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This Detector’s 1pv Sensitivity Will Find It

TUNED AMPLIFIER
AND NULL DETECTOR

TYPE 12324

Fully

Transistorized

Type 1232-A
Tuned Amplifier
and Null Detector
$360

A careful analysis of this popular instrument will reveal why
engineers are specifying it when they require a highly sensitive, low noise, continuously
tunable null detector. Extremely high sensitivity is attained by new circuits that stem

from the application of a simplified noise theory* developed by GR engineers. Continuous tun-
ing is provided by an RC null network that contains a potentiometer as its single variable
element. This unique feature eliminates the alignment and tracking problems associated with
conventional null networks using three variable elements. Other major features are listed below.

Although designed primarily as a bridge detector, the 1232-A can be used, as well, as a detec-
tor of high-frequency modulated signals (with a crystal demodulator), audio-frequency wave

analyzer, and general-purpose tunable amplifier.

¢ EXTREMELY HIGH SENSITIVITY — one microvolt or better,
full scale, over most of the frequency range.

¢ EXCELLENT SELECTIVITY — bandwidth at any frequency is
about 5%. Second harmonic rejection is at least 35 db. Above
200 cps, 60-cycle rejection is at least 60 db.

» LOW NOISE LEVEL — less than 0.2 uv for most of the tuned
range.

o CONTINUOUSLY TUNABLE — from 20c to 20 kc in three
10:1 ranges.

* TWO FIXED-TUNED FREQUENCIES — at 50 kc and 100 kc.

® HIGH GAIN — 120 db for tunable settings; 100 db for flat 20c to
100-ke position; 106 db at 50 kc; and 100 db at 100 kc.

¢ CONSTANT OUTPUT — +3 db from 20c to 100 kc (FLAT
position).

*Available on request, reprint of “A Simplified
Noise Theory, and its Application to the Design of
Low-Noise Amplifiers”, by A. E. Sanderson and
R. G. Fulks, IRE Transactions on Audio, July —
August, 1961, and NEREM 1960 Record

GENERAL

oLINEAR OR LOGARITHMIC RESPONSE — provided by meter

switch. Compression adds 40 db to upper portion of meter scale
for null measurements; does not affect sensitivity at bottom
end of meter scale.

oSMALL, COMPACT, AND LIGHTWEIGHT — fully transistorized,
unit measures 8 inches wide x 6 inches high x 7% deep, and
weighs 5% pounds.

oFRONT LEGS EXTEND — permits tilting for easier viewing of
panel.

oLOW POWER REQUIREMENTS — 12 volts dc, from 9 mercury
cells. Estimated battery life is 1500 hours at a cost of about
0.4-cent per hour.

oRACK MOUNTING PROVISIONS — panel extensions available
for rack mounting.
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MULTIPLE-PLATE ANTENNA facility planned by Air Force
would avoid mechanical problems of large-aperture steerable
arrays; r-f power is sprayed downward from tower and each
plate’s aspect is remotely controlled to form a single beam scan-
ning as desired. For more details on this and other new antenna

designs, see p 39 COVER

JIONOSPHERE-MAPPING Satellite Will Test Passive Laser
Ranging Method. Reflector will bounce laser beam pulses back
to earth. NASA is looking for answers to long-range commumni-
cations problems, by analyzing how the satellite’s signals are
received throughout the world

OCEANOGRAPHERS Seek Exclusive Radio Channels. They are
going to ask for 3-Kc channels in the mobile marine communica-
tions bands. Time-sharing and 300-cycle subchannels would
give more researchers a chance to transmit data

JAPANESE COMPUTER MARKET. In five years, sales may total
nearly $3 billion. Japanese companies are forming groups to
compete with American imports. Tariffs may give them the edge

MIRROR-STEERED RADAR System Is Proposed. Two-sided mir-
ror would change pencil beam to fan beam. Developers say con-
cept can provide simpler systems with total beam power of
1,000 Mw

WESCON Sets New Records. Show is judged best yet, in technical
interest and attendance. Two of the trends evident: price war in
integrated circuits and the coming of age of lasers

D-C HIGH-POWER LINES: Will They Cause Radio Interference?
That’s one of the questions to be answered by a 1.1-Mv test
installation in Oregon. For rectification, the system will use
13,560 silicon diodes
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SPECIAL—MODERN ANTENNAS IN SPACE COMMUNICA-
TIONS. Receiving and transmitting over translunar distances
require steerable antennas of high gain and great resolving
power. But large-aperture antennas present knotty mechanical
problems. Novel feed systems and element-phasing schemes
afford partial solutions.

