
mostly through the Electromagnetic Compatibility
Analysis Center at Annapolis, Md. Iailure to co-
operate could prevent firms from selling systems.

Microwave systems, though used mainly for mili-
tary-defense communications, are used as well for
consumer-industry communications and automation.
Among equipment using microwaves as carriers are
telephone, telegraph, and teleprinter. Other special
equipment, with big potential growth factors, in-
clude: computer and data transmission; remote
supervisory control (automation); electronic fac-
simile, and studio transmission links for closed cir-
cuit TV.

Unique microwaves, products and systems are in
various stages of use or experiment.

lieating is being used for cooking, for drying printer’s

Microwave

ink quickly, and for torches. Microwaves are used in
scientific and medical research. Yet these somewhat
limited or exploratory uses remain to be proven
economically before they can be promoted into worth-
while markets.

Common Carriers Buy One-Fourth

Common carriers buy about one-fourth of the
If the
amount of microwave hardware Western Electric
provides AT&T were known, surely common car-
riers would reflect a greater recorded percentage of
this market. Common carriers covered in the per-
cent figure cited mainly include: Western Union,
which designs its systems and procures from outside
dealers ; General Telephone & Electronics Co., which
can call upon Sylvania Microwave Device, Lenkurt
and Automatic Electric; and some 3,000 independent
General Telephone provides
some of its own hardware, and AT&T gets most of
its hardware from WE. But they and other common
carriers also buy from nearly 400 hardware, com-
ponent and instrument firms that make up the
microwave industry.

Western Union built the first U. S. commercial
microwave system in 1945, linking New York City
and Philadelphia. Some time in 1964, WU will have
completed its 6,800-mile microwave beam system as
the “keystone” of its new nation-wide system. It will

known U. S. microwave hardware output.

telephone companies.

59




MICROWAVE MARKET (Continued)
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include high-speed, high-volume voice, data, com-
puter, facsimile and telegraph facilities.

AT&T’s first microwave system linked New York
City and Boston in 1947. Paradoxically. the now-
retired Dr. George C. Southworth of Bell Telephone
Laboratories recalls how he worked in secret with
“continuous waves” in the 1920’s and the 1930’s,
while fearing cancellation of research funds during
those depression days.

509% AT&T on Microwave
At the end of 1962, about 50% of all AT&T Long

Lines communications facilities were on microwave.
Nearly 50 million miles of teleplhone circuits on radio
relay represent 40% of telephone circuits on all fa-
cilitics. AT&T has nearly 450,000 miles of wide-
band microwave channels, of which more than 92,000
carry inter-city TV. And, AT&T experiments with
its own space/satellites, Telstars 1 and 11, to extend
microwave capability to other nations. AT&T and
other firms work with the Communications Satel-
lite Corp.

Microwaves thus have broadened AT&T facilities.
The science also has enabled private industry to com-
pete with the Bell Systeni. This started in 1939
when IFCC opened microwave frequencies to the gen-
eral business community.

The microwave market, once limited 10 U. S. Fed-
cral agencies and right-of-way companies, such as
pipelines and railroads, now was wedged open. In
came press radio, transportation, and a host of
industrial companics. They are served largely by
microwave systems suppliers including Collins Radio.
GE, ITT, Leukurt, Motorola, Philco, Raytheon,
RCA and tiers of components and instrument ven-
dors, plus a few foreign vendors. These firms had
to educate customers before they could sell heam and
multiplex systems,

However, this market has not been all profits since
a double set of economics renins to he mastered.
Many future industry users don’t have cnough com-
munications volume to justify private microwave
systems. For them it scems to be a matter of too
much, too soon, too costly. Some microwave systems
vendors don't have enough industrial customers to

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila., Pa. 19139
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warrant added overhead for engineering, marketing
and maintenance. Supplies and suppliers often exceed
demand.

Generally, big commercial companies so far are
the best prospects along with pipelines and railroads.
in 1962 railroads ran, or had approved more than
8,000 miles of microwave facilities. Electric utilities
strongly tend to use their own microwave systemns
for 24-hour control of their operations.

Pipelines Among Biggest Users

Petroleum pipeline firms are among the biggest
users of microwave for communications and automa-
tion. Such systems serve many of the 800 firms that
use more than 50,000 transmitters—which add up to
the nation’s biggest network. The American Petro-
leum Institute says experts predict the number of
petroleunm company transmitters will double between
1963-1973. But by then the petroleum companies’
allotted radio spectrum may become saturated. So,
oil men are joining electronics researchers to *“‘dig”
for ways to increase multiple use of each assigned
frequency.

While industrial microwave systems business rep-
resents a one-time installation, maintenance, spare
parts and possible future extensions, AT&T regards
such competition as a continuing threat to its reve-
nues. AT&T has countered private microwave com-
petition by increasing its own facilities and offering
special rates and services. These “telephone chan-
nel packages” for voice and/or business machines
include Telpak, WATS (Wide Area Telephone
Service), WADS (Wide Area Dial Service), plus
Data-Phone and Dataspeed sets for business ma-
chines and teletypes to use telephone lines.

Certain systems vendors, including Western Union,
have petitioned FFCC to reconsider some of these new
AT&T special services as commercially detrimental
to systems vendors, other common carriers, and
future private system users. Most AT&T new spe-
cial services and rates continue. FCC has ruled
against the proposed WADS tariff and still is con-
sidering WATS and Telpak.

Market Depends on FCC Decision

Though the future of the industrial microwave
market depends in part upon an FCC decision, this
market has slowed down considerably since the
1950°s. AT&T’s special rates seem to have stopped
certain future industry users from going into private
nmicrowave systems.

The Federal Government, particularly the DOD,
was the original user and today remains the biggest
user of microwave systems. Although we here put

ELECTRONIC INDUSTRIES + November 1963
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“The US. Gov. micrewave market may be greatly expanded in
the arcas of space probes and communications in outer space.”

: - ‘Common carriers, especially Western Union, which

‘ > : is building a 6,800 - mile system, buy about one
: - . 9 fourth of all known microwave hardwarc output.
| o= A . : . g rin. . This could jump to about $1.5 billion by 1965.”
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e e N “Some 450 hardware, comporent and instrument

3 ol ry firms, such as PRD Electronics, Inc., make up the
o A 2 US. Microwave industry. Sources estimate the
\1,1;: 1965 microwave market from $2.6 to $5 billion.”
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MINIATURE
PLUGS
AND JACKS
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Designed for
printed circuit use!

///////////

kv
Horizontal Jack ac- !
cepts tip plug in
either end or from
top or bottom.

i

/

/

Operating voltages to 1500 V RMS...up to
5 amps current carrying capacity!

Extremely compact — highly resistant to extremes of
shock, vibration, temperature and moisture, these
tiny Johnson Tip Plugs and Jacks are ideal for limited
space applications! Bodies molded of tough, low-loss
plastic per MIL-P-17091. Available in 10 colors,
including basic colors for MS16108C coding appli-
cations. Contact resistance: less than 2 milliohms.
Capacitance between two adjacent jacks: less than
1 mmf. at 1 Mc.

Series 105-751 Horizontal Jack — Unique design accepts
.080” diameter tip plug in either end, or from top or bottom.
Formed silver-plated beryllium copper contact. 2 terminals.

Series 105-851 Vertical Jack — Mounts through single
.052” hole, requires minimum mounting area. Silver-plated,
machined beryllium copper contact.

Series 105-771 Sub-Miniature Tip Plug — For use with
miniature jack. .080” diameter tip. Nickel-plated, machined
brass body. Solder type lead connection.

Series 105-881 Long Handle Tip Plug — Ideniical to tip
plug above, but with 4” molded plastic body for ready
access to “hard to reach” test points.

Components Catalog Available—Write today on company letterhead!

,i 3007 TENTH AVE. S.W. « WASECA, MINN.
®

CAPACITORS o TUBE SOCKETS ¢ CONNECTORS

PILOT LIGHTS » INSULATORS  KNOBS AND
DIALS » INDUCTORS » HARDWARE

Other Connectors — Johnson also
manufactures standard connectors in-
cluding Tip Plugs and Jacks; Metal-
Clad and Rapid-Mount Jacks; Banana
Plugs and Jacks; Binding Post. Volt-
age breakdowns to 12,500 volts DC.
Jacks designed for fast. easy mount-
ing — plugs for solderless connection.
Current catalog provides full specifi-
cations on complete line.

E.F.JOHNSON CO.
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its share of the hardware market at 15%, this figure
should be larger when the bill for leased microwave
lines and defense contractor services is added.

Some microwave vendors do not appreciate that
most broad and basic defense and non-defense micro-
wave and other systems already have been installed.
Now, both DOD and non-defense Government
agencies are consolidating, modifying and sophisti-
cating facilities.

In September 1963 President Kennedy ordered all
Federal communications operations to combine into
the centrally-controlled National Communications
System. Included will be microwave links, mobile
facilities, underground units, plus duplicate (often
hardened) circuits to survive nuclear attack or other
emergency. Most facilities are leased from common
carriers, while some are Government-owned.

Future markets for microwave equipment will
develop as the system is refined and augmented by a
presidential aid for telecommunications. Western
Union recently set up a department for government
communications systems. This group will concen-
trate in nation-wide and world-wide systems, using
all known methods of radio communication plus
broader use of engineer and technical aid.

Military Communications Merged

In May 1960 the single-manager authority over
communications systems of the three armed services
was transformed into the Defense Communications
Agency, under DOD. At the same time, the Defense
Communications  System
DCA. This merged all military world-wide long

was established, under
haul, point-to-point circuitry currently owned, oper-
ated or leased. Today 25% of DCS facilities use
microwave radio to transfer data, voice, teletype or
keying signals.

Each armed service plans, funds, procures, and
maintains its own facilities. Since microwave sys-

tems are used chiefly to extend long haul point-to-

MICROWAVE SPENDING—HOW MUCH?

Total dollars spent in any year on microwave
components, hardware and systems depend largely
on what is included under the microwave label,

) Arthur D. Little, Inc., puts the 1960 microwave
expenditures for microwave equipment for govern-
ment, industry and commerce at $1.6 billion with
a forecast of $2.6 billion for 1965.

\ Stanford Research Institute, on the other hand,
clocked a similar $1.5 billion for 1960 to the same
buyers—but pushed the 1965 estimate up to a
top-shelf $5 billion. ‘

Electronic Industries feels that the 1965 total ‘
will be somewhere in between—say around $4 bil-

‘ lion. Our estimate for 1963 sales in microwave
gear is already more than $2 billion.

ELECTRONIC INDUSTRIES -« November 1963




“Sources estimate that export
and overseas market totals
for microwave products now
account for about 40%

of the total U.S. output.
The export market for 1965
could be around $2 billion.”

point circuits, all gear must meet DCS standards to
become an integral part of the global system. Major
equipment manufacturers who furnished such gear
include Western Electric, RCA, Philco, l.enkurt
and Collins.

In the U. S.. Canada. and Great Britain nearly all
DCS microwave systems are leased from commer-
lilsewhere in the world, such equip-
ment is owned by military services and may be oper-

cial sources.

ated by them or by a private firm.

There’s just so much geography to be covered by
microwaves : DC:\ pretty much covers it. At first, the
military used fixed microwave radio for short-dis-
tances. [.ater came microwave transfer of radar in-
formation from distant sites to base camps.

Originally, microwave was used chiefly for air
defense, tactical direction, and communications areas.
This was mostly where considered undesirable for
military, terrain or technical reasons to lay ground
cable, install pole lines, or use high-frequency radio.

Microwave Radio Refined

Early microwave systems were limited in band-
width. In recent years, microwave radio has been
refined to provide high-power multi-channel capa-
bilities with low-noise and high-stability.

Some military systems, such as BMLEWS: Ballis-
tic Missile Early Warning System, rearward com-
munications, use a microwave system over 2,500 path
miles, mostly over nearly impassable far northern
terrain.  But, the days of new, big defense project-
like BMEWS, White Alice, Dew Line seem over.

ELECTRONIC INDUSTRIES -+ November 1963

Most of these systems already are installed, and new
areas are being explored out in space.
Although microwaves originated as a 100% <le-

iense, 100% domestic business—narrowing defense
and commereial-industrial markets at home encour-
age microwave parts and systems vendors to move
into more virgin, more profitable markets overseas.
Close scrutiny reveals Government sponsorship of
DOD conducts the
FForeign Military Assistance Program; Department
of Commerce Bureau of International Commerce
fosters export expansion; NASA cooperates in

foreign microwaves business.

foreign aerospace programs, and the State Depart-
nlent Sponsors overseas projects.

Newly emerging or reviving nations in Africa,
Asia and South America, are bypassing telephone
and telegraph poles with modern microwave systems.
Even mature nations, such as England and France,
use microwave links extensively.

Military Markets Abroad

Various overseas military markets exist. Under a
U. S. Air Force Military Assistance Pact, ITT Fed-
eral Laboratories is building a line-of-sight and
tropospheric scatter microwave system to serve the
Republic of Korea Air Force.

Microwaves unite North Atlantic Treaty Organi-
zation members from the Arctic Circle to Turkey.
DCA has six regional control centers: the Philip-
pines, Japan, Labrador, England, Spain and Turkey.

Views of growing overseas microwave markets are
cited by two West Coast executives. William R.
Hewlett, executive vice president, Flewlett-Packard
Co., says, “IFor the past five years our sales in
Europe have annually grown about two-and-a-halt
times faster than in the U .S.—about 46% in Europe,
compared with 18% to 20% in the U. S.” He at-
tributes this growth to a rapidly expanding lZuropean

(Contimited on page 65)
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1-KW/ft.:

The CAPITRON* power supply packs it in .
power to spare in minimum space—500 watts per

half cubic foot . . . a kilowatt per cubic foot . . .
closely regulated and reliable!

This specially designed transistorized computer
power supply goes a long way toward solving pack-
aging density problems in new, miniaturized design
requirements and it's built to go for a long time.

For absolute minimum cube, close regulation to help
maintain computer accuracy . . . for long life and
extreme reliability . . . check these features .. . see
how easily they fit your design plans:

DESIGN FEATURES: ¢ High power in small space
e Protected against short circuits o Close regulation
over full load range e Integral pancake type fan
cooled e Output adjustable to +1.5 volts tolerance
e Protected against input overvoltage ¢ Easily
accessible electrical connections e Fast recovery
from load surges over full load range ¢ Remote
sensing to control output at the load ¢ Output volt-

CAPITRON* POWER SUPPLY

age and current can be varied over a range of
200% within the same size package if output
power is held constant.
PERFORMANCE SPECIFICATIONS:

¢ Input—95to 130 V AC, 1@, 60 + 3 cps
e Outputs—

+20 V DC at 10 amperes, 1% Ripple P to P

—20 V DC at 20 amperes, 19 Ripple P to P

+ 171, V DC at 5 amperes, 5% Ripple P to P
® Regulation—Better than 19 from 0 to 100%
load variation and 95 to 130 V input e Ambient
Temperature—15°C min, to 38°C max. e Size—
715" Hx 714" W x 14" L ® Duty Cycle—Continuous

A M P CAPITRON

I
i
|INCORPORATED DIVISION ‘
i

L155 PARK STREET, ELIZABETHTOWN, PA.J

*Trademark of AMP INCORPORATED
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AMP products and engineering assistance are
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market for electronic instruments, plus H-P’s sales
efforts abroad since early 1959.

William E. Roberts, president, Ampex Corp..
forecasts that although the U. S. now is the biggest
market for microwave components, lurope will be-
come the biggest market within 10 years.

Other activities by U. S. and foreign microwave
vendors foretell a two-way world microwaves mar-
ket. European and Japanese firms, chiefly, export
to and buy components and systems from the U. S.
C.S.F., a group of French firms specializing in Car-
cinotrons and other microwave tubes, sells these
often-classified components to authorized buyers in
the U. S. Last summer, Associated Electrical Indus-
tries, Ltd., of England, sent a specialist microwave
engineer to the U. S. to promote sales of microwave
components and assemblies.

Cooperate with Foreign Firms

Some U. S. firms run factories abroad and co-
operate with foreign firms in joint ventures. They
serve as licensees making foreign products. export
through agents, or participate in special U. S. Gov-
ernment projects to stimulate overseas husiness.

Back home there are four areas of great interest
in R&D and applications, judging by the coming
May 1964 International Symposium of 1EEI's Pro-
fessional Group of Microwave Theory and Tech-
niques. The areas are: (1) Lasers, stressing micro-
wave-analogous aspects; (2) IHigh-power  tech-
niques; (3) Millimeter and sub-nillimeter wave
techniques and components; (4) Solid state devices.

Domestic microwave business is becoming more
competitive and defense procurement is getting less
profitable. The emphasis is shifting from technology
and production to management and marketing. Front
offices are becoming more important as waveguides

directing corporate destinies— and profits.  Some

MICROWAVE DOLLARS IN INDUSTRY

Microwave components spending in industry for
1962 can be put roughly around $150 million, give
or take a few. This includes components for indus-
trial communications, telemetry, test instruments,
and air and marine radar.

Peripheral parts and equipment would, of course,
raise the total considerably, depending on how
they are classified.

A mean average from various sources puts the
1962 figures thus:

COMMUNICATIONS EQUIPMENT $76,000,000

TELEMETRY 36,000,000
TEST INSTRUMENTS 27,000,000
AVIATION RADAR 14,000,000
MARINE RADAR 4,000,000

We expect the 1963 microwave total expendi-
tures for U.S. industry to better $200 million.