By C. J. Sletten, USAF Cambridge Research Center

39

THREE WAYS TO MEASURE VARACTORS of the Future.
Compares measurements using Q meters, a-c bridges and R-X
meters. The Q meter method is found to be versatile. But
other techmiques have advantages with special combinations of
frequency, capacitance and mode of application.

By F. P. Chiffy and J. L. Gurley, General Electric

49
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SIMPLIFIED LOW-PASS FILTER Design. Step-by-step ap-
proach reduces the work in designing Tchebysheff type II filters
and permits the point of infinite rejection to be directly chosen.
It’'s especially useful in designing filters to work with demodu-
lators. By W. J. Kerwin, Stanford University

ELIMINATING THE FIRST STAGE of a Monostable Multivi-
brator. Save components in pulse-forming circuits by using the
output stage of the driver as the input section of the multivi-
brator. A design example shows exactly how to use formulas.

By R. L. Paul and A. S. Ottenstein, Seaboard Electronic

QUICK WAY TO FIND RADAR RANGE. What happens to a sys-
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This nomograph gives the answer as long as the former range
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CROSSTALK

Something for Nothing

IN ELECTRONICS, as in every other business,
charlatans sometimes get into the act, claiming
“breakthroughs” and offering to share the secret
—for a consideration.

The type of man who sold gold bricks in the
last century, and pills that turned water into
gasoline in the early 20th century, is now appar-
ently turning to electronics.

The man in the FBI photos above is allegedly
just such a person. His name is Anthony Ro-
mano, alias Tony Castollano, age 35. He was
indicted by a Federal Grand Jury at Miami in
March and is now a fugitive.

Romano is accused of using an interstate wire
in bilking a group of Florida businessmen of
$35,000. He allegedly showed them what ap-
peared to be a transistor radio and claimed it
operated without batteries, drawing its power
from the air. They put up the money to form
“Castollano Electronics.”

Frequent attempts were made by the investors
to have the “power pack” examined by an elec-
tronics expert, but Tony reportedly would stalk
off, carrying it with him and muttering that the
electronics man was attempting to steal his in-
vention.

What is significant about this case is that the
investors were not housewives. They were busi-
nessmen. They invested money without tech-
nical tests or verification, thought about check-
ing later.

No knowledgeable electronics man would be
caught like that, you say? Don’t be too sure.

A well-known authority told us recently that
the bunco element which attempts to exploit any
spectacular new field may now be trying to cash
in on the laser business.

How does he know? His company bought
some highly-touted components from a supplier
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who had claimed “breakthroughs” while refusing
to be specific.
The components were worthless.

VARACTORS. There are a variety of advanced com-
ponents that behave much like everyday versions of
the same device, except for a special feature, a tech-
nological twist analogous to a quantum jump in their
level of usefulness.

To name a few: zener diodes that break down at
a fixed voltage, semiconductor thermoelectric ele-
ments that unlike metallic devices prevent heat from
rushing back to the region being cooled, and elec-
trochemical integrators that put out signals propor-
tional to the integrated quantity instead of indicating
the quantity by a color change.

One of the outstanding examples of this addition
of a new parameter to a component is the varactor
diode, whose capacitance changes with applied volt-
age. This feature has made the parametric amplifier
possible.

However, every rose has its thorns. New devices
require new and equally ingenious test equipment
and techniques. A varactor cannot be checked out
with a simple capacitance bridge, because it has a
whole range of variables all interrelated—capac-
itance-voltage relationship, variation of capacitance
with frequency and dependence of capacitance on
ambient temperature.