ELECTRONIC INDUSTRIES + November 1963

firms ultimately may be forced to see that if they
can't compete, or should not compete, in the defense
business, they can quit or get into industrial-com-

mercial, or foreign markets.

Indicative of the management-technology relation-
ship, Varian Associates, Microwave Tube Group re-
cently made a big decision. Instead of pushing for
“major breakthroughs” with Government funds,
Varian decided to invest company funds “aimed at
less glamorous goals, such as increased tube relia-
bility.”

Mergers Speeding Up

Stronger competition and tightening DOD pro-
curement patterns are speeding-up company mergers.
“This is happening, contrary to the opinion expressed
last year by microwave pioneer Dr. Wilmer L. Bar-
row that “it would seem the microwave industry can
support an exponentially increasing number of com-
panies.” Makers of components and test equipment,
particularly, continue to merge or be merged. Singer
Metrics Div. of The Singer Mfg. Co., amply funded
and astutely managed, within a few months ab-
sorbed Panoramic, Sensitive Research Instrument,
and Empire Devices to become strong in electronic
test and measuring equipment and microwave de-
vices.

Microwave firms, growing by merger or expansion
into new domestic and foreign markets, keep broad-
ening their distribution channels.

At the same tinie a number of companies, recog-
nizing the growing importance of sophisticated and
centralized technical and procurement aspects of
Government markets, are opening special offices in
\Vashington.

As Defense Secretary McNamara tightens up pro-
curement practices, firms tighten up management and
Cost-cutting or profit-improve-
ment programs are under way in many firms. Today,

financial controls.

while engineers review customers’ technical needs,
the relatively newest man on the corporate team is
the controller who checks on credit ratings of buyers
to help cut down or cut out poor credit risks.

Yet optimists cite encouraging trends. They feel
certain small microwave firms can thrive as custom
suppliers, with high special capabilities matched by
low overhead. Such firms perform an economic func-
tion, making those products big firms often cannot
produce profitably.

Strong finances and management-marketing talent
are vital for microwave companies. Such resources
should help these firms wait out the FCC decision
on industrial microwaves, provide sophisticated tech-
nology and services sought by DOD and NASA.
They should help to capture new domestic markets,
and broaden into international markets.
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HIGHEST ACCURACY IN COAXIAL
CABLE FABRICATION

IIELAY LINES

B Fabricating delay lines that possess the superior per-
formance abilities of Phelps Dodge Electronics aluminum
sheathed, air dielectric coaxial cable is a currently avail-
able capability. Only Styroflex® Helical Membrane,
Foamflex, Spirafil and Corr-O-Foam cables possess the
unique construction characteristics which allow shaping
into custom configurations without electrical or mechani-
cal distortion.

Delay accuracy standards in the order of .02 nano-
seconds are consistently and uniformly met. Frequencies

from 60 C to 12 KMC, power from one milliwatt to many
kilowatts, impedances of 50, 70, 75, 100, 125 ohms are
parameters. Packaging options include containers, rack
mounting, strapping, potting and encapsulation.

Reduction of delay line size, increase in reliability, and
extension of delay accuracy standards are the goals of
every assignment. Whenever high-frequency performance
standards are critical, look to the pure-bred components
and systems communications experience of Phelps Dodge
Electronics.

A 6 diameter cable delay line
package used in a nuclear appli-
cation was replaced by this

Broader band operation, attenua-
tion stability at higher ambient
temperatures, lower attenuation
per nanosecond of delay, and

of 1500’ of 14" diam-
eter, 50 ohm Foamflex, this delay
package incorporates 9 individual
delay lines. Excellent stability and

Designed for use in missile check- Consistin
out equipment, this delay line
consists of 285’ of 34" diameter,

50 ohm Foamflex. The small,

reater stability at microwave
requencies are established fac-
tors. Note uniform cable spacing.

PHELIS IBEBIREE

Phelps Dodge Electronics enve-
lope measuring only 26” x 15" x
127, 500’ of 4" 50 ohm Styroflex®
coaxial cable was used.

lightweight package is 16" in
diameter by 6” high. Delay accu-
racy tests to =*+.1 nanosecond.

high accuracy are offered in unit
used for ground testing aircraft
radar altimeters.

ELECTRONIC PRODUCTS CORPORATION

60 DODGE AVENUE -
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Parts illustrated approximately actual size.
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1900):)3 GLAZED ALUMINA SUBSTRATES

On substrates for thin film deposition,
minute voids, bubbles or scratches can
create major problems. Great emphasis
must be placed on continuity and
smoothness of surface. Moderate waves
in the surface, if gradual, do not usually
create problems.

NOW—A MATCHED GLAZE

Many thin film requirements can now be
answered by glazed alumina substrates
in AlSiMag 614. AlSiMag pioneered thin,
flat alumina ceramic substrates produced
by the exclusive AlSiBase® process. Now
AlSiMag has developed o Glaze 743
which so accurately matches AlSiMag 614
that these properties were obtained:

1. Thermal shock—no visible defects
after:

a. Room temperature (23° C.) to
liquid nitrogen (-210° C.).

b. Five continuous cycles of
immersion in boiling water

(100°C.) and ice water (0°C.),

American Lava Corporation

PHONE 265-3411, CHATTANOOGA 35,

TENN.

transferred directly from one
bath to another with a 10-
minute soak in each bath.

. Glaze softening temperature—ap:
proximately 725° C.

. Surface finish of glaze—1.0 micro-
inch (CLA) maximum.

MULTI-HOLE OR SERRATED PATTERNS

This AlSiMag glozed ceramic can be
supplied with patterns of holes. Notches
or serrations on the perimeter are also
feasible. Dimensional control is excel-
lent. There is wide latitude in sizes and
exterior shape. Quantity production is
now available within a practical cost
range.

PHYSICAL CHARACTERISTICS

This AlSiMag glazed substrate provides
excellent electrical insulation character-
istics in minimum space. The alumina
gives excellent mechanical strength and
high thermal conductivity. Such sub-

A SUBSIDIARY OF

strates are stable both mechanically and
electrically over a wide range of tem-
peratures.

PREFERRED SIZES

These substrates are custom made for
your requirements. The wide and rapidly
increasing use of these substrates has
suggested some preferred sizes which
often speed deliveries especially on pro-
totype quantities. Preferred thicknesses
have been established as .025'" for the
unglazed and unground substrate and
as .030" for the glazed substrate.

UNGLAZED SUBSTRATES

The “'as fired"’ finish of unglazed AlSiMag
substrates has proved highly satisfactory
in @ wide range of applications and
continues to be produced in volume for
these less critical applications.

PROTOTYPES

Data sheets giving preferred sizes will
be sent when requested on your busi-
ness letterhead.

pp———

62nd

C
OMPANY YEAR

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Co. in these cities (see 0F

your local telephone directory): Boston: Needham Heights, Mass. ®
Birmingham, Mich. ® Laurens, S. C. ® Los Angeles, Cal. ® Minneapolis,
Up-State New York: Newark, N. Y. ¢ Philadelphia, Pennsylvania ® Richardson, Texas ® South San Francisco, California
All export except Canada: Minnesota Mining and Manufacturing Co.,
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Chicago: Bedford Park, lilinois
Minn. ® Metropolitan New York: Ridgefield, N. J.

e (Cleveland, Ohio CERAMIC

LEADERSHIP

International Division, 99 Park Ave., New York, N. Y.




“A-OK”

FOR PPM-FOCUSING

OF TWT's ...

ALNICO VIII from ARNOLD

For periodic permanent magnet fo-
cusing of traveling wave tubes,
Arnold offers you Alnico VIII rings
in the finishes you require, as illus-
trated below, and in sizes as small
as %" diameter or less, weighing a
fraction of an ounce.

They’re characterized by highly
uniform magnetic properties from
front to back and from piece to piece.
You’re assured of more constant flux
density and more uniform field pat-
terns from end to end of the stack
required to accomplish the needs of
your structure. 4

Use Arnold Alnico VIII for its high

68 -
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coercive force (in excess of 1400
oersteds if required), for relatively
high energy product, and for lowest
temperature coefficient (you can
eliminate temperature-compensating
elements and hold down TWT size).
It’s available from Arnold in produc-
tion quantities, and in various shapes
and sizes to meet your requirements.

Also use Alnico VIII for other
microwave applications, such as
tubular-type straight field focusing
magnets, and in backward wave os-
cillators, etc. In addition, Alnico

. :VIH is your logical choice where

length is a premium, or where strong

demagnetizing fields are encountered
—such as in two-pole rotors, motors,
generators, and torque transmission
through an air gap.

® Let us help you engineer it to your
needs. For more information, ask
for Bulletin PM-119. The Arnold
Engineering Company, Marengo,
Hlinois.

ADDRESS DEPT. EI-1

LARNOLD

ELECTRONIC INDUSTRIES -

BRANCH OFFCES and REPRESENTATIVES in PRINCIPAL CITIES
Find them FAST in the YELLOW PAGES
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The Office of the Secretary of Defense is exercis-
ing decisive influence in source selection. The
Services, the Joint Chiefs of Staff, the Congress
and the White House find their influence chan-
neled through new canals marked “cost effec-
tiveness,” and ‘‘performance evaluation.”” The
prominence and success of OSD has profound
meaning to everyone involved in system design
and selection both in Government and industry.

A SHIFT IN AUTHORITY IN PROCUREMENT

rROCESS has become evident to the defense com-

THE

munity and to Congress. This shift has been away
from the military services to the Office of the
Secretary of Defense (OSD). Evidence of this shift
includes the McNamara reversal of the service rec-
ommendation on TEFX and V/STOL. the O5SD
cancellation of Skybolt, the imminent termination of
RS-70, the OSD reduction in Navy attack carriers.
and failure to implement the Army-approved Howze
report.

Direct involvement of the DDR&E in R&D
some programs has gone far heyond “a friend of the
court” or staff advisor. It has assumed instead the
form of line dircction. The Secretary of Defense has
explained that this is the natural function of his job.
e and his staff are directing the defense effort.
There is evidence that the move toward centraliza-
tion will continue. Implications of this move are dis-

cussed in this article.

Five-Year Forecasts

Asst. Scey. (Comptroller) Charles | Hitch re
quires the services to submit a full 5-year funding
forecast with each new program. These prograns
are reviewed for cost effectiveness by Mr. Hitel's
Deputy Alain Enthoven. They are also reviewed for
technical soundness by Director of Defense Research
and Engineering (DDR&E) Harold Brown's staif.
Since requests for funds from the Services exceed the
supply (a eritical figure established by Secy. Mec-
Namara on unknown criteria), decisions must he
made by the Seeretary. The alternative to this cen-
tralized approach was used during the ILisenhower
Administration. Each service was told its budget in
advance, so most program decisions were made be-
fore they reached OSD. Now. a defense contractor
or government project manager must sell not only

ELECTRONIC INDUSTRIES « November 1963

NEW SHIFT

IN PURCHASING
TO AFFECT
INDUSTRY

the Service line of command, but also OSD. This
must be done on a continuing basis since programs
stay under a dynamic review, one against the other.

The 5-year forecast also forces the Service. OSD.
and defense supplier to smoke out real costs. Despite
the rise in expenditures, fewer programs have begun
and fewer will begin, hecause each is shown by such
projection to be miore costly. Thus, defense sup-
pliers will have to bear a greater share of major
systemn exploratory R & D) costs. The threat implicit
in this “reasonable approach to the problem” is
hecoming clearer. DOD has failed to start any major
R & D program (other than the C-141 and Sprint)
hased on cefforts begun in the last two years. It has
heen living on R & D stored up in the past. a de-
pleting reserve.

Implicit in the mission analysis required of OSD's
cost effectiveness are two important additional deci-
sions affecting weapon system selection. The first is
the service's role and missions. The second is the cri-
teria for measuring effectiveness. While designing the
model of a war, governing assumptions are made :
war objectives: duties and supporting resources
available to the level of each command: probable
opponent response, ctc. Also added are criteria like:
cost in the air or space per lb./hour, etc. Since
criteria selection is usually the key to the result. those
who do the analysis tend to be those who select the
program. If the same people must also asswme the

By CHARLES W. IRVEN

Lecturer in Market Analysis and Control
University of Southern California
Los Angeles, California
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SHIFT IN PURCHASING (Continued)
e =

objectives of the war (lacking policy guidance from
Congress or the State Dept.). then by choosing
weapons, they tend also to set the restraints on
foreign policy.

Methods of Procurement

OSD, sparked by Secy. MeNamara and forner
Asst. Secy. of Defense, John Rubel, began the intense
study of procurement methods. This is resulting in a
centralization in decision on such contract questions
as: proper type by program (Incentive and Program
Definition Contract originate from this cffort) ; con-
tract reporting system (PERT cost and new internal
govt. programs review procedures) and shortly an
OSD and a source selection board review of past
contract performance to find probable future per-
formance.

A mnational contractor performarnce history main-
tained by OSD will soon be completed. Tt will be
used both by the services and OSD to evaluate rec.
ommendations of the source selection hoards. \{ this
tnie there is no intention to create a ranked nuni-
bered merit-rating. nor an OSD source selection

Cancellation of the Skybolt missile program by thc Office of
the Secretary of Defense cerves to call attention to the shift

=
o ‘

hoard pre-empting all service decisions, as suggested
by Mr. Rubel before his departure. But the availa-
hility of past periormance history may encourage
more moves in this direction.

The centralization in operation of DOD is having
a profound effect on many other governmental insti-
tutions tnvolved in the creation and operation of the
defense eflort.

Implications to The Congress

Congress may continue to surrender its preroga-
tves to the exccutive in the manner now familiar in
the RS-70 and TEFX cases.
his Committee on military “pork barrels,” arsenals.

Mr. Vinson will focus

hospitals, reserve forces, the National Guard and
military pay. rather than decisive military system
selection. The House Appropriation Committee will
continue its practice of cutting the Defense Budget
nominally. But it will, at the request of the Secy. of
Defense, restore in Supplemental Appropriations
most or all of what was “cut.” The Senate counter-
parts will gencrally add a hit to the House Appro-
priation Commitice and investigate alleged abnor-
malities or inequities in procurement procedures, hut
do nothing. Congress will, by default. force the Secy.
of Defense to muke decisions usually without clear

in authority in the procurement process. Two Douglas Skybolt
ballistic missiles are shown mounted on the Boeing B-52H bomber.




481L. A self-healing system for
post-attack recovery and re-
establishment of command
structure in case of direct
nuclear bombardment.

It’'s MITRE’s job to design such a
system and make sure it works.

It's just one of MITRE’s jobs.
Among others are the
development of a new aerospace
communications system, a
nuclear detection and reporting
system, a hardened undergrourd
command post for NORAD,

and a system to help end mid-air
collisions.

MITRE needs men for this work.
1t is probably the most
challenging work of its kind in the
field of military command
technology.

MITRE is located in Bedford,
Mass., a country town 25 minutes
from Boston, one hour frcm the
White Mourtains, a half-hour
from the ocean.

Engineers and scientists —
preferably with advanced degrees

and at least five years’ experience
in electronics, mathematics or
physics — write Vice President,
Technical Operations, The MITRE
Corporation, Box 208 AN,
Bedford, Mass. Openings are also
available in Washington, D.C. and
Colorado Springs, Colorado,

THE

MI'TRE

CORPORATION
An Equal Opportunity Employer

Pioneer in the design and development of command and control systems, MITRE was chartered in 1958 to serve only the
United States Government. The independent nonprofit firm is technical advisor and system engineer for the Air Force Elec-
tronic Systems Division and also serves the Federal Aviation Agency and the Department of Defense.
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When you make a good inverter. ..

If you're looking for one of the most complete lines
of static inverters for military and industrial appli-
cations, you’ll find it at Hamilton Standard.

From models in production, you ean mix a limitless
combination of characteristics to match your appli-
cation—perfectly.

The variables: output rating (from 25 va to 10
Kva), number of phases, wave form, conversion

ELECTRONICS DEPARTMENT

it's hard to stop.

efficiency, operating temperature range (—55°C to
+125°C), size, weight, design life, vibration (10 to
9,000 cps at 30 Gs), overload protection, operating
shock performance (10 to 400 Gs).

We’d be glad to send a representative list (complete
with specifications) of our static power conversion
equipment. Write: Electronics Department, Hamilton
Standard, Broad Brook, Connecticut.

Hamilton Standard ovsoso gn commoraTION

BROAD BROOK, CONNECTICUT
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SHIFT IN PURCHASING (Concluded)

guidelines. \While the demise of parliamentary gov-
ernment effectiveness in dealing with the defense
problem is viewed as dangerous by many, it is still
real. Already government officials do not seek to
brief Congress. They are asked to do so.

Implications to White House & State Dept.

The centralization process will probably have the
opposite effect on the White House, by strengthening
the President’s real, rather than nominal authority
in defense affairs. Secy. McNamara has built a cen-
tral staff machine, which has toned down, or in some
Fearful of nuclear
escallation, he has removed the nuclear option fromi
theatre commanders. It has been concentrated solely
in the hands of the chief executive. He has supported
the President’s efforts for disarmament by absorbing
first, civil defense, and now genuine disarmament

cases silenced, service dissent.

projects like Project Cloud Gap, funded through
ARPA. The Secretary seems to have put himself in
close working harmony with the President, although
the Secretary seems to dominate the relationship.
Should he retire, many believe the replacement will
he a weaker man who will be more willing to use
DOD to support the President’s internal political
objectives.

The close relationship between the President and
the State Dept. in defense affairs is changing. We
hiave probably passed into a period where weapons
and technology determine policy rather than the
reverse, an odd paradox. The State Dept. has not
caught on to the new game of cost effectiveness and
in the short term will not.