Recently we published (p 60, March 9, 1962) an
article telling how to test varactors by applying a
sawtooth bias voltage to the varactor and probing
with a fixed high frequency. This week, on p 49,
F. P. Chiffy and J. L. Gurney, Jr., of GE, describe
how readings for bias voltage can be obtained by
injecting a high-freqency signal into the varactor.

Next week—shifting from tests to applications of
varactors—we will publish an article whose head-
line some reader may want to challenge: “Is this the
Simplest Paramp Ever Built?”

The amplifier circuit, for use at vhf and lower
microwave frequencies, contains only one varactor,
a butterfly resonator and coupling loops for signal
and pump frequencies, yet is tunable over a 2:1 fre-
quency band. The author is R. J. Mayer, of Boeing,
who provided us last year with a report on an
earlier parametric amplifier (p 74, Dec. 15, 1961).

Other articles on parametric amplifiers using var-
actors, published this year, include a design for a
troposcatter system paramp preamplifier for a mili-
tary system using a circulator (p 38, March 2, 1962)
and one that lowers noise by eliminating circulators
(p 58, March 16, 1962).
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Blue Jackdt

WIREWOUND RESISTORS

Sprague builds reliability . . . ef-
ficiency . . . economy right into
minified Blue Jackets with these
important features:

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

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

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

Tiny axial-lead Blue Jackets are

specially designed for use with

conventional wiring or on print-
ed boards in miniature electron-
ic assemblies. Write for com-
plete technical data in Sprague
Engineering Bulletin 7410B.

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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COMMENT

Ancient History

I have noticed in several issues
of ELECTRONICS that vou have pub-
lished a drawing of an old carbon
filament light bulb, which has the
same base as our present-day lamps,
the screw base.

Enclosed is a picture of the first
base used on the carbon lamps, with
its socket. The lamp base is porce-
lain. A later model had a brass base
with the same screw center and con-
tact ring.

Later, the base was changed to
the same as our modern bases, and
adapters were sold to convert to the
new type. These were screwed onto
the old sockets to accept the new
bases.

Thought you might be interested.
Many people I have showed these
to have never seen or heard of
them.

C. E. HOOVER
Ames, Towa

The lamp engraving is part of
an advertisement for this maga-
zine, and appeared most recently
on page 67 of the July 27 issue.
The lamp, as well as the electric
chime (see p 174, Aug. 10), are
both taken from a fascinating two-
volume book, “Experimental
Science,” by George M. Hopkins,
published by Munn & Co., New
York, 1906. The edition we have,
the 25th, was brought up to date
from previous editions by adding
“a full explanation of the Poly-
phase Generator, Induction Mo-
tors, and Rotary Transformers,”
and also describes “Edison’s New
Storage Battery.”

The vacuum tube is not included
in this book’s index, and is men-
tioned only briefly in one para-

graph, along with an engraving of
“Figures Formed by the Electric
Discharge in Vacuum Tubes.”
showing strings of arrow-head and
elliptical shapes.

Capacitor Standards

Reference is made to Mr. William
Clink’s letter of August 3 (p 4)
commenting on mine of June 15
(p 4).

I do not maintain that 0.004 mfd
is an officially standard value, but
it certainly is a standard practice.
Mr. Clink has only to look on page
77 of the 1962 Allied catalog 201A
to find three cases where the 0.004
value replaces the “standard”
0.0039 size, and three instances
where 0.04 is used instead of 0.039.
This, of course, does not reflect on
the Allied Radio Corporation or the
manufacturer, as they must stock
their inventories according to the
practice of the field rather than its
standard.

As to the acceptance of the pf
designation for values below 1 mfd,
why must 0.39 mfds be shown as
390,000? I don’t think 390K would
be ambiguous, especially since the
K symbol is already widely used in
resistor designation.

In conclusion, I suggest that one
way to bring the practice in line
with the standards is for design
engineers to use only capacitor val-
ues whose sizes are also available in
the corresponding resistor group;
that is, for =109% -capacitor toler-
ance, see =10% resistor table, ete.
As the demand for the odd values
slackens, I think capacitor manufac-
turers and distributors will be glad
to abandon them in favor of fewer
stock numbers with larger quan-
tities of each.

A. HEMEL
The Hallicrafters Company
Chicago, Illinois
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New Bourns Subminiature Relay —

NUMBER 24 — NEW PRODUCT SERIES

Its Reliability Is as High as Its Size Is Small

You can see that it's little, and you can bet that it's reliable.
Only .27 x .4” x .6”, but a steady performer even at 40 G,
55-2000 cps, this subminiature SPDT relay is designed to meet
all environmental requirements of MIL-R-5757D. Its features
include single-coil design, rotary balanced armature, hermeti-
cally sealed case and self-cleaning long-life contacts. Efficient
coil design and packaging improve sensitivity to just 100 mw
maximum.

By subjecting every unit to a 5000-operation run-in, Bourns
precludes the possibility of relay ‘‘infant mortality.” To further
ensure consistent quality, Bourns conducts 1009, final inspec-
tion for all important relay characteristics including mass spec-
trometer leak testing. The last and most punishing test of
quality is the trip taken by monthly samples through the Bourns
Reliability Assurance Program. This is one of the most extensive
series of electrical and environmental tests in the electronics

‘Manufacturer: Trimpot® ptntometers; transducers for position, pressure, acceleration. Plants: Riverside, Californ
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industry, and has long been the reliability double-check for the
famous Trimpot® potentiometer. With Bourns relays, as with
Bourns potentiometers, every possible step is taken to see that
the quality you specify is the quality you get.

Units are available now from the factory, and will soon be avail-
able through Bourns distributors as well. Write for complete
technical data.

Size: .2"x .47 x .6”

Maximum operating temperature: 125°C

Contacts: SPDT; Rating: 1.0 amp
resistive, 26.5 VDC

Coil resistances: 50 to 20001

Pick-up sensitivity: 100 milliwatts

Vibration: 40 G standard, 60 G special

Shock: 150 G

ACTUAL SIZE

; Ames, lowa; and Toronto, Canada
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Your move is to Eimac for winning microwave tubes.

Advanced microwave tubes? Eimac has them. And not a losing number anywhere. Whole families of new travel-
ing wave tubes, voltage-tunable magnetrons, reflex klystrons and iso-klystrons all share outstanding char-
acteristics. The hard-to-make types combine reliability and superior electrical performance under the most
severe environmental conditions. With refreshingly quick reaction time to your special design requirements,
Eimac is able to meet tomorrow’s tube needs today. Another reason to keep your eye on Eimac for advanced
microwave tubes, high power klystrons, power grid tubes, accessories. Eitel-McCullough, Inc., San Carlos,

Calif. Subsidiaries: Eitel-McCullough, S. A., Geneva, Switzerland, National Electronics, Geneva, lll.

Eimac can supply microwave tube types on fast delivery schedules: (front row) reflex

klystron; (second row) iso-klystron — factory matched reflex klystron and isolator, KEEP YOUR EYE ON \d

reflex klystron, VTM; (back row) Traveling Wave Tube — of military ruggedness.
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ELECTRONICS NEWSLETTER

Army Going into Production on Micromodules

CHIEF SIGNAL OFFICER said last week that the micromodule
program begun in 1958 is a success and that it is going into produc-
tion of micromodule equipment and systems. The Army anticipates
spending $8 million on the program in fiscal 1963, double 1962,

and production will be stepped up
to 250,000 units a year by next
March.

Production of 1 million micro-
modules a year is expected by
June, 1964, and the rate will reach
3 million to 5 million in 1965. Micro-
modules are composed of small
wafers carrying components (see
p 62, May 15, 1959, and p 51, May
22, 1959). Production facilities
have been set up by RCA, prime
contractor, P. R. Mallory & Co., and
Paktron division of Illinois Tool
Works. Some 61 other firms supply
elements.

Among the Army’s 1962 micro-
module contracts are orders for 350
portable transceivers and a mobile
computer employing some 10,000
micromodules, from RCA, and 400
i-f amplifiers, from Mallory. Chosen
for R&D in 1964 are an airborne
h-f, single-sideband radio, a hand-
held radar, gun-flash detection and
ranging set, an electronic type-
writer and a production version of a
small field computer that is now
being built in prototype by RCA.