MICROWAVES FOR THE U.S. GOVERNMENT

The U.S. Government in 1962 spent about $1.8
billion for all radar equipment. This figure includes
systems used in the air, in space, on land and
sea, for both the armed forces and civil agencies.

Radar totals are:

Aerospace $1,410,000,000
Aviation $170 M
Missiles $1,180 M
Space $60 M
Sea 80,000,000
Defense, Detection 105,000,000

Armed Services Command and
Civil Agencies 150,000,000
~ The U.S. Government's share of microwave buy-
ing in 1963 should be around $2 billion, according
to an Electronic Industries estimate.
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Implications to the Services

Implications to the services are already visible, but
not complete. Procurement will be separated from
military operations with increased authority. Pro-
curement activity will be built on strong major proj-
ect organizations. In this developing pattern, the
Air Force is the model. In niaking the necessary
changes, the Army is about two years down the line
and the Navy is just beginning. The services will con-
tinue to award contracts but under increased re-
straint and restriction. Service criticism will be kept
in the context of the new DOD methods, as the old
channels for protest, the press and the Congress,
dry up. Accent will be on young officers, inexperi-
enced in war but “well educated,” who can adapt to
the new environment.

Implications to Industry

Implications to industry are very important, espe-
cially to those who fail to get the message. OSD
lias emerged as a prime customer and must be satis-
fied if programs are to be sold. OSD will require
5-year program cost forecasts, cost effectiveness of
the proposed system against alternatives and docu-
mented evidence of a contractor’s contractual per-
formance history. OSD will want this information
1o flow up through the services, but it will usually be
put together originally by the prime contractor. Since
OSD has become so important to the contractor, it
will take on special trappings. Field officers will have
OSD reps who understand the language. Cost effec-
tiveness departments will emerge as distinct func-
tional organizations. Contract groups studying past
promises against actual performance will emerge.
And all these will be superimposed on the existing
marketing/design organizations as needed.

Finally, centralization will increase the importance
and burden of top management. It will demand
better knowledge, preparation, and understanding.
The Vice President of this or that will be required
to present the company's story to new high ranking
military and civilians now involved in the system
selection process. Conversely, many middle and
lower management marketing positions will wither
away for lack of responsibility unless they train
themselves to serve the new requirements. Thus,
there will be a tendency for customer contact opera-
tions to centralize to meet the centralized buyer.

The changes introduced by Mr. McNamara are
usually well thought through, based on a reasonably
coherent vision of the job of the Secretary and his
staff. They are likely to survive many years.

@ A REPRINT of this article is available from
ELECTRONIC INDUSTRIES Reader Service Department
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WORLD-WIDE
ACCEPTANCE of
STC MICROWAVE

TUBES

New tube development continues

STC have been leaders in the design and
production of microwave communications for many
years. Microwave tube development and production
programmes have resulted in: improved gain, lower
noise factor, higher synchronous saturated output
level and phase modulation distortion, together with
a high degree of reliability and simplicity of operation.

&

o
.2

W7/4G and PPM mount 495-LVA-101A. .

W5/1G and PPM mount 495-LVA-1058. -

S-band

For the communication frequencies of this band 3.6

C-band

Travelling wave tube type W5/1G has an established
reputation in microwave link repeaters operating at about 5.0W
output level in the 6.0 Ge/s band. A modified tube type W4/1G
can be used in the same periodic permanent magnet mount as
the W5/1G to cover the upper frequencies of this band (7.0 to
7.8 Gcefs). Type W5/2G has been especially designed for 1 8oo
channel link systems and is intended for operation with a 10
to 15W output.

ABRIDGED DATA

to 4.2 Gcfs) there are two STC travelling wave tubes: X
'7/3G perfe has b di ional Tube Mount Connexion | “Ranee”’ | SBeiput | Sain | Moine
‘ Ty;.)e\/\ 7/3.(, performance as been proved in na.uona Type Type W, Fanae A wb) | Faclo
and international microwave systems in fourteen countrics.
. . . . . . W41G | AsforWs16 | Asforws/iG | 7.0t07.8 8to11  |37tod0] 26
Type W7/4G is a higher gain version of the W 7/3G.
. . : o e ] W5 16 | 1495-LVA-1058 UGas/u | s8st07.2 8to11 [astoze| 26
.It 1s provided .w1th a pe I‘lO(ll(E pe rmz'mcnt magnet mou'm. which I ’495-LVA-105C T
incorporates simple mechanical adjustments for obtaining the 495-LVA-105D UG344 U
very best performance from any tube of this type.
. 5.925 to
ABRIDGED DATA W526 | 495LVA-1078 | UG344U gont 16 37041 | 27
; 5985 wM108 uGst u 7.010 85 8to11 36 2%
Tube Mount RF Frequency | Sync, Sat. | gain | Noise L
C R Output Fact
WD e | (WG, Flange) | (6c's) o e
W736 | 495-LVA-104 12A° 36104.2 81010 28 27
W7/4G | 495-LVA-101A 124° 3.6104.2 10 2 27 o
r x for leafl
*Transition pieces {0 WR 229 available. W”te' phone 2 Te/e fO /eaf et
VALVE DIVISION
(@7 ) .
@ Srandard Telophores and Cables Limired
d> FOOTSCRAY SIDCUP KENT
6313MS ITT
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Circuit changes, replacements or repairs . . . all these can
be done faster with this new AMP-TAB* Printed Circuit
Connector and you need never take the connector off
the board!

In this connector, easy hand insertion of tab terminals
puts large-surface, formed tabs in touch with pre-inserted
contacts. A metal to metal snap-lock device holds the tab
securely in place, a simple extraction tool gets them out
. .. just that quick! This means contacts last longer and
blocks are not subjected to high insertion and extraction
forces which may cause block damage.

You get other benefits too! Maximum density througt
design centers of .100, .125 and .156 inches. Common-
ing, built-in, for dual read-out and circuit redundancy.
And spring values that maintain constant and uniform
pressures on circuit paths.

All this is what's different but, you still get otner pre-
mium AMP-line features. Contacts and tabs of phos-
bronze base material with standard gold over nickel
plating. Our reliable “'F'* crimp for maximum conduc-
tivity, near-wire tensile strength and built-in insulation
support. And . . . automatic application of leads to tabs

ELECTRONIC INDUSTRIES « November 1963

for quick change artists

at rates of up to 3,000 per hour for the lowest possible
applied cost anywhere.

There's more!
inter-contact keying plugs

anti-flashover egg-crating insulates each terminal.
Sleeving unnecessary

dimensions and performance conform to MIL-C-21097
available in 10, 15, 18, 22, 31, 41 and 43 positions for
wire ranges—#18 AWG thru #26 AWG

And, there's still more! Just send today for the complete
story on our new AMP-TAB Connector for Printed Circuits.
# Trademark of AMP INCORPORATED

INDUSTRIAL

SALES
INCORPORATED | [ysion

Harrisburg, Pennsylvania

AMP and eng ng ave available through y in; Australia
e Camada ® England e France © Holland ® ftaly ® Japan & Mexico ® west Germany
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CHEGKMATE!

... all your microwave

problems with@

SUPERIOR PERFORMANCE

MICROWAVE

COMPONENTS

AEL LEADS THE INDUSTRY WITH ONE OF
THE MOST EXTENSIVE LINES OF HIGH QUALITY
MICROWAVE COMPONENTS AND EQUIPMENT

Shown at right are just a few examples of

AEL's microwave product lines. But,

don't stop here . . . get the complete story on all of
AEL's microwave components.

WRITE FOR Builetin #10-1 which describes
AEL’s microwave product lines.

=

Amerlcan I:lecironic

Laboraiories, Inc.

P. 0. BOX 552C, LANSDALE, PA. 19446
(215) 822-2929
suburban Philadelphia
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DETECTOR
MOUNTS

AEL teads all others .
with the most com- o

plete line of quality d"l-um"ii
detector mounts in

the microwave field.

High sensnhvny

mounts from stock .

50 mc to 110 Gc —

Custom designs in 4

weeks,

BROADBAND ANTENNAS

Virtually every
type and size...
from 4.inch coni-
cal helices to 180-
foot log periodic
monopoles. Exten-
sive line of stock
models. Custom
designs to your
requirements.

CHECK | MATE!

(YOUR PROBLEMS) | (YOUR NEEDS)

WITH T0

<=

PRODUCTS

TWT POWER AMPLIFIERS

Extremely broadband — 2-16 Gc and 10-
20 Gc with one watt output over most
of the band. Periodic permanent magnet
focusing on all tubes. CW, pulsed, or
AM modulated operation,

HYBRID COUPLERS

For the first time — anywhere — single
3 db hybrid coupler covers 5:1 band (4
models 0.1 Gc — 5.0 Gc). Eliminates
need for intermediate couplers. Maxi-
mum insertion loss — 0.1 db.

SOLID STATE
CRYSTAL SWITCHES

The largest, most varied line in the in-
dustry. Insertion loss as low as 0.1 db;
isolation as high as 150 db. Frequency
range from 1 mc to 35 Gc. High power
— 1o 10 kw. Crystal switch drivers.

VARACTOR DIODES

Superior to all others.
Highest cutoff frequency
— 300 Gc at -6 Volits.

VIDEO DIODES

Highest sensitivity. Rug.
gedized construction. Cov-
erage from 50 mc to 40
Gc. Available — hermeti-
cally sealed with reverse
polarity.

WAVEGUIDE AND
COAXIAL FILTERS

A broad line of cus-

tom designed rf fil- 4
ters from 50 mc to 4
110 Gc. Superior
skirt selectivity,
Lower pass band in-
sertion loss. Rug-
gedized.

HARMONIC GENERATORS

Feature low conversion loss. Custom
tailored to your requirements. Available
as separate units, or may be packaged
with other AEL components to provide
SOII'd -state signal sources. Short delivery
cycle.

e Customized video and
RF amplifiers

® Parametric amplifiers
o Solid state modulators
e Semiconductor testers
® Solid state limiters

@ Solid state continuous
phase shifters

® Voltage variable attenuators
® and many others
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How Reliable
Are Relays?

y is the key word when
rs and manufacturers
at 11th National

Reliabilit
over 230 use
discuss relays
Conference.

Since November, 1961, the Reliabil-
3 Committee of NARM has been
working on developing an industry
specification for high reliability re-

lays. Formal nrecentatin= af ¢ta 2~

Woo @ evctoney e e ovcp. Most users
interviewed by EEP felt some of the
spec’s shortcomings must be overcome
before it could be effectively and uni-
~versally used to buy relays for their

“ eqipment. Its most serious drawback.
they feMwavys that there was no al-
lowance for—ifferent environments or

for environmental testing. Others felt
4 some of the most severe conditions for
W% contacts (low level tests at temperaure
W : & 3 ,ex—h'ﬁr%s"were called for by one user)
4 M
Lo <

L were not even considered. Rurr in »ra

4 »
(W It is estimated that ¥9L15 percent

of the relay makers can now supply

items that meet these specifications.

Effect of the NARM spec on relay

procurement will be tied to what the
soon-to-be-released MIL specifications

for high-reliability relays says. An

official spokesman for the military

said the specification will be released

“within 6 months.” One industry

spokesman said it probably will be is-

sued much earlier, within the next

month or so. Whatever the timing,

€~ ~—>-there will be a MIL specification on
g high-reliability relays. N- -v i=*are~t

Lo Allv ..eossof . SOme manufacturers
whose relays are not being tested, feel
release of the information may hurt
them competitively. The “manufactur-
ers selected as vendors have been chos-
en on the basis of competency, approv-
al status, and production capability
for the types of relays chosen for the
test, as determined by the Bureau of
Ships,” reported Brooks and Schochet.

= "

LIABILITY

GUARDIAIN ENGINEERED

The demand for higher reliability is pin-
pointed by this report of the recent
conference on Electromagnetic Relays,”
co-sponsored by NARM and Oklahoma
State University. Reprinted below are
significant excerpts together with margi-
nal notes by our Guardian engineers.

*as published in Electronic Evaluation & Procurement, May, 1963.
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A relatively simple de test circuit £ 4‘;{' 4 (
described by Thomas N. Lockyer of 1ty €
Philco Western Development Labora- e 4‘?"" ]L
tories determines the susceptibility of ) WA 0/ W
relavs to the formation of a parasitic 44 W/W(
to their grounded cases. He also found s - &
the parasite breakdown voltage is ex- -'wd . WD
ponentially related tf\.tPhZ current-tine J ,(‘ﬁ :
integral of the maif 2 - T AkL .

Tolo = L. oLe swe CN

~_ [
Lov O . “ ue G S

acceptance tests currently in existence [

and proposed for use are only capable

of determining the reliability of the : {' ﬁéf/

relay with respect to the test proce- A[f? e (,(,*ﬁ' m

dures and a&gg:twahl&aﬁde&mﬁ? / a,éé

ing the reliftbidity of the relay in the WC L0

end use operational environment un-

less the tests exactly simulate the end

use environment. It must be proved

that a positive correlation exists be-

tween the acceptance test procedures

and the operational environmental

stresses before the failure rate derived

from the acceptance tests has any

meaning. Rejection or acceptance of a

questionable lot should be an engineer-

ing decision based on analysis of ac-

ceptance test data and the application. |

Theme of presentations by manufac- / { /)

turers was “give us exact and detai
information on your application and &0
we will tell you what-r€lay to use.” @4

Users generally, ponded that they
don’t know the exact contact rating,
the exact input circuit, the exact en-
vironmental conditions, the exact cy-
cling rate, etc. What the user wants is
for manufacturers to give operating -d M
and reliability data that is good over )
a stated range of contact load, cycling ﬁ
rate, etc. Then let the user be respon-

sible for applying the relay within the {44
given limits, otherwise relay buyers

+ M hp fappa tn bvact nnok are lanttan

{
%8

YV —

1. SERIES 2005 AIRCRAFT-MISSILE RELAY, 5 AMP. 6 P.D.T.
Meets and exceeds all requirements of MIL-R-5757, Class A
and Class B.

. HERMETICALLY SEALED 50 AMP. SOLENOID CONTACTOR.
Meets and exceeds all requirements of MIL-R-6106 .

SERIES 3305 A.C.-D.C. PLUG-IN RELAY, 10 AMP. 4 P.D.T.
Meets and exceeds all requirements of MIL-R-6106, Class A
Class B also available.

Write taday far latest catalags.

CONTROLS

Guardian Electric Manufacturing Company ¢« 1550 West Carroll Avenue, Dept. EI311 + Chicago 7, lllinois




Lasers provide an exciting "quantum jump”
for weaponry. Weapons of the brute force,
searing-heat variety can be expected soon,
There will be more refined laser guns

that rely on resonance effects

r interactions with the target.

Here's what they look like and how they work.

OF THE SEVERAL ENERGY-DELIVERING SYSTEMS that
qualify, the laser is the hottest candidate for a directed
energy weapon (DEW). They are. at times, wrong-
ly called focused energy weapons or radiation weap-
ons. DEW are now in a state of the art whicl
exceeds the atomic bomb technologv of 1943 not

Power to burn—powerful laser developed by Raytheon Co. blasts
through a %2 in. thick steel girder, then is refocused by a sec-

NEW
DEVELOPMENTS IN
LASER WEAPONS

only feasible, but soon to be handy in primitive form
for limited weapons uses.

What does all this mean 10 those in the clectronic
mdustries ? and 1t will
lie growing—for improved hardware of many kinds:

a. Better capucitors of smaller volume.

First. there is now a need

ondary lens to strike the protective shield. It delivers 350 joules.
Maximum output of previous ruby lasers was about 50 joules.




b. All sorts of high voltage components.

c. Superbright electronic flash lamps and power
sources.

d. Electro-optical gear.

e. Protective electronic-type goggles of a kind not
yet developed.

f. Temperature measuring instruments. Present
resistance, thermocouple and thermistor thermom-
eters burn up, so light pressure has been proposed.®

g. Better furnaces for growing larger crystals.

h. In general, devices which cross from electronics
into many details in physics, chemistry and engi-
neering for their operation. Many will have to be
developed.

Second, the electronics man has to realize that the
whole laser field is moving ahead at an amazing
pace. It does not consist of do-it-yourself gadgets for
kids. Instead, the electronics man must recognize
that lasering in the high-energy realm and in the
exotic electro-optical circuitry yet to come (or now
here, but not openly available) will result from
teamwork. This, of course, does not knock down
the role of the individual, if he has an electronics
specialty with a bearing on a unified laser effort. In
a few instances, the loner can maverick his way to a
laser breakthrough. So let us look at some aspects
of laser weaponry.

Kinds of Laser Weapons

Whatever the effect of a laser weapon on its target,
it is important to look upon the device as a member
of a family. This ranges from concepts for a side
arm——already being investigated in this country and
abroad—to rather far out stuff orbiting in space. One
proposed space system weighs about 15 toms, is
pumped by nuclear energy, and has a laser resonator
complex about 30 ft. long and 10 ft. in diameter.

There are 3 kinds of laser weapons:

1. The brute-force, heat-beam.

2. The true “death ray.”

3. That which combines directed energy with di-
rected matter (DEW-DM\V) for its kill ability (see
below).

By DR. JACK De MENT

De Ment Laboratories
1717 Northeast 19th Ave,
Portland 12, Oregon

ELECTRONIC INDUSTRIES - November 1963

Each may be pulsed or C\V (continuous wave). Of
the 3, the pulsed heat-beam is presently the most
attractive to pack the needed punch. But the situa-

tion could change overnight.
Effects of pulsed Lasers

The output of pulsed lasers has risen almost ex-
ponentially, with recent values of 350 joules (by Ray-
theon Co.). See photograph of its effect. A 2000-
3000 joule system is anticipated for this fall by Paul
A. Leavy of Sanders Associates. Contracts have
already been let for a number of feasibility studies by
the Navy (mainly ONR). Studies sponsored by the
government are under way on heat-beam weapons
which aim at 10° joules output. If this ever comes
about, it would correspond to a thermonuclear-type
breakthrough.