Two Big Antennas Near
Completion After Delays

BOSTON—Advanced Research Proj-
ects Agency’s ionospheric observa-
tory at Arecibo, Puerto Rico,
originally scheduled for operation
in late 1961, is now due to be com-
pleted next spring. It is a 1,000-foot
reflector made of wire mesh placed
in a natural bowl.

The line-feed mechanism, to be
suspended 435 feet above the re-
flector, has just been shipped to
Arecibo. It was built by Technical
Research Group (for details, see p
46, July 7, and p 43, this issue).

In other antenna news, a 150-foot
steerable dish will be hoisted next
week to its tower at Air Force
Cambridge Research Labs’ radio
astronomy facility at Sagamore
Hill, Hamilton, Mass.

This project, delayed many

September 7, 1962

months by lack of funds, and its
twin at Stanford take on added sig-
nificance since the Navy cancelled
the 600-foot telescope at Sugar
Grove (p 22, Aug. 3). The two an-
tennas are now the nation’s largest-
aperture steerable antennas. How-
ever, a 300-foot antenna is under
construction at Green Bank, Va.,
for use by the National Science
Foundation.

Quick Photos of Radar
Help Ship’s Navigators

P&O-ORIENT liner Canberra, which
made its first cruise last month,
uses a radar photo projector to sim-
plify navigation plotting. The
equipment automatically makes
successive films of a 3-inch radar
screen, then projects a 2-foot di-
ameter image onto plotting paper.
Time lapse between radar scanning
and display is adjustable between
3.5 seconds and 1 minute.

P&O says the system simplifies
navigation. The display can be
black-on-white or white-on-black, is
bright enough for viewing in
normal lighting, can be used to am-
plify weak signals or show move-
ment of targets by having the cam-

era photograph successive radar
sweeps on one film, and provides a
permanent record of the ship’s
movements. P&O said the equip-
ment was made by British Kelvin
Hughes.

Central Monitors Will
Check Polaris Naviation

NAVIGATION systems in 10 new La-
fayette class Polaris submarines,
scheduled to join the fleet by the
end of 1964, will be checked out by
consoles to be produced by Sperry
Gyroscope. Sperry said the consoles
will enable monitoring of the navi-
gation systems at a central point
and cut checkout time by 80 per-
cent. The new submarines will carry
the 2,500-mile version of Polaris,
requiring greater precision in navi-
gation. Sperry will build 14 consoles
under a $3.1-million Navy contract.
The other four will be used on shore
for training, test and study.

Ring-Shaped Motor Can
Double as Powered Gimbal

BALTIMORE—Martin’s Electronic
Systems and Products division has
developed a toroidal-shaped motor
that is, in effect, an electrical actu-
ator. It has only two moving parts,
including integral gearing, and a
response time of 2 msec from stop
to full speed. It can be built in sizes
to 10 horsepower and can also be
used in applications formerly re-
stricted to small servo motors, Mar-
tin said.

Anticipated applications include
as a torquer for inertial platforms

Free-Loader Swipes Power from Line’s Field

DENVER—Bureau of Reclamation engineers have invented a device,
nicknamed Free-Loader, that can by capacitive coupling collect
electrical energy in the field surrounding high-voltage power

transmission lines.

The device is still experimental.

It is reported to offer a potentially inexpensive source of power
for remote installations such as microwave relay stations, other
communications equipment and aircraft warning lights.

The device has virtually no effect on transmission-line per-
formance. It will collect only 1.9 Kw from lines carrying 150 Mw.
Bureau engineers said it would be about $5,000 cheaper than
conventional methods of tapping 230-Kv lines with even more
savings when tapping the new 345-Kv lines




or gyro gimbals. Because the hous-
ing is ring-shaped, it can also be
used directly as the gimbal ring of
a radar antenna, gyro, ir equip-
ment, or rocket engine to simplify
system design, Martin said. A pulse
ratio controller provides a 1,000:1
speed ratio with linearity of 0.01
percent without feedback, and a
variable reluctance circuit permits
starting and reversing current to
vary between 20:1 and 1:10, it was
reported.

Telstar Synchronizes
Clocksin U. S., Britain

DEFENSE DEPARTMENT’S master time
clocks in the U. S. and England are
being synchronized with Telstar.
The first demonstration was made
last Saturday. DOD said that the
satellite provides greater accuracy
—about 10 wsec—than can be ob-
tained using conventional radio.

In another demonstration last
week, the satellite was used to relay
a transatlantic telephone call from
TWA jet, flying over New York, to
London. The route used was
AT&T’s Skyphone service (p 30,
May 25), the Andover, Me., ground
station, Telstar and the Goonhilly
Downs ground station in England.

Mariner IT Deep-space
Experiments Turned On

HIGH GAIN antenna of Mariner II
has been pointed toward the earth,
the first step of midcourse correc-
tion maneuvers (p8, August 31).
However, Jet Propulsion Labora-
tory scientists were not sure at
press time Tuesday morning
whether the spacecraft had locked
on to the earth or the moon. This
information is vital in determining
what signals to send to Mariner II
to change its Venus miss distance
from 233,000 miles to 10,000 miles.

Signals sent from NASA’s Jo-
hannesburg, South Africa, ground
station have switched on the four
deep-space experiments aboard the
ship. The experiments include in-
struments to measure changes in
interplanetary magnetic fields, in-
tensity and distribution of charged
particles, density and distribution
of cosmic dust, and intensity and

velocity of low-energy protons from
the sun.

Ocean-Bottom Seismographs
To Check on Bomb Tests

TEXAS INSTRUMENTS will build five
more ocean-bottom seismographs
and conduct a worldwide data col-
lection program under a $496,529
extension of its Project Vela-
Uniform (detection of underground
nuclear weapons tests) contract for
Advanced Research Projects
Agency.

The new seismographs will be
able to operate at a depth of 20,000
feet and withstand pressures of
10,000 psi—twice the capabilities
of two earlier units (p 33, April
27). The seismographs digitally
record data from four sensors, for
later recovery and analysis.

Monitor for Snap System
To Use 1,000-F Detectors

ATOMIC POWER EQUIPMENT depart-
ment of General Electric is devel-
oping a monitoring and telemeter-
ing system for AEC’s 500-watt
Snap 10A, the first nuclear reactor
power system for space. The moni-
tor will include neutron and gamma
detectors designed to operate at
temperatures up to 1,000 F. If
Atomics Internation, AEC’s prime
contractor, finds a prototype accep-
table, the monitor will be tried out
in space as part of a Snap flight
test.

Eighth Cosmos Satellite
Is Launched by Soviets

VIENNA—The eighth in the series
of Cosmos satellites was launched
by the USSR August 18. Tass, So-
viet news agency, reported in the
Rabochaya Gazeta that electronic
instrumentation aboard the satellite
included a multichannel radio te-
lemetering system, radio instru-
ments for measurement of the tra-
jectory and a beacon transmitter
operating on 20.00504 Mec and
90.02268 Mec. An on-ground coor-
dinating computing center is re-
ceiving and processing information
telemetered by the transmitter.

In Brief . . .

MASER OPTICS, Inc., of Boston, has
announced a $995 laser. Timing
of bursts depends on charging
power buildup—up to 45 seconds
for 400 joules. Nominal output
is 0.5 joule.

TOSHIBA reports it has developed a
ruby laser, also low-cost. The
company said it also used the
ruby in a three-level uhf maser
and obtained amplification of 25
db.

GRUMMAN is giving a model of the
Orbiting Astronomical Observa-
tory a 1,000-hour test in a cham-
ber simulating an altitude of 300
miles.

J. C. PENNEY is using a data-proc-
essing system based on an NCR
315 computer to coordinate re-
plenishment of 20 million stock
items in its 1,700 stores, expects
to cut records-keeping cost by 70
percent.

SILICON TRANSISTOR CORP. has pur-
chased all the stock of another
New York power transistor
maker, Secoa Electronics.

PURDUE and Indiana Universities
are cooperatively presenting a
new course in radio astronomy,
using closed-circuit tv to  link
classrooms 100 miles apart.

AIR DEFENSE COMMAND'S bomb
alarm system developed by West-
ern Union is undergoing opera-
tional tests. ADC has activated
a centralized troubleshooting
center at Ent AFB, Colo.