Compare the above values to that of a 50-joule
lason (laser light slug) which can cause incendiary
damage to wood and similar materials at a distance
of 1 mile.’é 15 A photograph shows this unit demon-
strated on a strip of steel. The 10,000° temperature
record reached is now old hat. See Fig. 1. C. H.
Townes of the Institute for Defense Analyses says
that in terms of temperature, optical and infrared
radiation is now available which can be described
as at 1020 °K or 10%° °K rather than at tempera-
tures near 10* °K (Ref. 3).

At the Quantum Electronics Conference in Paris
in Feb. 1963, Gersie and Scovil of Bell Telephone
Labs predicted a peak power of 106 megw. (1 tera-
watt (Tw) or 10' w) in a pulse of 107" sec.

“Death Ray"

Little can be said about the true “death ray.” But
in this realm there are doubtless many surprises in
store. By definition it is not primarily the injection
of searing heat into a living systeni, an clectronic
circuit or other inanimate object or structure. though
secondary thermal effects may be involved.

Among other things, it presumably will involve
destructive resonance or beat effects with the target,
such as heterodyning when the target itself is a
source of electromagnetic radiation. Results of energy
fed back may range from simple jamming of an active
missile or satellite to certain secondary thermal
effects. In the latter. instead of causing the target
to vaporize from insult by tremendous heat, the target
spalls or violently explodes because it contains ad-
sorbed gases and fairly low volatility components
(e.g., solder, plastics, antiradar coating. pottants,
traces of water, etc.).
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Fig. I: Laser beam effects. 350 joule lasers

1 SECOND OF ARC LASER BEAM

are now reality. 3000 joule lasers are con- 1 TRILLION - : L T
.templa.ted by late 1963, possibly gi\.nng T L i o 1 . LENS _/__
incendiary effects to reach 10 miles. s w3 DIAN
10 BILLION [— — nOT = T e
cron oF 10°F I"L30 BiLLIoN MiLEs
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The field is moving exceedingly : 1
fast; since this article was written, mlm MILLION |— T T - — l
Maser ()pti(:s, Inc. (Boston) has an- - 3 000N B 1 - 1 S I
nounced a high power laser with out- = : l
put of more than 1500 joules per pulse 1 MILLION - —t
and input of 120 kilojoules. Kora:l !
Corp. (Santa Monica) has an experi- 100,000 [— = B -T = " —
mental unit, with a peak power output = w0ooo f— | ] L
of 500 megawatts; the beam ionizes air O g -Ir
and creates a visible flash of light. s 1,000 - I S T____
= X
z |
'
[
1
LASER WEAPONS (Continued)

At the Institute of Optics of The University of
Rochester it is found that a laser beam, upon strik-
ing certain crystalline materials, makes them explode
off as relatively cool, finely divided debris.!® Semi-
conductors and target laser crystals would be sus-
ceptible. The spraying of material struck by a high
energy laser beam, especially in space, may well
involve Newton’s third law in a new role—that of
reaction to the very substantial laser light pressure.
Mixed dark and light material often results in the
lighter part taking up the laser energy absorbed by
the darker stuff, with the lighter substance being
vaporized. The heat transfer mechanism is as vet
little understood.

New High Energy Systems

Energy output from a laser (or an array of them)
increases with energy pumped in (other things being
equal). Pumping can be done in a number of ways.
The xenon flash is the most popular at this time.
Pumping by electrons and various explodable light
sources (chemical, explodable conductors, or high
tension sparks) show promise.

In 1937 it was found that certain phosphors (which
laser resonators are when solid) could be made to
emit over 1.4 x 10¢ foot-lamberts of light when ex-
cited by 70 kv. electrons.'* Leverenz!2, long a pioneer
in the field, calculated, in 1940, that a very thin phos-
phor layer, hit by 10 kv. electrons, would emit light
equal to 900 kw. per sq. cm. (1340 horsepower). How
close he came to the laser will never be known. Re-
member that this is not laser light, but incoherent
light. So we see a new way to lasering should he
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teasible when high-energy electrons (which do not
penetrate too deeply, in contrast to pumping light)
are used in a vacuum with one-shot, thin-layer laser
resonators that are fired successively through the
electron beam.

Explodable light sources can involve the discharge
of low-inductance capacitors through fine wires.
foils or air to give in 0.1 psec. light brightness of
40 x 10° candles per sq. cm. of plasma surface.’® But
just how to separate the shock from the light so the
laser is not crushed, let alone fire in rapid sequence
so that there’s plenty of pumping? One answer is
“velocity sieving,” where the difference between light
and shock velocities is taken advantage of.?

Shock-Sink Weapon

Another way to do it, with or without velocity
sieving, is with my shock-sink system (Fig. 2). A
strong T or Y or other similar tube has an exploda-
ble light source (explodable conductor, chemical mix-
ture, one-shot xenon flash cartridge, etc., in its end).
This gives a very fast series of light-emitting ex-
plosions when quickly passed through the end of the
tube. On explosion, light and shock and source
debris travel down the leg. The light first strikes a
breakaway reflector (mirror, grating, etc.), to throw
only the light into the “light leg,” which has a laser
or other irradiable target on its end. Shortly there-
after the shock and debris hit the frangible reflector,
which is broken and, along with the shock and debris
goes down the shock-sink leg. Meanwhile, a maga-
zine of fresh breakaway optics and a feed mechanism
injects another mirror into place just before another

ELECTRONIC INDUSTRIES « November 1963




explosion occurs.

The shock-sink system can be varied from the
generic design shown in I'ig. 2 in many ways. Sone
of them are as follows. The breakable reflector can
e plane or curved or in various combinations, and
in different mountings corresponding to spectrograph
mountings (Rowland. Wadsworth, Eagle). The sys-
tem can be operated at any desired pressure. from
a pretty hard vacuum (limiting shock travel) to at-
mospheric to high pressure with or withont gases
like argon present. A venturi throat can help in
sucking the reflector debris into the sink leg, and the
pressure differential can be used for reloading both
reflector and explodable light sonrce. Electronic actn-
ation means can be used for very fast operation of
mirror and light source replacement. The whole
system can he the size of a mortar or as large as
Big Bertha.

Pumping Light

One way of chemically pumping a laser is with a
“light engine” (Fig. 3). A spheroidal envelope has
a laser mounted inside. A suitable gas-dispersoid.
an explodable light source “fuel.” is introduced into
the envelope through an injector. to be exploded by
the ignitor. Laser light is emitted when the pumping
threshold is passed. and exploded debris is exhausted.
The fuel can he solid particles (like metal). liquid or
vapor, together with oxygen or other gases. The laser
can he sheathed for protection. hut the geometry of
the envelope tends to minimize shattering by el
ising the pressure.

The pumping light produced within the sphere is
very great. In 1935 Michel-Levy and co-workers
produced up to 107 lumens by exploding small
amounts of tetranitromethane - toluene mixture in
argon.’3 Just recently. Air TForce people exploded
sheet explosive in argon to get about 10° lumens of
light.® The burst of light from a powdered metal
explosion in oxygen or otherwise ‘“unreactive” gases
like carbon dioxide or nitrogen is often very great.

A torch using the traits of laser energy acting
upon matter is interesting from a weapons stand-
point. Both the ultrahigh light energy and the light
pressure, which may run into several thousand psi.
may come into play (Ref. 10 and 5). Feed material
(gas, liquid or solid) is put through a laser (Iig. 4).
The beam emerges into an interact region where
there is formed anything from a heat-augmented
flame to the explosion of gas or solid to a radiation-

impelled plasma gloh. While the laser torch has

Powerful 50-joule beam of Raytheon's 4-barreled laser (the
model used by M.L.T. for the “moon shot”) instantly burns a hole
in a strip of steel producing a shower of white-hot molten metal.
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LASER WEAPONS (Concluded)

more immediate uses for peacetime welding, cutting.
etc., perhaps it would be of limited value in the at-
mosphere. Such an instrument should be of interest
In outer space, in view of the statement by Levy.
He says that a several kilojoule laser pulse could
cause a “breakdown, as in a lightning flash, creating
a tremendous explosion in which the air turns blue.”

Molekulyarnyy Usilitel’ i Generator

In the Soviet Union, where laser research is well
planned and organized, the device is called a MUG
(molecular amplifier and oscillator).! In early 1961
Soviet developments were about two years behind
those in this country. It is a safe bet that both theory
and hardware efforts in the weaponry end of it have
heen stepped up and the gap closed some.

The U.S.S.R. has long been active in subjects
having a direct bearing on lasers. Thus, the study
of luminescence and luminescent substances has long
been a very strong area in Soviet physics. The bulk
of the papers published have the signature of the

LASER
'.. PUMP ENERGY—»‘

Lasers and Security

During the last year—more so over the last six
months—there has been a very definite tightening up
on theoretical and applied information relating to
laser weapons. Industry is more security minded for
proprietary reasons if for no other. And, of course,
the government classifies its studies on such weap-
onry.

In the U.S. patent applications are systematically
screened “in the interest of National Defense” (just
how many secrecy orders have issued is naturally
not available for publication). Licenses to file in
foreign countries may be suspended pending com-
pletion of a review in accordance with Title 35
US.CA. (1952) Sec. 181. The same situation
obtains in the U.K. (Official Secrets Act, 1911 and
1920, Sec. 18). The many titles, e.g., of bibli-
ographies, which refer to the “open literature” clearly
implies the existence of a substantial body of classi-
fied material in the laser field. It can be expected
that the security situation will tighten up in the fore-
seeable future.

@ A REPRINT of this article is available from
ELECTRONIC INDUSTRIES Reader Service Department
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Fig. 4: Laser torch beams into feed material giving anything from a flame to explosion to a radiation-impelled plasma glob.

Lebedev Institute of Physics, Academy of Sciences of
the U.S.S.R., with some two dozen other institutes
and universities making significant contributions.?

There is no doubt of a growing Soviet effort in
laser weaponry. What is available in the open litera-
ture adds little to the picture, except by implication.
Krasnaya Zvezda in July, 1962, published an article
on an antimissile beam.'! This turns out to be a
rehash of material published in the U.S.A., with in-
teresting and often amusing overtones. According to
Krasnov, it would seem that the Soviet MUG bene-
fits by that important quantum-mechanic parameter
of dialectic materialism which “aggressive imperialist
circles” have not designed into their lasers.
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A Complete Line Of Semiconductors—NEW JEDEC Registrations

At prices equal to or less than those currently
being charged for conventional units.

If You Could Purchase A Silicon Diode Which
Would Give You:

Inherent transient voltage protection
in your products,

New standards of reliability in your design,
Series high voltage strings
without resistors.

Overvoltage Protection for other components

in your product. o0 Our m
Cataloging | / |

s HOMAS

MICRO-CATALOGS

WOULD YOU USE IT?

You would if the characteristics of such a product were
true and the price was not prohibitive.

A complete line of Avalanche Diodes is now available at the price of conven-
tional units. For additional information, call your Syntron Representative or
write direct.

63R107

— | SYNTRON COMPANY "
\5 \/A// /\)( A/ ‘ SEMICONDUCTOR DEPT. 63R103 ‘
& 263 Lexington Avenue ) quer City, Pfi
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speed of assembly: 30 seconds
(faster than ever)

cost of connectors: 65 cents

(lower than ever)

These are FXR’s new Amphenol/ipc “Quick-Crimp” TNC coaxial
connectors.

TNC’s three simple parts are easy to assemble with standard
crimping tools. And TNC’s threaded couplings make for solid, stable
mating in shaky vibration environments. They have greater electrical
consistency, and better cable retention, too, than standard TNC
cable-clamp versions.

That 65-cent price is for the popular RG59/U jacks shown in
quantities of 250 to 500. That’s up to $3.00 less than standard TNC
cable-clamp versions.

Top-notch electrical and mechanical characteristics: 500 volts
rating; uniformly excellent VSWR to 10 Gc; impedance matched
to all 50-ohm RG cables normally associated with TNC series. They
can also be used with 75 and 95-ohm cables when match is not critical.

Like FXR’s “Quick-Crimp” BNC’s (identical except for threaded
coupling), TNC’s mate with—and substitute for—any conventional
TNC you're using now. Except ours cost less and work better.

You can assemble one in 30 seconds. We can ship you hundreds
in 24 hours (we stock all the usual configurations). Get in touch
with your local FXR representative, FXR regional office, or write
directly to Kent Buell, FXR, 33 E. Franklin St., Danbury, Conn.

™
B(H THE RF PRODUCTS AND MICROWAVE DIVISION
OF AMPHENOL-BORG ELECTRONICS CORPORATION
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ACTUAL SIZE

Centralab has the kind you want!

MILITARY OR COMMERCIAL—- COMPOSITION OR WIREWOUND
DUAL CONCENTRICS ¢ ATTENUATORS

SINGLES e TWINS e TRIPLES o

For variety, versatility, and dependability in miniature potentiometers,
you can’t beat Centralab. Whether you need an RV1 Style MIL-R-94B
unit or an inexpensive commercial control—you’ll find it in Centralab’s
line of Model 3 Radiohms.” Compare the specifications—compare the
selection—compare the price—and you’ll see that Centralab is your finest
source for 5/8" diameter potentiomefers.

Specifications

COMPOSITION (MODEL 3)

Rating: 1/4 watt at 70°C, derated to O watts
at 120°C per MIL-R-948B.

Resistance Range: Linear, 500 ohms to 2.5
meg; 10% log, 5000 ohms to 2.5 meg.

Vibration: Meets characteristic *'X'', MIL-
R-948.

Moisture Resistance: Meets characteristic
“X', MIL-R-948

Insulation Resistance: Meets characteristic
“X', MIL-R-94B

Electrical Rotation: 260° +3%.

ATTENUATORS
75-300 ohms: 45DB maximum attenuation,
1/2 DB insertion loss, Tolerance; 0—95% of
rotation, +20%; 95—100%, +30%.
Above 300 ohms: 20-25 DB maximum atten-
uation, 1/2 DB insertion loss. Tolerance
+20%.

B8-6343

ELECTRONIC INDUSTRIES - November 1963

WIREWOUND (MODEL 3W)

Rating: 2 watts at 85°C, derated to O watts
at 150°C per MIL-R-19A.

Resistance Range: 4 ohms to 30,000 ohms.
Vibration: Meets MIL-R-19A.

Moisture Resistance: Meets MIL-R-19A.
Insulation Resistance: Meets MIL-R-19A.
Electrical Rotation: 250° +3%.

MECHANICAL DATA

(MODELS 3 AND 3W)
Depth from mounting surface: 5/16" single;
23/32" dual; 1-1/8" triple.
Shafts: .062" to 1.065" long, round, flatted
or slotted, seals .062"—.5".
Bushings: 5/16", 3/8", 1/2" locking; 1/8",
3/16", 1/4", 3/8", 1/2" plain, 3/8" panel
and shaft seals.
Encapsulated or sealed units available.

THE ELECTRONICS DIVISION OF GLOBE-UNION INC.

P.0. Box 591, Dept. 38K .« Milwaukes, Wisconsin 53201

In Canada: Centralab Canada Ltd., P.O. Box 400, Ajax, Ontario
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THE TECHNOLOGY OF MICROWAVE DIODES is current-
ly in a rapid state of advancement in all areas. Cer-
tain types of diodes (i.e., point contacts) in whicl
improvements have almost ceased for many years,
are now moving ahead again. This is due to a Detter
theoretical understanding of the underlying phe-
nomena.

Because of the large number of private labora-
tories working in this field and the highly competitive
nature of the resultant product, it is not easy to
obtain up-to-date information on the state-of-the-art.
This article covers known research and development
work. The discussion on each type of diode will cover
advancements made during 1963 and attempt to
predict what can be expected during 1964.

* * %
Varactor Diodes

The varactor, or variable capacitance diode, repre-
sents the most important gain in microwave diode
technology since World War II. The basic physical
difference between the varactor and the point contact
and bonded diodes is its diffused junction.

MICROWAVE DIODES -
A PROGRESS REPORT

The field of microwave diodes is making rapid
advances. Higher cutoff frequencies, lower
noise figures, and longer life are some of the
advances, with more to come. Here is a report
of today’s technology and predictions

of advances to come in the next year or two.

Diverse varactors, exhibiting a wide range of diode
characteristics, have been produced through varying
the density and time of impurity diffusion, the sub-
strate resistivity, and the bulk resistivity. The needed
diode’s characteristics continue to be a joint func-
tion of the using device’s needs and the physical
constraints in the diode structure. The quality of
varactors, reflected by such basic aspects as cutoff
frequency and reliability, is improving sharply.

Recent and future progress is shown in Fig. 1.
Two years ago, the cutoff frequency of commercial
“off-the-shelf” varactors was 150 cc. Within the
past year, both silicon and gallium arsenide (GaAs)
diodes having a 300 Gc cutoff were introduced on a
commercial basis. Besides the increase in cutoff fre-
quencies, these diodes exhibit lower resistance, lower
capacitance, and greater amenability to low tempera-
ture operation than previous varactors. Improve-
ment of the cutoff characteristic is assured by better
diffusion technology, package construction acdvances
which greatly reduce contact losses, and further im-

provements in available semiconductor material.

Fig. 1: Cut-off frequency vs. breakdown voltage for high quality varactors.

600
L%
(U]
=
>
2]
z
w
=)
[« ]
w
@
w
w
u
o
i
= ;

3

By Dr. LEON RIEBMAN

President

& S U Ly AU American Electronic Laboratories, Inc. (AEL)

BREAKDOWN VOLTAGE Colmar, Pa.

86 ELECTRONIC INDUSTRIES + November 1963




Of equal significance is the big increase in MTBF
under great mechanical and electrical stress. A very
few years ago, varactors were mainly lab toys. They
have grown in reliability to the point where they are
now widely used in military hardware. Very shortly,
a large number of varactors will qualify on very
demanding space efforts, such as Apollo.

These improved varactor diodes are reflected in
advances in many microwave devices. Several of
these will be described.

Harmonic Generators

Critical need exists for stable microwave sources
of moderate power (1-1000 mw.) for use in micro-
wave receivers and as pumps for paramps. It is now
possible to generate microwave signals having a sta-
bility of one part in 10° by use of a crystal controlled
oscillator, a few stages of transistor amplification
and a varactor harmonic multiplier chain . . . all
solid state. The cost of such devices, in quantity, op-
erating from a typical 28 vdc is quickly approaching
that of commercial reflex klystrons. Within the next
few years, reflex klystrons may be replaced by har-
monic generators for local oscillator and paramp uses
through K, and C bands respectively.

Moreover, harmonic generators are not only highly
stable, possess an extremely good MTBF and require
modest dc power, but they have still another major
attraction . . . a wide instantaneous output band-
width capability. A new device now marketed
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Fig. 2: A representative harmonic
generator that uses varactor diodes.

possesses a 12% instantaneous bandwidth in X-Band
and develops a minimum of 60 mw. over that band!

With the steady increase in power handling capa-
hility of varactors, output power from harmonic
multipliers is steadily increasing. One can obtain 300
mw. in X-Band over a 1% band and as high as 60
mw. over a 12% band. A representative unit is shown
in Fig. 2. Harmonic generator technology is tied
very intimately to the varactor state of the art. From
the cutoff frequency versus voltage chart (Tig. 1), it
can be seen that an improvement for higher break-
down voltage diodes will occur in the next year or
two. We expect the output power obtainable from
harmonic generators to correspondingly improve by

30%-40%.

Phase Shifters

Another microwave device using varactors is
the high speed, voltage controlled phase shifter. Here.
once again, the variable reactance characteristic is
used. This time, the reactance is varied to move the
apparent location of a short circuit so that a simulated
change of a transmission line length is achieved. This
device finds use in frequency modulation systems.
polarization  diversity, interference cancellation,
phased arrays, and other uses.

The critical requirement here is that the varac-
tor possess a very low series resistance so that the
diode losses are no more than 70-80% of the total

cavity losses. For example, the cutoff frequency for
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a varactor used in an electrical phase shifter should
be at least 12-15 times above the operating frequency
to assure no variation in insertion loss during the
full 180° (or greater) phase shift cycle. Phase-in-
sertion loss-VSWR characteristics is shown in Fig. 3.
Such a device, using a varactor, can adjust phase
through a full 180°-200° register in a few nsccs.

Parametric Amplifiers

The basic theory of parametric amplifiers operation
has been known for some time. Parametric amplifi-
cation was noted during World War II when inves-
tigators overpumped 1NZ1 point contact diodes in
mixer circuits. But, the high Q, variable reactance
diode (varactor) was needed to realize the low
noise, high stability trait of these amplifiers.

In the design of diodes for paramp applications,
special attention must be given to the particular diode
characteristics required, just as in the case for the
other microwave devices using varactors. Effort today
leans toward low breakdown voltage diodes (4-0
volts) possessing a very thin, abrupt depletion layer.
These diodes can be pumped from zero bhias to yield
a “B”* factor of from 6-8. Such a diode needs very
little pump power to achieve stable amplification as
compared to graded junction diodes. Another plus
arises from this situation—since noise is directly re-
lated to pump power, these abrupt junction diodes
are also desirable because of the low noise.

Circuit sketch of a
typical varactor
phase shifter.

Work is progressing toward still thinner layers, so
that pump power as low as 10-20 mw. may be ade-
quate for frequencies up to C-Band and 20-30 mw. in
X-Band. Present GaAs diodes with a “I3" factor of
6, cutoff frequency (@Ov) of 300 cc will operate in
a C-Band paramp pumped at 26 6¢ and yield a noise
temperature (at room temp.) of 200-260° K. Using
still thinner layers and the expected higher cutoff
diodes, the pump power next year may be reduced to
20-30 mw. The amplifier noise temperature will then
approach the cryogenic maser.

CA(+ 1ud)
C (- 3V)

*
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Another first in 1903 is the practical usage of var-
actor-tuned helical resonators as frequency selective
clements. They have been used in passive r-f tuners
and also, along with transistors, as frequency gov-
erning components in UHT oscillators.

Figures for loaded Q as a criterion for tuned
circuit quality are meaningless without also a specifi-
cation for the insertion loss. The reverse is also true,
since one parameter can be traded for the other.
Values of loaded () on the order of 60, with an in-
sertion loss of about 1.25 db, have been achieved for
single resonator sections in the region of 1 Gc. This
represents an unloaded Q of about 450, which is quite
a respectable figure for devices other than a complex
and costly cavity resonator.

Here, again, the varactor contributes to the total
loaded Q of the helical resonator cavity and in such
capacity influences the degree of selectivity attain-
able. Loaded Q’s of around 60 are being obtained in
resonators by using high “Q,” abrupt junction varac-
tors (Fig. 4). With the increase in diode cutoff fre-
quency reported above, we expect the loaded “()”’s
of these novel resonators to go to 100 or greater in
the next one to two years.

Fig. 4 shows a laboratory model of a voltage tuner
recently developed.

Switching Diodes

There are 3 basic diode types in use today for
switching: 1. The gold or silver bonded quasidiffused
junction diode; 2. The PIN diode; 3. The PN varac-
tor. Each type satisfies a particular set of general
requirements. For example, the bonded diodes are
designed to satisfy broad bandwidth needs at mod-
erate signal power levels. The PN junction device is
generally employed in circuits processing high r-f
power over narrow bandwidths. The high power
diodes have a barrier reactance somewhat below that
of the transmission line impedance and must be
resonated for optimum performance.

We are now experiencing an industry-wide effort
toward the further improvement of the switching
characteristics of these special diodes. A recent ad-
vance in miniature bonding technique paved the way
for a better C-Band switch. Care must be taken with
honded diodes at high frequencies when the diode
dimensions become a tenth or more of a wavelength.
Miniaturization techniques that result in the designer
being able to treat the diode as part of the distributed
network must be used.

In the high power diode area, the principal work
being done is toward improving the instantaneous
bandwidth. Present high power diodes possess a large
junction area and, therefore, require the use of reson-
ating techniques for good switching action. Band-
width can be greatly improved by reducing the bar-
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No need to waste or compromise when you select
your microwave receiver or field intensity meter
from the diversified POLARAD line!

We manufacture four versatile, endlessly-expand-
able instrumentation systems, with a full line of
compatible accessories and options, that provide
every needed functional combination, from a single
field measurement to a fully-automated spectrum
signature record, all at state-of-the-art perform-
ance levels, all at highly competitive prices.

POLARAD

RI/FI METERS and

MICROWAVE RECEIVERS are

APPLICATION-OPTIMIZED

Each of the four systems is ideally suited to a
particular class of receiving or RI/Fl application.
Each is OPTIMIZED for its job.

Model CFI PORTABLE
RI/FI METER

NOW 1 to 21 GC! TRANSISTORIZED for
ALL-DAY BATTERY OR LINE OPERA-
TION. NO CHARTS — DIRECT READ-
ING! USAF APPROVED TO 10 GC.
Simplest and fastest to use because pre-
cisely-calibrated passive-filter 1 MC and
5 MC impulse bandwidths make integral
impulse calibrator direct reading.

Model TR PORTABLE
MICROWAVE RECEIVER

e
RN

NOW 0.95 to 21 GC! TRANSISTORIZED
for ALL-DAY BATTERY OR LINE OPERA-
TION. AM, CW, MCW, AND EXCLUSIVE
FM CAPABILITY! Four instruments in
one: AM/FM Receiver, Pulse Receiver,
Field Intensity Receiver, Sensitive Power
Meter. Buy TR now, add impulse Cali-
bration later to create RI/FI Meter —
see CFl, above!

Our 18 years of experience (in thousands of appli-
cations) are your assurance of superior quality —
both in our instruments and in the engineering
service we can provide to you in this complex and
demanding branch of the microwave art.

POLARAD systems are

made ultra-flexible by the

wide choice of compatible

accessories we offer. In New DM.1Spectrum Signature Monitor
antennas, for example: Operates with above equipment
Log-periodic, Horn and Omni are all available for
all appropriate frequency ranges. Every instrument
in the line has plug-in tuning units. Buy only what
you need now — expand later!

From the calibrated antenna to the Spectrum
Signature Monitor . . . your best bet is POLARAD!

(Turn page for summary of complete line)

Model FIM-2. UNIVERSAL
RI/FI METER

NOW 1 to 21 GC! EXCLUSIVE INTEGRAL
SINE-WAVE SIGNAL-GENERATOR CALI-
BRATOR. NO CHARTS — DIRECT READ-
ING! USAF APPROVED TO 10 GC.
Calibrates entire system under test, at
any level, any frequency. Only microwave
Ri/FI Meter that performs susceptibility
tests.

Model R ULTRA-WIDE-BAND
MICROWAVE RECEIVER

COVERS 0.4 to 84.2 GC! AM, CW, MCW,
AND EXCLUSIVE FM CAPABILITY! Four
instruments in one: AM/FM Receiver,
Pulse Receiver, Field Intensity Receiver,
Sensitive Power Meter. Nine plug-ins
cover range; a tenth is specifically de-
signed for Antenna Pattern Measure-
ments 2 to 75 GC.

Polarad Electronic Instruments -
34-02 Queens Blvd. -

Division of Polarad Electronics Corporation
Long Island City 1, New York

[ 1 may have an immediate require-
ment—have my local Polarad fiekd
engineer get in touch with me.
(My telephone extension is. )

[J Please send me your new 46-page
Engineering Bulletin R63 on Micro-
wave Receivers and Field Intensity
Meters

My application is

Name
Title
Company
Address
City

Zone State




This is the family of modern microwave receivers and field intensity meters designed and
built by the men who have made Polarad the World Leader in Microwave Instrumentation.

RECEIVERS AND RI/FI METERS

MINIMUM
MODEL AND TUNER FREQUENCY
DESCRIPTION MODEL RANGE, GC SENSITIVITY, BISVES

MODEL R STANDARD MICROWAVE RECEIVER

0.4-84.2 GC RR-T 0.40-1.0 —85
RL-T 0.95-2.04 —80 Bandwidth: 3 MC@ —3 db
RS-T 1.90-4.34 —80 Linearity: 41 db over 60 db. range . )

® AM, FM, CW, MCW Receiver RM.T 4.20-7.74 —80 Meter Scales: 0-20 db linear, 0-30 db relative,

e Pulse Receiver RX-T 7.30-11.26 —80 0-70 db relative .

e Field Intensity Receiver RKS-T 9.50-15.6 —65 Outputs: audio, video, 40 MC IF, trigger, recorder

o Power Meter RKU-T 14.70-22.0 —65 Image Rejection: 60 db
RQ-T 20.26-46.7 —65
RE-T 45.30-84.2 —55
RW-T 2.00-75 —75t0 —85

MODEL TR TRANSISTORIZED MOBILE RECEIVER

0.95-21.0 GC Bandwidth: 1 MC, 5 MC, wideband impulse
T-RL 0.95-2.04 —-90 Linearity: =1 db over 60 db range

e AM, FM, CW, MCW Receiver T-RS 1.90-4.34 -90 Sensitivities given are for 1 MC impulse bandwidth

e Pulse Receiver T-RM 4.20-7.74 - 87 Meter Scales: uv, db above 1 xv/mc, db above luv/5

o Field Intensity Receiver T-RX 7.30-11.26 —87 mc, 0-70 db relative, 0-20 db linear

o Power Meter T-RKS 9.85-15.35 —80 Outputs: audio, video, recorder
T-RKU 14.80-21.0 —77 Image Rejection: 60 db

MODEL FIM-2 STANDARD RI/FI METER Bandwidth: 5 MC@ —6 db, 3MC@ —3 db

1.0-21.0 GC Maximum RF input, 3 Volts
FIM-L2 1.00-2.24 -8l Signal Attenuation: 0-80 db in 1 db steps

e Calibrated Receiver FimM-S2 2.14-4.34 -8l Measurements: Average, Slideback Peak, Peak, and

e Calibrated Signal Generator FIM-M2 4.20-7.74 ! Quasi-Peak

o Calibrated Antenna System FIM-X2 7.36-10.0 —81 Calibrating Signal: CW, 0.2 v RMS to 5.v, 0 to — 95 dbm
FIM-KS 9.85-15.35 -73 Meter Scales: uv, db above 1 uv, db above 1 uv/mc
FIM-KU 14.80-21.0 -70 Outputs: audio, video, recorder

Image Rejection: 60 db

Bandwidth: 1 MC, 5 MC, wideband impulse
Maximum RF input: 3 Volts
Signal Attenuation: 0-80 db in 1 db steps

MODEL CFI
1.0-21.0 GC

TRANSISTORIZED MOBILE METER RI/FI

CFI-L 1.00-2.04 -90 Measurements: Average, Slideback Peak, Peak, and
e Calibrated AM, FM, CW, CFI-S 1.90-4.34 —-90 Quasi-Peak
MCW, and Pulse Receiver CFI-M 4.20-7.74 —86 Calibrating Signal: Impulse, 1 MC to 10 GC; 60 db
e Calibrated Impulse Generator CFI-X 7.30-10.0 —85 above 1 uv/MC; flat within 220.5 db
e (alibrated Antenna System CFI-KS* 9.85-15.35 —80 Meter Scales: .v, db above 1 .v/mc, db above 1 uv/5
CFI-KU* 15.0 -21.0 —-77 mc, 0-70 db relative, 0-20 db linear

Outputs: audio, video, recorder
Image Rejection: 60 db

Resolution Bandwidth: 1 kc to 80 kc. variable
Spectrum Display: Lin & log on vert. vs freq. on horiz.
Sweep Rate: 1 to 30 cps, variable

Dispersion: 150 kc to 25 MC, variable

Frequency Spectrum: 1 MC to 10.0 GC, flat within
+0.5db
Pulse Repetition Rate: 1KC

Output Impedance: 50 ohms
Power Level: 60 to 70 db above luv/mc in 1 db steps

*With self-contained impulse calibrator.

MODEL DM-1*

140 12.5 MC *DM-2 160 MC

e Converts 140 MC IF Receivers
Into Spectrum Analyzer

MODEL IC-120 A/B
1 MC to 10 GC

e Stable Broadband RF, VHF,
UHF and Microwave Source

SIGNATURE MONITOR

SPECTRUM
M- 140 +12.5 MC —120

ULTRA-BROADBAND IMPULSE GENERATOR

If you do not find exactly what you need in this chart,

call in your Polarad field engineer. (See the Yellow Pages STANDARD oFTIONS

OPTIONS UNIT
for his listing.) He is a microwave expert. If you prefer, 2 Motoy Dive 2 e o
communicate directly . . . by calling EXeter 2-4500 (Area 3 Sl ocae 3 RTR BN, Rl
COde 212) T for prompt’ informed assistance. 5. Band Switch 5. R, TR. FIM-2, CFI
Our experience and facilities are
always at your service!
No =
'Postage. Postage Stamp
Wil t;i Paid i eriq?eésgryth
alled In the
Addressee United States JUST

POLARAD

MICROWAVE
RECEIVERS &
RI/FI METERS

OFF

BUSINESS REPLY MAIL
First Class Permit No. 18, Long Island City 1, N. Y.

THE
PRESS!

POLARAD ELECTRONIC INSTRUMENTS
A Division of Polarad Electronics Corporation

34-02 Queens Bivd.
Long Island City 1, N. Y.

Free 46 page Engineering Bulletin includes a
complete review of the design principles and
application techniques of microwave receivers
& RI/FI meters, as well as complete specifica-
tions on the entire Polarad line. Write for yours
today!




rier capacitance—but, immediately one is faced with
reduction of the junction area and, hence, a drop in
power handling ability. So, what is being done now is
mainly in the realm of material study. Diodes are
being made using alternate layers of heavily doped
material containing regions of high resistivity sand-
wiched between. Using this method, it is hoped that
the barrier capacitance can be largely reduced.

Crystal Video Detector Diodes

Very little improvement in crystal video detector
diodes has been realized since World War II. In the
late forties, much R&D activity was directed toward
improving the sensitivity and the burnout capability
of the point contact diode for this use. The major
result of this work was an improvement in the yield
of good diodes, but not the intended breakthrough.
Because the results were meager, activity was reduced
to a low level. Indeed, the misconception developed

Fig. 4: Laboratory model of a recent voltage tuner.

that further improvement could not be expected.

About four vears ago, an important breakthrough
occurred. It was shown that proper r-f and video
matching networks used with existing diodes im-
proved sensitivity as much as 8 db. Developments re-
lated to the crystal mount yielded an added 4 to 6 db
in sensitivity.