VOICE OF AMERICA authorizations
for radio facilities acquisition
and construction totaled $96 mil-
lion through June 30.

AVCO has received a $7.6-million
contract from Army for AN/
VRC-12 communications systems
parts.

AIR FORCE has ordered $1.1 million
in single-sideband modification
kits for the GRC-26D radio sets,
from Manson Labs.

COLLINS RADIO reports $1 million in
orders for navigational equip-
ment to be used on Boeing’s new
727 jet liners.
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Silicon Planar Transistors:

Amelco also offers these tran-
sistors in production quantities:

The 2N2511 is one of three new Amelco NPN silicon, planar transistors
designed to provide useful current gain down to the microampere level
in the temperature range of
packaged, low noise, high gain series are the 2N2509 and 2N2510.

—55° Cto +125° C. Other transistors in the TO-18

2N709 2N929
2N760 2N930
2N760A 2N1613
2N2049 2N1711
2N2453 2N1893
2N998 2N2060

For differential amplifier applications, the 2N2453 is now available.

This six terminal device contains two isolated very high gain NPN silicon
planar transistors in a hermetically sealed TO-5 type case. Transistors are
matched for current gain and base on voltage over the same temperature
range (—55° C to 4-125° C). Typical noise figure for each transistor is 3 db
with a current gain of 150 at a collector current of 10pa.

2N2509 2N2510 2N2511 2N2453

Parameter Test Conditions Min Max Min Max Min Max Min Max
hgg lc = 1wA, Vg =5V 80
hrg lc = 104A, Vg = 5V 25 75 120 80
hre lc=104A, Vog =5V, T= —-55°C 25 40 40
Vceo (sust) lc=10mA, Ig =0 80V 65V 50V 30V
lecBO Ilg=0,Vcg =0.8BV¢cR 2 mpA 2 muA 2 mpA 5meA
Cob lg=0,Vog =5V 6.0 pf 6.0 pf 6.0 pf 8.0 pf
Noise Figure Ic = 104A, Vog = 5V, Rg = 10k, f=1kec 4.0db 4.0db 4.0db 7.0db
hpgp1/hgg2 Ic=1mA, Vcg =5V, T= —55°Cto +125°C 0.85 1.0
VBE1 —VBE2 lc = 104A, Vo = 5V 0.003V

For technical and sales information, please write to
Amelco, Inc., Electron Devices Division,
341 Moffett Blvd., Mountain View, California,
(408) 739-0851, TWX: 415-969-9112

MOUNTAIN VIEW, CALIFORNIA
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3.

PRODUCTS PHOTOMACROGRAPHED APPROXIMATELY 30 TIMES ACTUAL SIZE

close-up of maximum reliability

Lockheed Electronics’ in-house capability produces ferrite
cores, multi-aperture devices, printed circuit boards, memory
planes and stacks, plug-in circuit modules, and fabricated
metal casings. Every step from design through test is under
one management to assure maximum quality control and
minimum cost.

The enlarged photos above show three of the many types of
memory plane assemblies produced by Lockheed Electronics.

1. Standard commercial open frame ferrite core memory
plane utilizing either coincident current or linear select wiring.

2. Lockheed designed memory array using multi-aperture

cores to provide non-destructive readout. This unique method
of mounting and wiring provides the necessary rigidity for
severe environmental applications.

3. Memory plane with conventional ferrite cores using im-
bedded assembly and wiring techniques to meet exceptionally
high environmental shock and vibration requirements of mili-
tary specifications.

For further information on Lockheed cores, memory planes
and stacks, or printed circuitry to fill your particular require-
ments, write: Lockheed Electronics Company, 6201 East
Randolph Street, Los Angeles 22, California.