The increased knowledge of how to achieve the
maximum signal-to-noise ratio from a crystal video
detector has renewed interest in the possibilities of
improving the basic device. During 1963, R&D activ-
ity has increased with respect to improving both the
sensitivity and the power handling of the crystal
video detector. Fig. 5 shows the improvement in sen-
sitivity accomplished during the past year in the de-
tector and a prediction of further improvements to be
looked for during the coming year. Fig. 6 shows the
state-of-the-art of high power crystal video detectors.

Obviously a tradeoff must be made between sensi-
tivity and high hurnout capability. High power crystal
video detectors (i.e. 500 watts peak power, 15 watt
average) with good signal-to-noise sensitivity first
appeared on the scene this year. Under the impetus
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Fig. 3. Characteristics of an X-band varactor phase shifter.

of much research activity, greater improvements can
be expected during 1964.

During the past year, improvements in manufac-
turing have resulted in better yields of the most
sensitive diodes. In addition, through an increased
theoretical understanding of point contact diode tech-
nology and research into new materials, further im-
portant developments are anticipated. The improved
sensitivity, power handling, and ruggedness of mod-
ern day crystal video detectors will create a renewed
interest among designers using these devices.

A particular military equipment using crystal
video receivers, and currently in wide use, will serve
as an example of the rapid improvements occurring.

Fig. 5: Improvements in tuned crystal video detectors.
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MICROWAVE DIODES (Concluded)
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This equipment does not use r-f preamplification and
as recently as four years ago had to meet a specifica-
tion of only —40 dbm for tangential sensitivity. Last
year this same equipment could readily meet a —350
dbm specification, primarily due to better crystal video
detector mounts. Within a few months, this specifica-
tion can be raised to —35 dbm as a result of further
improvement in crystal mount design and better de-
tectors. Improvements that appear highly likely to
occur during 1964 should permit this same specifica-
tion to approach —060 dbm tangential sensitivity.
Further, this improved sensitivity will be achieved
with no increase in size or weight of the hasic equip-
ment.

The improvement in crystal video detector sensi-
tivity has occurred over the full spectrim of micro-
wave frequencies. As an example, earlier this year,
industry announced the availability of broadband
crystal video detectors useful from 40-110 cc and
providing a 10 to 15 db improvement in sensitivity.

Superheterodyne Mixer Diodes

Improvements in mixer diodes for superheterodyne
applications occurred in the first decade after World
War II. Very few further improvements have heen
made in recent years and a plateau appears to have
been reached in this field. Recent advances have heen
in terms of fractional db’s in noise performance.
These advances were realized mainly by selection and
improved yield, rather than on basic theoretical ad-
vances. Very little of significance has heen announced
thus far in 1963 in the way of improved mixer diodes.
However, improvements occurring in the crystal
video detector field have influenced the rebirth of
much research activity in the mixer diode field.

During the coming year we think that the follow-
ing developments will be announced :

1. Mixer diodes will hecome available that require
much lower oscillator power than present mixer
diodes, and yet provide similar sensitivities. These
diodes will be usable with tunnel diode local oscilla-
tors.

2. Significant effort, already under way to improve
the burnout capability of mixer diodes, should yield
some results during 1964.

3. Some further improvement in conversion loss
and over-all noise performance should also result in
1964 due to a better theoretical understanding of
point contact rectification and due to improved man-
ufacturing techniques.

92

Microwave Amplifiers & Oscillators

Both transistors and tunnel diodes are well known
devices and research effort is continuing to raise the
maximum useful frequency, maximum power capa-
bility, and improve the available noise figure of these
devices. Available transistors are currently useful up
to 1 e, During the coming year we expect that tran-
sistors will become available for use up to 2 ¢c. Tun-
nel diodes are now useful as amplifiers up to X-Band.,
and their useful frequencies can be expected to be ex-
tended into the K, band in the coming year.

The noise figure in the tunuel diode amplifier is
equal to or less than that of the equivalent transistor
amplifier in their frequencies of overlap. The transis-
tor, on the other hand, will usually provide more
power in the frequency range where it is useful and
needs less associated hardware to operate stably.
Thus, both devices are making steady progress, with
improvement by a factor of 2 expected during the
coming vear in their useful frequency and perhaps a
factor of 3 improvement in power output.

Moreover, many other solid-state devices appearing
on the horizon show promise as amplifiers and sources
of microwave energy. Recent work with GaAs in-
frared radiators has indicated microwave oscillations
superimposed on the infrared radiation. Two further
new types of diodes produced from relatively un-
known materials have been discovered and are under
stndy in AEL’s Laboratory. These diodes exhibit
negative resistance effects in the microwave region
that are not now understood. Although noisier than
the tunnel diodes, these diodes show promise for pro-
ducing much higher microwave power outputs. It is
very possible that during 1904, the underlying mech-
anism of these diodes will hecome better nnderstood.

Another exciting area of research is the generation
of microwave oscillations in bulk semiconductors. It
has been known for some time that at temperatures
below 77° K, microwave oscillations can he gener-
ated by cyclotron resonance and plasma oscillations.
Recently, coherent oscillations up to 6.5 Ge have been
reported at room temperature. As much as % w. of
peak power at 1 Gc has been reported from such a
device.

Considerable progress can be expected during 1964
on devices that should compete with the tunnel diode
as a source of microwave power and gain. Some of
these new devices should begin to appear as com-
mercial items during 1965. These devices particularly
show promise in providing solid-state sources of
high power microwave energy.

@ A REPRINT of this article is available from
ELECTRONIC INDUSTRIES Reader Service Department
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Ultrasonics is pushing the state-of-
the - art by generating and propa-
gating ultrasound at frequencies in
the gigacycle range. The energy can
be transmitted using waveguide and
transmission line techniques. Some
of the methods and problems involved
in generating and handling these
microwave sounds are discussed.

By Now MOST oF US ARE Aware that ultrasonics is
widely used for cleaning. metal joining. machining.
etc. \We know that hoth piezoelectric and magneto-
strictive transducers are used, and that most of these
operations take place in the kilocycle range. How-
ever, if someone mentions ultrasonics as being in the
gigacycle range, eyebrows raise.

A fair amount of rescarch in this frequency range
is quietly taking place in several laboratories. Most
of this work is highly classified. Through this article
and other non-classified sources we know that these
studies should lead to a better understanding of some
materials. Some researchers expect to have delay
lines that will have bandwidths in the order of 900
ymc and microwave amplification may take place
through using ultrasonics.

QUARTZ
~~ CRYSTAL

E FIELD
LINES

RE-
ENTRANT
CAVITY

Fig. 1: A piezoelec-
tric drive cavity used
to generate micro-
wave sound.

In the last few years, the upper frequency hmit at
which sound can be gencrated and propagated in
solids has been extended to several gigacycles. .\l-
though microwave ultrasound is essentially the same
as the sound waves used at lower frequencies in
delay lines and in the testing of materials, the tech-
niques for its generation, propagation and detection
must be adapted to the shorter waveleugths and
higher frequencies that occur.

At 10 cc longitudinal waves in quartz, along the
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GENERATING
ULTRASONICS
AT MICROWAVE
FREQUENCIES

X axis, are about 3000 angstroms long. Thus, the
surfaces of transducers and propagating media must
Le finished to optical precision and bonds between
transducers and other media are much more difficult
to fabricate. The attenuation of sound in most mate-
rials increases abont as the square of the frequency,
These
problems can he circumvented by careful construc-

so that material losses can be quite large.

tion and atiention to details. Attenuation in many
materials can be reduced by cooling them to cryogenic
tetmperatures.

As at lower frequencies, microwave ultrasound
can be generated by using the piezoelectric or the
magnetostrictive effect. The extremely short wave-
lengths would lead to severe scattering losses in
poly-crystalline materials, so that single crystal mate-
rial must be used for transducers and propagating
mediuni.

Quartz Transducers

Quartz has been widely used as a piczoelectric
transducer material. At lower frequencies, this ma-
terial can be cut into blocks with one dimension
equal to half a sonic wavelength. In this form quartz
has long been used for delay line transducers and,
of course, for control elements in crystal oscillators.
At microwave frequencies, waveguide and trans-
mission line techniques must be used for the trans-
port of electrical energy from signal source to the
quartz.

In generating microwave sound by the piezoelec-
tric effect, the niost common method is shown in

By WALTER BROUILLETTE
and STEPHEN WANUGA

Electronics Laboratory
General Electric Co.
Syracuse, N. Y.
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MICROWAVE ULTRASONICS (Continued)
e o T o

Fig. 1. A quartz X-cut rod is inserted into an aper-
ture in a re-entrant cavity resonator so that its pol-
ished face is at the end of the resonator post.
Coupling into the cavity is done either by a loop from
a transmission line, or by an iris from a waveguide.
There is a large component of electric field normal
to the end of the quartz rod through which the piezo-
electric effect generates sound waves in the quartz.
Other cuts of quartz can be used to generate shear
waves in the same manner.

If the sound waves are to be used in some other
material, then it must be bonded to the quartz. This
can be done in many instances by using a very thin
layer of indium, which will wet many materials when
molten. The indium can be squeezed very thin by
using enough force while it is molten. In cases where
the experiment is to be performed at cryogenic tem-
peratures, the bond can be made with stop cock
grease, which becomes rigid enough at liquid helium
temperatures to transmit sound with low attenuation.

RE ~ENTRANT
XXX 000
‘/I/ CAVITY
XXX coo
H FIELD .
LINES ‘x XX 000
v/
XXX coo ||
X xx 0 ; QUARTZ
XX X 8% 47% CRYSTAL

FILM //

Fig. 2: A quartz crystal is inserted in a magnetostrictive
cavity so that it is almost tangent to wall of cavity.

Using a Cavity

Microwave sound is detected by an identical meth-
od. Sound waves impinging on the free surface of
a (quartz crystal, in a resonant cavity, generate an
electric field. This field excites the cavity and gen-
erates an electromagnetic signal. The coupling be-
tween the sound wave and the field is rather weak.
An insertion loss of about 35-30 db per transducer is
typical for the cavity setup shown in Fig. 1. A very
high field is needed to generate an appreciable
amount of sound energy. The cavity acts like a trans-
former with a high step-up ratio. This is done by
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using cavity Q’s of several thousand with correspond-
ing small bandwidths.

To generate microwave sound by magnetostriction,
thin films of magnetostrictive metals are deposited
on the surface of a transmission medium. Metallic
nickel may be deposited by evaporation or by elec-
trodeposition onto a surface which has a thin (100
angstrom) sputtered layer of a conductor, such as
gold, placed on it. Alloys of iron and nickel with
higher magnetostrictive coefficients may
posited in a like manner. If properly done, the films
adhere very tenaciously, so that there is no bonding
problem. This is a very real advantage when it is
necessary to generate sound in a medium which is not
piezoelectrically active.

be de-

The magnetostrictive films must be excited by
using an alternating magnetic field. Since they are
reasonably good conductors, it is difficult to excite
a rapidly oscillating field normal to their surface.
Hence, a structure is chosen which generates a mag-
netic field parallel to the film surface. A typical
structure is shown in Fig. 2. Here, a re-entrant
cavity is also used. But in this case the sample is
inserted in the side of the cavity wall so the film is
almost tangent to the part at its base, where the
largest currents and magnetic fields exist. An exter-
nal bias dc field is also applied. By varying the
orientation and magnitude of the external field, both
shear and compressional waves can be generated.

In magnetostrictive generation of sound, large
magnetic fields and hence large currents are used.
This again implies using a cavity as an impedance
transformer, but now as a step-down device. In this
case too, the large transformation ratio is obtained
by high Q cavities with narrow bandwidth, The
insertion loss from such devices is comparable to
that in the piezoelectric case.

In many experiments, the same cavity is used as
both input and output transducer along with a cir-
culator as hybrid. Fig. 3 shows a set-up for testing
quartz rods. Short pulses from a generator are di-
rected vie a circulator to the cavity, which is im-
mersed in liquid helium. At the cavity, some of the
energy is connected to sound and some is reflected
to the circulator to be absorbed in the TR switch.
Sample rods for these tests must have accurately
parallel end faces.

Sound generated at the face of the crystal in the
cavity passes through the crystal to the far face where
it is reflected, due to the large mismatch in acoustic
impedance, and returns to the first face. At this face
a small amount of energy is reconverted to electrical
energy with most of the acoustic signal heing re-
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Fig. 3 (above): Test setup is used
for testing quartz crystal rods.
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Fig. 4 (right): Echoes from x-cut
quartz at liquid helium temperature.

flected again. The electrical signal goes through the
circulator, and being too low 10 fire the TR switch,
passes through to the detector and display.

Fig. 4 is a photograph of an oscilloscope trace from
such a test. In this igure, the upper trace represents
the sticcessive echoes from an N-cut crystal. The
upper trace was taken at a sweep speed of 1 msec/
cm, the center trace at 30 wscc, em and the lower
trace at 10 psec/em. Shear and compressional waves
can he seen in upper trace. The compressional waves
persist for about 6 msec. They had enough ampli-
tude to block the receiver for the first 2 msec. The
lower expanded traces show details of the echoes.
Due to the blocking, the compressional echoes are
all the same amplitude.

Crystal Anisotropy

In using single crystals of various materials as
propagation media, one must consider the effects of
crvstal anisotropy. In general. it can be stated that
sonic energy cannot always he propagated in any
arbitrary direction in the medium. There are always
three wave modes possible. These are the compres-
sional or longitudinal waves and the shear waves with
two states of polarization. The particle motions cor-
responding to these three modes are mutually per-
pendicular, but for most directions in a crystal such
as quartz. the longitudinal motion is not strictly
parallel to the direction of propagation, and the shear

A REPRINT OF THIS ARTICLE CAN BE OBTAINED
by writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila, Pa. 19139
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motions are not quite perpendicular to the direction
of propagation. Also. the direction of energy flow
is 1ot necessarily parallel ta the wave front normals
for plane waves. The magnitude of the wave velocity
also varies with direction.

These effects make the calcuiation of the behavior
of a wave upon reflection very complicated. Simiiar
effects are found in optics in birefringent nuterial,
and the analysis of the optical case is better known.
Despite these difficulties, it is often possible to find
axes along which waves can propagate and be re-
flected for normal incidence. In quartz these have
been extensively studied for use in crystal-controlled
devices, and the modes that are commonly used for
these crystals are all useful. Of course, the effects
in single crystals are not peculiar to microwave fre-
quencies. but at lower irequencies polycrystalline or
amorphous materials, which are isotropic. are usualiy
uscd for delay lines.

Although microwave ultrisonics will iikely lead
to applications in delay lines, working systems are
not now available. The large mismatch losses whiclt
occur at each transducer impose a minimum insertion
loss. which in the present state-oi-the-art is sonie
R0 db. This is prohibitive for most uses. There is
available, however, a very large bandwidth potential.
Ixperimental lines have een constructed operating
at room temperature with observable operation over
about a 900 ¢ bhandwidth, and a delay of 3 usec.

This line has the same delav-bandwidih capability

as a 1 msec. line with a bandwith of 5 »c. By proper
design of the line and coaling 1o liquid helium, the
delay could be increased several fold without increas-
ing the insertion loss appreciably.




TIPS (Technical and Product Service)

Torture tests show why
G-E ceramic tubes flew with Mercury

o Even a 1,200% overload doesn’'t faze this
% pea-sized powerhouse. Ever since last Feb-
ruary, the people in one of our labs have been trying
to torture to death a batch of type 7486 ceramic
tubes—Ilike those used in Mercury capsules. But
these rugged 7486’s keep right on delivering 4 full
watts of 485-megacycle CW output.

Actually, the maximum operational rating for the 7486 is only 150
plate volts, 8 milliamperes plate current, and 2 milliamperes grid
current. However. month after month the 7486’s under test have taken
a continuous 350 volts, 20 ma. plate and 8 ma. grid current. And one
tough little specimen is still going strong after 68 days of 50 ma. plate
and 20 ma. grid current.

Like ali G-E ceramic tubes, the 7486 also assures superior resistance to
shock, high temperatures, and nuclear radiation. It can take steady-
state radiation above 10!! roentgens and 10'* NVT.

The Y1223—a tiny developmen-
tal triode that delivers over 40
watts at 400 megacycles. .

All this out of a one-half cubic inch tube! In lab tests, one Y1223 was
driven to deliver 58 waits at 400 me. before the anode rod in a coaxial
amplifier turred blue with heat and forced a power drop-off. It’s a
good bet that Y1223’s and other ceramic tubes will find many missile

and defense applications. (Perhaps in one of your upcoming new designs.)
Ciscle 46 on Inquiry Card
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5 NEW G-E DEVELOPMENTS

619
LS.A

This new 6T9 triode-
pentode compactron
packs more audio output
in a lot less space

» The 6T9 is a welcome new
o member of the growing compac-
tron family. Their rapidly increasing
uses are sure to include lots of jobs
for this new audio preamplifier and
power output compactron.

The pentode section of the 6T9 is
rated at 12 watts plate dissipation.
A relatively large cathode in the pen-
tode contributes to easy driving—
about 8 volts peak signal (compared
with 12 volts needed by the 6AQ5)
readily obtainable from the triode
section. The triode features an ampli-
fication factor of 90 and transcon-
ductance of 3,000 microhms.

This one compactron, standing barely
two inches above its 12-pin socket,
offers the designer a 5-watt drive
power output combination. He can
use it for all the audio applications
ever found for the 6AQ5 plus 12AX7
duo ... and then some. For example,
how about a lightweight (but heavy-
duty!) single-tube phonograph? We
are quite sure that you can think of
plenty of jobs for the versatile 6T9
—and, of course, they’ll all involve
less wiring, less labor cost, more com-
pact design, and above all—better
performance.
Circle 47 on Inquiry Card
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PUT NEW “ACCENT ON VALUE”

New ICAS and CCS
ratings for transmitting
compactrons raise the
175-megacycle perform-
ance level for communi-
cations equipment

\ Additional ratings for compac-
R tron types 7984 and 8156 beam
pentodes have now been established
—for their expanded application in
both mobile and fixed station trans-
mitters. Operated at 175-megacycle
UHF, here’s what a 7984 will deliver:

ICAS (Intermittent Commercial and

Amateur Service) —32 watts

€CCS (Continuous Commercial Service)—
26 watts

IMS (Intermittent Mobile Service)—
46 watts

What a boost in performance over
the old standby type 6146! At 175
me., the 7984 delivers 289, more
power with far less drive. Not only
that. By eliminating the top cap and
the composition base, the 7984 com-
pactron saves 34" in seated height
and gets rid of a chronic mobile com-
munication trouble spot—the long,
loose platelead. Mechanically rugged,
yet lighter in weight than the 61486,
the compactron is less susceptible to
shock and vibration.

The compactron design, with 12 pins,
also makes possible multiple plate,
cathkode and screen connections at the
socket. This eases the work of the
equipment designer in orienting tube
sockets in the most efficient locations.

Circle 48 on Inquiry Card
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G.E’s “hard” TIMM 3-hit parallel adder
uses new packaging technique

2\ A new high-density packaging technique has enabled G.E. to
X\ build a rugged 3-bit parallel adder . . . “hardened” against high-
intensity radiation. This development, using G.E.’s TIMM (thermionic
integrated micro module) circuitry, provides a 3.6 cubic inch package
that weighs a mere 2.18 ounces—yet contains 15 NORS and 1 OR in
eight compact modules.

The adder’s components total 107 triodes, diodes and resistors
... all designed to operate flawlessly at 580°C. with one simple, low-
voltage power source. Required primary power is only 15 ma. at
16 VDC—and the package performs well even when the supply is
varied between 12 and 19 volts.

This developmental computer component was built at the G-E Tube
Department’s advanced development laboratory. It’s another good
example of the Company’s continuing, intensive effort to achieve ex-
tremely compact, high temperature and radiation-tolerant modules for
missiles, space vehicles, reactor installations, and other highly sophisti-
cated systems.

Progress Is Our Most Important Product

GENERAL &3 ELECTRIC

For more information: Write G-E Tube Dept., Technical Information and Product
Service (TIPS), Room 7018B, Owensboro, Kentucky. Please specify product(s).
Circle 49 on Inquiry Card
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Designing for small size, high performance?
Get more from magnetics

r”E conE. for miniaturization, conventional

# components often are eliminated in
favor of tape cores. These in turn sometimes take a back
seat to bobbin cores when used with transistors for mul-
tivibrators, oscillators, timing circuits. Same kind of
choice holds true for 125 mu powder cores vs. 550 mu
powder cores. On the other hand, when you consider
winding, frequency, and temperature, it sometimes pays
to select a larger core to achieve smaller overall circuit
size. It may be that your particular problem can be
solved by just such a design paradox. When it comes to
“thinking small” the technical assistance offered by the
man from Magnetics will help.

r”E MORE' f)ften, sma}l size does not necessar-

# ily mean higher cost. When you use
standardized core sizes you can actually reduce the com-
ponent cost. You don’t have to over-engineer or over-
spend, and what you want when you need it is generally
in stock. We've found it good business (for you and us)
to share what we've learned about the hundreds of high
permeability components we design and produce. ..60 to
550 mu powder cores, laminations of various shapes and
alloys, and tape cores in 8 alloys, 5 core cases. Simply
contact the man from Magnetics next chance you get...
or write your problem specifics on your letterhead to
Magnetics Inc., Dept. EI-9, Butler, Pa.

TOTAL ASSISTANCE, SERVICE, SELECTION/GET THE MORE FROM MAGNETICS

MAGRETICS inc.
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Chemicals for the

This is the

most complete | Electronics Industry

guide to
electronic
chemicals

ever offered.

Send for your
copy today!

You’ll want to study this new chem-
ical guide and keep it within quick
reach. Here’s why:

® 16 information-filled pages

® completely illustrated

@ information on B&A products for:
etching and processing semicon-

ductors
radio and TV tube production
capacitors
faster pm}ted circuit plating with Genesolv® D Electronic
epoXy curing agents Grade solvent
special purpose batteries
ferrite and thermistor production o facts on Aclar® plastic film for
gaseous insulation electronic design applications Baker & Adamson E1-113
e specifications of 17 B&A “Elec- e delivery data with lists of produc- };E'ﬁ&%‘.‘_”éﬂg;’,.’ic,f,_“e[',?b‘.g'.‘o,q
tronic Grade” chemicals tion and stocking centers Allied Chemical Corporation
. . .. . P.O. Box 353, Morristown, N.J.
@ list of 32 other B&A chemicals for o description of package sizes and Please send my copy of “Chemicals for
semiconductor applications types the Electronics ’,’ndu';{ry... °
o information on precision cleaning Mail coupon for your free copy
Name
BAKER & ADAMSON® “Electronic Grade” Chemicals
Title
Company
llied
. GENERAL CHEMICAL DIVISION Address
hemlcol P. O. Box 353, Morristown, N. J.
] City Zone State )
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In the area of microwave antennas, a good
deal of significance is being attached to
lens-type construction. The Luneberg lens
described here offers unusual multiple-beam
and scan capabilities. It is being included
in the specifications for a number of
pieces of sophisticated military equipment.

DIELECTRIC LENSES ARE USEFUL as secondary radia-
tors in microwave antennas. The Luneberg lens is an
ideal radially-svinmetric lens which can be made
from plastics or metal-leaded plastic materials. Very
efficient artilicial dielectrics have recently heen con-
trived and they make possible planar and spherical
lenses having the required continnous gradation of
refraction index. Most previous lenses have heen
step-graded and contain retlection-producing inter-
faces.

As the input-output device in radiating systems,

NEW DEVELOPMENTS
IN LUNEBERG LENS
ANTENNAS

the antenna is an nmportant factor in radar, telem-

etryv and commumications.  Antenna art governs
somewhat the design of an overall system and, in
sonie cases, mtluences conceptual design of the sys-
tem. This view places in perspective the antenna’s
role in modern radiating systems.

In the area of lens antennas!, the Luneberg lenses
have been of particular interest because of their
intherent multiple-beam and scan capabilities. Both
variable-dielectric and  waveguide structures have
Leen devised. One recent two-dimensional (2-D) lens
design of the latter type consists of a pair of circular

Fig. 1: Ray diagram of Lune-
berg Lens (right) shows Con-
jugate Foci. In general, an ob-
ject at some radius R’ is exactly
imaged on the surface of a lens
of smaller radius R.

A Continuous Parameter Lune-
berg Lens is shown in the
photograph at the left.

By R. L. HORST

Research Engineer,

Electrical Research Unit, Physics Dept.
Armstrong Cork Co.

Research and Development Center,
Lancaster, Pa.




nonplanar plates.? The needed refraction index radial
variation is achieved by appropriately contouring the
plates while maintaining circular symmetry. The

design reduces to a simple planar lens when the
medium (air) is replaced by a radially-graded di-
electric.

Until recently, the art of microwave dielectrics
had not been advanced enough to permit economical
construction of 2-D lenses to the same degree of pre-
cision achievable using the nonplanar conductive
spinnings. Research efforts in continuously-variable
artificial dielectrics have now provided rotational
lay-up methods which make possible the building of
dielectric cylinders of arbitrary radial gradation.
Smoothly-graded cylindrical lenses may be readily
tormed in sizes up to several feet in dianieter.

In addition to their utility in planar lens antennas,
variable diclectric cylinders are useful as modules in
the building of lens antennas of other geometries. A
continuously-graded spherical Luneberg lens has
Leen designed and built using 15° cylindrical wedges:
the wedge modules were processed from cylindrical
lenses, and are used as spherical wedges.

Theoretical Considerations

During the last decade there have been many at-
tempts to build lens antennas for use at radio-fre-
quencies, and particularly at frequencies in the micro-
wave portion of the spectrum. In 1944 the theory
and functional design of a graded dielectric lens were
set forth by Luneberg?® for a radially-symmetric de-
vice. The refraction index requirement makes the
construction of such a lens for use at optical fre-
quencies virtually impossible. Materials transparent
to r-f and meeting the needs are available, however,
and several schemes have been used in the building
of practical lenses.

A dielectric Luneberg lens may take the form of
either a cylindrical 2-D lens or a spherical 3-D device.
The form it takes depends upon the nature of the
focus desired and the feed antenna configuration. In
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Fig. 2: Graph shows Refraction Index as a Function of
the Normalized Radial Variable. Some dielectric loss
always occurs and for a given material type is usu-
ally a direct function of the index of refraction.

general, an object at some radius R’ is exactly imaged
on the surface of a lens of smaller radius R as shown
in Fig. 1. The limiting case where R’ nears infinity is
of particular interest. It is a special case of the gen-
eral theory which predicts a principal focus F on the
lens surface and its conjugate F’ at a point externai
to the lens and diametrically opposite from F. When
a focus exists an infinite distance from the imaging
device, energy radiated from a source at F will he
collimated and plane wave propagation will result.
Reciprocally, electromagnetic energy in the form of a
plane wave impinging upon the device will be con-
centrated at FF ; for a cylindrical lens a line focus will
result, while for a spherical lens, the focus will exist
at a point. For the limiting case, Luneberg has
chown that the refraction index n of the lens must
vary as a function of the radial variable r accord-
ing to an equation which reduces to

f T

"=\/2"(R)' 2

On the basis of his work, others have shown how
the dielectric gradation may be modified to allow
adjustment of the foci relative to the lens position
and along the line-of-sight through the lens center.
Morgan* has considered the general solution which
includes the case where both foci exist external to
the lens. Following Luneberg, who provides a para-
metric representation for the refraction index and
which for the case where one focus exists at infinity

n = exp [w (o, 8)], @)
(Continued on following page)

is given as
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LENS ANTENNAS (Continued)
L

Morgan has evaluated and tabulated the function

0<
de - =°

S B VA Ty s>1 (3)
I

The variable s is the normalized radial coordinate

IA

1
| sin7d (k/s) 1

w (p, x) =

locating the principal focus, and ¢ is the parameter

p=1r"n (4)
where " is the normalized radial variable. \With
regard to equation (1),

’ r -

"SR &

Parameter & characterizes the various rays and is
constant for any particular ray. Equation evaluations
for surface focus (s = # = 1) and external focus at
distances of 3% (s =1.05), 10% (s =1.10), and
20% (s =1.20) of the lens radius, are shown in
Fig. 2

Lenses having external foci are of particular inter-
est since, in practice, a primary feed or pick-up an-
tenna is most conveniently located external to the
lens. This is particularly so when a mechanical scan
is contemplated. In addition, as may be seen in Fig. 2,
the condition s >1 allows the lens builder some relief
since the maximum n needed is less than V2 as in
While low-loss mate-
rials are available over the range of n needed, some

the basic surface focus lens.

dielectric loss always occurs and for a given mate-
rial type is usually a direct function of the index of
refraction.

Artificial Dielectric Material

A lightweight low-loss medium has found use
recently.” It is a precision artificial dielectric made
of an array of needle-like metallic particles supported
by a low density dielectric material. The particles

METALIC PARTICLE SIZE
A-0.125x0.0015x0.0002 INCHES

. 0.0008 ——
4 B - 0.188 x 0.0023 x 0.0004 INCHES
=
g N
S 0.0006
1
s
A
G 0.0004 ¥d
4
& / L~
] 8
9 0.0002 ’/cr/
,)/
0
1.0 X 1.2 13 14 1.5
REFRACTION INDEX (n)
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are insulated aluminum slivers and are less than 1/10
wavelength long. The supporting matrix is a low-
loss polystyrene foam similar to Armalite®. Com-
posite materials of this type simulate an actual di-
efectric when immersed in an electromagnetic field.
In a dielectric medium, submicroscopic dipoles serve
to alter the velocity of propagation of the wave: in an
artificial dielectric, this principal effect is achieved
macroscopically by conductive particles. Metallic
slivers of millimeter lengths, for example, act to
delay waves of centimetric or greater length. Arti-
ficial dielectrics are not new, and in the past have
been devised from several materials and have used
arrays of elements of various configurations. How-
ever, most mediums described to date have been
excessively lossy at microwave frequencies. Ran-
domly-oriented insulated slivers of aluminum appear
to provide the optimum particle array from the loss
standpoint. Fig. 3 shows the loss tangent variation
over the refraction index range of interest for 2 low
density polystyrene mediums using different size
slivers.

Lens Construction

The history of graded dielectric lenses is essen-
tially a history of construction methods and the de-
velopment of uniform isotropic mediums. Both di-
electric materials and artificial dielectrics have heen
used in various fabrication schemes in attempts to
produce good quality, low cost lenses. Needless to
say, some efforts have heen more successful than
others. Notable among the former are 2 configura-
tions that have been refined to the point where prac-
tical embodiments of the Luneberg theory are pos-
sible. Both, however, use a stepwise approximation
of the needed refraction index gradation, and as a
result, dielectric discontinuities necessarily exist. One
of them uses a number of different concentric spheri-

Fig. 3: Graph at left shows loss tangent as a function of re-
fraction index for two low density artificial dielectrics,

Fig. 4: Sketch shows variable-index cylindrical lens preparation.

Artificial Dislectric
Blend (n>1.0)
Low~-Dansity
Polystyrene

Cylindrical
Container
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Fig. 5: Figures show how identical wedges may be prepared (top 2
views) and assembled in a spherical configuration (bottom views).

cal shells (each of which is substantially uniform
from a properties standpoint) which cumulatively
provide a satisfactory approximation to the needed
gradation.® Another approach has been to use in a
single lens thousands of individually uniform cubes
of dimensions usually smaller than a wavelength; by
careful placement and zoning, the needed dielectric
variation is closely approximated. Both approaches
are now being used in the manufacture of small diam-
eter (less than 5 ft.) lenses; the cubical module
method has been used as well in larger diameter
devices.”

With the development of high-efficiency artificial
dielectric mediums has come the parallel development
of new lens building schemes, including a method
for achieving symmetric and continuously-variable
mediums. A lens having 1he continuous dielectric
gradation prescribed by the theory will have a per-
formance potential exceeding that of the state-of-art
stepped lenses mentioned previously. in view of the
absence of reflection producing dielectric discontinu-
ities. Previously reported efforts to produce con-
tinuous parameter lenses or lens modules, have been
confined primarily to the development of variable
density (therefore, variable refraction index) mate-
rials; in one case the gradation for a spherical lens
was achieved by compression of appropriately shaped
low-density dielectric pieces into thin spherical
wedges.® However, modules formed by compression
methods are generally significantly anisotropic due
to the unidirectional nature of the material alteration.
Isotropy is essential and may be achieved in artificial
dielectrics. Isotropic blends of granular polystyrene
and metallic particles may be contrived. And, by

ELECTRONIC INDUSTRIES + November 1963

appropriate mixing and diluting means, may be
prepared as a fusible mass showing desirable param-
eter gradations. One such method is shown in Fig. 4.
The system uses 2 conveyors with belt width prefera-
bly equal to the radius or the diameter of the cylinder
heing formed. A blend concentrate (n >1) is shown
being cross-fed with low index (#=1) plain poly-
styrene particles identical to those which serve as
the vehicle for the metallic elements in the blend.
Contoured gates are tailored to provide the pre-
scribed variable index as well as uniform depth of
material while being collected in a rotating cylindri-
cal container. The prepared mass is then fused into a
solid unit by a steam molding process. The piece is
later heat treated for an extended period to effect
the removal of all moisture as well as to insure di-
mensional stability.

Variable-index cylinders may be used directly as
lenses, or may serve as base units from which lens
modules of other configurations may be built. An
example of the latter is the cylindrical wedge, which
approaches in geometry a spherical wedge and which
may be used in the construction of spherical lenses.
Identical wedges may be prepared as shown in Fig.
5a, and assembled in a spherical configuration as
shown in 5b. A prototype has been built using
twenty-four 15° wedges. The right circular cylin-
ders from which the wedges were cut measured 35.4
in. in diameter (the later diameter of the spherical
lens) and were 18 in. in height. The medium is an
artificial dielectric made of a variable array of g-in.
long aluminum slivers and a low-density polystyrene

Fig. 6: Author R. L. Horst holds spherical lens assembled from
cylindrical wedges. This lens was assembled dry; no adhesive was
used on the interfaces. Weight of the lens is about 25 Ibs.
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foam matrix (material A in TFig. 3). A smooth
radial gradation of refraction index was achieved and
varied from a value of 1.385 at the center to value of
1.015 at the cylinder periphery. Such cylinders are
operational 2-D  Luneberg lenses and are alone
unique in that all known previous lenses of this con-
figuration, both stepped as well as others, have been
short cylinders (height << diameter) and have
thereby imposed a limitation upon the type of feed
antenna that could be used. They may be evaluated
as lenses as a quality control procedure prior to
being processed into wedge modules. Symmetric
spherical lenses are therefore virtually assured.

The lens was assembled dry, 1.e., no adhesive was
used on the interfaces. It is shown in Fig. 6 after
great-circle binding with 1-in. fiberglass ribbons, and
with a thin glass-reinforced polyester resin shell in
place. Weight of the lens as shown is about 25 Ibs.
Foam lenses such as this may be permanently as-
sembled by use of small quantities of an adhesive
such as Armstrong J1170:1218. (Continued)

Fig. 7: Typical lens radiation pattern.

‘

GIRGUIT=WISE

HIGH VOLTAGE RECYCLING

NORMALLY A THERMAL RELAY is used as a time delay
to allow time for tubes or equipment to warm up

hefore the high voltage is turned on. This circuit
makes use of the time it takes for the relay to release
after power is removed.

The recycling circuit shown provides re-applica-
tion of 11V power following loss of grid drive or
other interlocked functions. Many types of equip-
ment have recycling circuits. These are generally
complex circuits that are difficult to install in older
equipment,

While the circuit shown here was used in a radio
transmitter, other types of equipment can also malke
use of the idea.

The relay contacts are connected directly across
the 11V ON Dbutton, and the heater circuit between
the primary of the I{V transformer and the ac com-

Supplied by STANLEY R,

SWANSON, WCMF, 60 Landing
Park, Rochester, N, Y. 14625
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mon terminal. The circuit will restore IV if the 11V
contactor is interrupted for less than the “drop out”
time of the relay. This drop out time can be a second
or more,

A resistor is shown in series with the thermal
relay to drop the voltage to 28v. (the relay's voltage).
If a higher voltage unit is used. then this resistor
can be eliminated. A transformer could have been
used in lieu of the resistor.

The OI'F button must be held down longer than
the drop out time of the relay or HV will be re-
applied.  Momentarily pressing the button is a good
periodic check for system operation.

115 vac 5 : 6 TO H.V
e—oO0—A A _ 5 o
FROM L.V, g i T TRANS-
CONTRACTORS —o—O | &8 | FORMER
TIME : :
- :
OELAY MY !
CONTRACTOR 0
> O | . INTER-
: HV. ON lnv. OFF: LOCKS
|
J
115 VAC
COMMON -'\/;N
THERMAL (see text)
RELAY
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The lens was evaluated at 8.+ GC
as a composite antenna using a low-
gain horn primary feed. The princi-
pal focus was found to exist about
1-inch from the suriace, and the
pencil beam correspouding to a con-
jugate focus at an infinite distance
had a half-power bemnwidth of 2°.
A typical radiation pattern is shown
in lig. 7.
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FEDERAL FISCAL FUNDS
FOR MICROWAVES

Up to now the Department of
Defense has allocated about
$300 million dollars for contracts
in primary research in microwave
technology.

The DOD is also shelling out
$1.5 billion for exploratory de-
velopment work in new micro-
wave systems.

Answer: Just as long as it takes to connect these traveling-

wave tubes and plug them in to 117 V AC—no further
adjustment necessary! Following are c few examples of the

many production
low-noise TWT's.

Type

WJ-268
wlJ-280
WJ-269
WiJ-281
W1J-271
WJ-276

Inforwation in more detail availoble from
representative in your area, or from Applications Engineering

models of Warkins-Johnson's “Just Plug It In”

TYPICAL
Band Gain Noise Figure

2 G 28 db 4.5 db
2.6 Gc 35 db 7 db
4 Gc 28 db 5 db
4.5 Gc 35 db 7 db
8 Gc 28 db 5.5 db
12 Ge 28 db 7.5 db

WO AN~

WATKINS-JOHNSON COMPANY

3333 HILLVIEW AVENUE
STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA
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The increasing number of

microwave transmitters in use today

has caused a serious RF! problem

Filters can be devised to reduce this RFI.

They are discussed here and a formula is given
which may be used to determine

the attenuation needed in the filter.

IN ADDITION TO THOUSANDS of microwave communi-
cation transmitters, there are at present about 12,000
radar transmitters in the U. S. In view of these large
numbers, which are increasing every year, it is not
surprising that a serious problem of radio frequency
interference RFI exists.

Many separate actions can he taken to reduce this
interference. These include improved operational pro-
cedures, pulse repetition frequency gating, Dbetter fre-
quency allocation, better siting, use of more highly
directional antennas, and increase in the selectivity
of receiving equipment. Another step is to use filters
which limit the radiation of unwanted signals.

* * *

While harmonic suppression filters are used to
avoid radiation of interfering signals, there are other
benefits. These result from the fact that harmonics
often cause one or more of the following :

(a) Damage to a tube window or other expensive
component resulting from voltage breakdown
within the waveguide.

(b) Incorrect power measurement associated with
abnormally large transmission through sam-
pling devices such as directional couplers.

(¢) Reduced life in receiver mixer diodes caused
by abnormal transmission through duplexers.

Insertion Loss Needs

All kinds of microwave tubes generate harmonics
in addition to the desired output. Moreover, many
kinds of transmitting tubes, particularly those suit-
able for use in pulsed radar, generate spurious sig-
nals at frequencies which are unrelated to the nomi-
nal one.

A REPRINT OF THIS ARTICLE
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on company letterhead to
The Editor
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A SURVEY OF

HIGH POWER
MICROWAVE FILTERS

The frequency, power level, and detailed character-
istics of such signals vary with the type of tube, its
age and the conditions under which it is operated.
This subject is well covered by the papers of Tomi-
yasu and others.! For present purposes it is enough
to note that in unfiltered systems spurious as well as
second and third harmonic signals are commonly
generated at levels about 30 db below that of the
fundamental. Losses in waveguide components and
in the antenna make the radiated level of spurious
signals about 30 d) below the fundamental. Thus, it is
appropriate to begin any calculation of insertion loss
needed in a given situation by assuming that unde-
sired signals are 50 db weaker than the desired signal.
This value should be later replaced by a value based
upon actual measurements made on the particular
tube and system under operating conditions. In the
formula for finding the needed filter attenuation, the
effective power in mw radiated at spurious fre-
quencies is designated P,.

A second parameter affecting the degree of filter-
ing needed to avoid interference is the sensitivity of
the receiver in which potential RFI may occur. Use
of parametric amplifiers in microwave systems for
both radar and communications purposes reduces
the noise figure to only 2 or 3 db. This gives sensi-
tivities for pulsed systems of the order —110 dbm.
Receiver sensitivity in mw is designated P..

Remaining parameters to be specified are the path
loss, L, which depends upon the distance between

transmitter and receiver and the directivity and gain
Gr of the receiver antenna in the direction of the
interfering source.

Free-space path loss in db between two nondirec-

W. A, Edson

By VERNON G. PRICE

Manager of Components

and WILLIAM A, EDSON

Vice President—Director of Research
Electromagnetic Technology Corp.
1375 California Ave.

Stanford Industrial Park

Palo Alto, Calif.
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V. G. Price and a co-worker discuss results of tests which were conducted on this absorption type, highpower harmonic filter.

Fig. T—Filter Electrical Spec.

FREQUENCIES IN mc ATTENUATION IN DB POWER CAPACITY

f, (waveguide cut-off) A, minimum Minimum power handling capacity

f, A, maximum peak average
f. A; minimum f tof.
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MICROWAVE FILTERS (Continued)

tional antennas separated a distance D miles is given
by the equation
L = 36.6 + 20 logye (FD) (1)
where F is the frequency in nc.
A formula for the needed attenuation for an inter-
ference suppression filter may not be written as in
Aay = 10 logyg (P1/P2) — L + Gr (2)
As an example, consider a situation in which the
second harmonic of a 10 megawatt 1300 »c micro-
wave transmitter causes interference with a receiver
30 miles distant having a sensitivity of —935 dbhm.
Assuming the second harmonic signal delivered to the
antenna is 50 db weaker than the fundamental and
that the antenna gain at this frequency is 30 db, the
peak effective radiated power at the interferring fre-
quency is + 80 dbm. Free-space path loss L for this
situation is 135 db. The receiver antenna is pre-
sumed to be fixed and not pointed directly at the
offending transmitter. IHowever, the antenna will
have some gain in this direction in one of the side-
lobes. Assume this gain to be 20 db. Substitution
of these figures into formula (2) gives an attenuation
value of 60 db needed in a filter to reduce the offend-
ing signal to a negligible value.

Types of Filters

High power microwave filters are classified in a
number of ways depending upon the specification of
insertion loss, impedance, power transmission and
absorption capacity and phase as functions of fre-
quency. Filters may also be classified by their me-
chanical characteristics such as pressurizability, size,
weight and tunability. Filters may be divided into
two categories, near-hand and far-band, based upon
the frequency range of the electrical parameters. A
near-band filter is one which operates with a range
arbitrarily extending from 0.75 f, to 1.5 f,, where o
is a frequency of some functional signal. A far-band
filter is one which operates with a range of fo to six

A waffle-iron filter with leakywall input and output pads.
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or more times f, Differences which exist in these
two catgories are based upon the fact that trans-
mission lines conduct far-band signals in many modes
while near-band signals are usually propagated in a
single mode or not at all.

One finds a variety of filter types within each of
these categories. For example, far-band filters may
be classified in any of the following types.

a. Dissipative wall

b. Leaky wall

c. Directional coupler

d. Varying impedance
Near-band filters may be divided into:

e. Coupled resonator types

f. Tee-junction types

g. Combinations of the above
Dissipative wall filters

Dissipative wall filters consist of smooth sections
of waveguide lined with a material having a fre-
quency-dependent attenuation characteristic. These
materials include resonant and dispersive ferrites, dis-
persive diclectrics and composite materials such as
HARP? Filters using these materials can he made
to have a low VSWR over a frequency range includ-
ing both the pass and the stop hand. Filters using
resonant ferrites can be made to provide high values
of stop band loss at resonance while propagating a
high power fundamental frequency signal® Mag-
netized ferrites exhibit large losses around a fre-
quency given by f = 2.8 H; where H; is the internal
magnetization field in oersteds and f is in mc. In-
sertion loss of the material is high over a frequency
range (in Mc) equal to 2.8 AH, where AH is the line
width of the ferrite.

Dispersive ferrites and dielectrics are most useful
for attenuation in the upper end of the far-band, i.e.,
at frequencies beyond the fourth or fifth harmonic.
Leaky wall filters

Leaky wall filters* ® use a series of apertures along
the walls of the transmission line. These withdraw
from the main waveguide those signals which can
propagate through high-pass filters (usually small
waveguides) which are attached to the apertures.
The high-pass filters are terminated in absorbers to
dispose of the energy coupled out of the main wave-
guide. Each aperture, which is designed to resonate
within the stop band can he made to couple out 1 to
10% of the power within the main waveguide. Asso-
ciated insertion loss per slot is thus only 0.05 to
0.5 db. Thus hundreds of apertures must be used to
get a high insertion loss. This type of filter can he
designed to have a low VSWR over both the pass and
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stop bands. With proper design, the power capacity
can approach that of the unmodified waveguide.
Deviation from linear phase shift for signals in the
pass band is negligible if a sufficient guard band is
used between the pass and stop hands.

Directional coupler filters

Some filter designs use directional couplers to
separate signals of one frequency from those of other
frequencies. Directional coupler filters can be made
refiectionless over a wide stop band and can be de-
signed to transmit high power signals in 100% power
transfer couplers. They do not present high insertion
losses compared to typical needs hut ave used in
tandem with reactive filters to attenuate reflected
signals. These filters are useful for two reasons; the
ahsorbers are concentrated in two places, and stop
hand attenuation increases with increasing frequency.
References 6 through 10 discuss this type of filter.

Varving impedance tvpes

Varving impedance filters using corrugated walls
provide frequency selectivity by reflecting undesired
signals. DBest example of this filter in waveguide
transmission lines is the “waffle-iron” type devcloped
at Stanford Research Inst. This filter has both longi-
tudinal and transverse corrugations and is capable of
providing a high insertion loss over a wide stop band.
Tandem connected filters provide more than 60 db
insertion loss from the second to the tenth harmonic.
Since these filters are reactive, VSWR in the stop
band is high, and hence they are generally used in
tandem with absorptive filters. Internal dimensions
of the filter are less than those of a standard wave-
guide; thus power handling capacity of the filter is
reduced to about 3% of the level of the waveguide
itself. This reduction of power capability can, of
course, be offset by cvacuating or pressurizing the
filter. An evacuated S-band waffle-iron filter with a
stop band loss above 60 db in a range including the
second and third harmonics, operated successfully at
3.7 megawatts peak power (0.00072 duty) with a
magnetron source. The filter was mounted close to
the tube and no adverse effects were observed even
though the stop band signals were reflected.

Coupled Resonator filters

Coupled resonator filters make up a large class of
near-band filters. They include hoth the direct-
coupled and quarter-wave coupled types. Tilters in
this class have received intensive development for
many vears. Thus it is possible to synthesize a de-
sired filter characteristic with high stop band loss,
good skirt selectivity and at the same time achieve

ELECTRONIC INDUSTRIES - November 1963

Waffle-iron filter has both longitudinal and transverse corru-
gations and is capable of providing a high insertion loss over
a wide stop band. It was developed at Stanford Research Inst.
low pass band losses and VSWR. However, un-
desired signals are reflected rather than absorbed,
so the VSWR in the stop band will be high. DBecause
of resonant field enhancement with the cavities. power
handling capacity of the coupled resonator filters is
not as great as that of the terminal waveguides,
Young'! has analyzed the peak internal fields in
direct coupled resonators. His work shows that con-
version of a smooth waveguide into a filter by use
of inductive posts or irises reduces power handling
capacity by a ratio equal to the fractional bandwidth.
Power capacity may be partially or completely re-
stored by evacuation or by pressurization with air or
of some special gas.

Modern radar transmitters arc usually tunable.
Therefore any near-band filter also needs to be tuna-
ble. Jones!? has reported a high power tunable
direct-coupled resonator filter in I.-hand waveguide
using three TISo resonators.
theoretical power capacity of one megawatt near the

This filter has a

hand edges.
Tee-junction filters

Narrow band-reject filters useful in the near-band
region, may be made by using a cascade of E-plane
Tee-junctions.'® Reflections in the pass band can be
minimized by separating the junctions an odd multi-
ple of 34 X. Each Tce is then shorted at a 14 A dis-
tance from the main waveguide to produce a stop
band. Tilters of this type may be tuned by adjust-
ment of the position of the short circuits in the side
arms. With proper design, this type of filter can
transmit in band power levels approaching 90% of
the terminal waveguide capacity.
Combinations of the above

A combination of the above filter types is often
needed to satisfy a particular insertion loss character-
istics curve, particularly where both near-band and
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MICROWAVE FILTERS (Concluded)

far-band filtering action is needed. Typical combina-
tions are a O-db directional coupler in tandem with
a waffle-iron filter, or a leaky wall filter in tandem
with a filter using reactive cavities mounted on the
transmission line walls. These cavities, similar to
those used in reaction wave meters are tuned to
appropriate stop band frequencies.

Filter Specifications

Parameters used in specifying a filter for use in
a radar system fall into two main categories—elec-
trical and mechanical.

In electrical performance specifications of a filter
the insertion loss as a function of frequency, VSWR
as a function of frequency, power handling capacity
and phase linearity are the main parameters to be
considered. A useful plot of the insertion loss curve
for specification purposes is given in Fig. 1. By
dividing the frequency range into a pass band and
various stop bands corresponding to harwonic fre-
(quency outputs of a transmitter, one can briefly
specify the needs for the filter. The upper stop band
is shown with larger attenuation values at harmonic
frequency ranges than for the bands between the
harmonics. Since there is low spurious power in
these bands it is cheaper to make a filter if one does
not provide for more insertion loss than is needed.

Specification of the maximum value of VSWR
that can be tolerated in the pass and stop bands is
important for good system operation. With many
components between a tube and the antenna it is im-
portant that each component be well matched to avoid
voltage breakdown. At the terminals of a filter a
VSWR of 1.15:1 is the maximum value usually ac-
ceptable in the pass band. Average VSWR should
be less than 1.10:1.

In high power transmitters it is important that all
signals in the stop band above the dominant mode
cut-off frequency be absorbed. Although effects on
tube life in the presence of reflected signals have not
been defined, some instances of window failure have
been attributed to this cause. It is believed that a
VSWR of 2:1 or 3:1 should be sufficiently low in the
stop band to protect the high power tube source.

Power handling capacity of a filter!s depends upon
dielectric strength of the filter interior, freedom from
carbon containing particles and upon the cooling
capability. Ina given configuration of filter the maxi-
mum power capacity will change with the pressuri-
zation of gas in the filter and with the type of gas.
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In specification of the power capacity of a filter it is
important, therefore, to include the operating pres-
sure level and type of gas. Sulfur hexafluoride, dry
nitrogen, and freon are common gasses used to pres-

surize waveguide systems,

Phase linearity of a filter in the pass band fre-
quency range is often an important specification for
a filter. This is particularly true for filters used in
radars using moving target indicators or pulse dop-
pler methods, for example. Deviation from a linear
phase characteristic in addition to that due to the
natural dispersion in a waveguide occurs at fre-
(uencies where the attenuation characteristic changes.
Murakami and Covington's show the relationship
between the change in attenuation of a network and
corresponding phase deviations. From this reference
one can determine that an important phase non-
linearity will usually occur at the band edges. For
example, if the ratio f5/fs in Fig. 1 is 1.03, corre-
sponding to a guard band of 100 Mc at 3 cc, there
will be a phase deviation of 10°/db near the edge of
the pass band.

Mechanical specifications are concerned with type
and location of input and output terminals, outline
dimensions, maximum weight, location of mounting
fixtures, material used in construction, interior and
exterior finishes, storage and operating climatic con-
ditions, type of cooling available, maximum operating
gauge pressure, vibration, shock environment, etc.
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