LOCKHEED ELECTRONICS COMPANY

A DIVISION OF THE LOCKHEED AIRCRAFT CORPORATION
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Accurate Test Signals 0.008 cps to 10MC

The resistance-capacity oscillator, pioneered and de-
veloped by Hewlett-Packard, provides simple operation
with high stability and wide frequency range. Just se-
lect the signal you want on easy-to-read controls, and

or adjustment. These oscillators give you low distor-
tion, excellent frequency response and extreme ampli-
tude stability. These instruments can make your test
work easier, faster, successful, economical.

you get a dependable output without tedious resetting

HEWLETT
PACKARD
COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000
Sales and service representatives in all principal areas; Europe,
Hewlett-Packard S.A., 54-54bis Route des Acacias, Geneva; Canada,
Hewlett-Packard (Canada) Ltd., 8270 Mayrand Street, Montreal

®
& Model Frequency Range Description, Features Output Price
200AB Audio 20 cps to 40 KC, Ideal for amplifier testing, modulating signal 1 watt
Oscillator 4 ranges generators, testing transmitter modulator re- (24.5 v/ 600 ohms) $165.00*
sponse.
200CD Wide 5 cps to 600 KC, Subsonic to radio frequencies, useful for test- 160 mw
Range 5ranges ing servo and vibration systems, medical and (10 v/ 600 ohms) $195.00*
Oscillator geophysical equipment, audio amplifiers, video
.~frequency-circuits..Easy.reading.
201C Audio 20 cps to 20 KC, High power, designed for testing amplifiers, 3 watts
Oscillator 3ranges speakers, crossover nets. =1 db frequency re- (42.5 v/ 600 chms) $250.00*
: sponse,. entire range. :
202A Function 0.008 to 1,200 Source of continually variable, transient-free 28 mw
Generator cps, 5 ranges sine, square, triangular waves for electrically (30 v/4,000 ohms) $550.00**
simulating mechanical, physical, medical phe-
nomena. =1% stability.
211A Square 1cpstol MC, Useful for audio, video testing. 0.02 usec rise 7v p-p/75 ohms
Wave 1range time. Full amplitude variation available on 55v p-p/ 600 ohms $350.00
Generator each of two outputs.
202C Low 1 cps to 100 KC, ldeal for subsonic, audio, ultrasonic applica- 160 mw
Frequency 5 ranges tions such as vibration, electro-cardiograph, (10 v/ 600 ohms) $300.00*
Oscillator electro-encephalograph. Low distortion and
hum. Recovery time less than 0.5% above 5 cps.
204B Portable 5 cps to 500 KC, Solid state, portable, battery or optional ac op- 10 mw
Oscillator 5ranges eration. Output fully floating, will drive bal- (2.5 v/600 ohms) $275.00%**
anced and unbalanced loads referenced above
or below ground. Highly stable. Distortion less
than 1%.
205AG Audio 25 cps to 20 KC, A single instrument for making high power 5 watts adjusta-
Signal 3 ranges audio tests, gain and frequency response meas- ble/50, 200, 600,
Generator urements. Two VMs measure input and output 5,000 ohms $600.00**
of device under test.
206A Low 20 cps to 20 KC, Distortion less than 0.1%. Ideal for testing FM -+15 dbm/50,
Distortion 3ranges broadcasting units, high fidelity audio systems. 150, 200 ohms $900.00**
Audio Signal Metered output, variable in 0.1 db steps.
Generator
650A Test 10 cps to 10 MC, Ideal for measurements in audio, supersonic, 15 mw
Oscillator 6 ranges video, rf ranges. Metered output flat within 1 (3 v/600 ohms) $550.00%*
db. Distortion less than 1%, 20 cps - 100 KC; less
than 2%, 100 KC-1 MC; approx. 5% at 10 MC.

*Cabinet models; rack-mount models $5.00 additional. **Cabinet models; rack-mount models $15.00 less.
***AC operation optional, $25.00 extra. Data subject to change without notice. Prices F.0.B. factory.

September 7, 1962
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IS THE SENATE
SETTING UP
COMPETITION
FOR AT&T?

PROCUREMENT
REGULATIONS
ARE AMENDED

LABOR-SURPLUS
AREAS GETTING
MORE DEFENSE
CONTRACTS

14

WASHINGTON OUTLOOK

AN INCONSPICUOUS BILL perking along in the Senate could
give Western Union Telegraph Co. a shove toward becoming a stronger
international competitor of AT&T. The bill would let Western Union
continue to operate internationally, by ending a long-standing order
that Western Union sell its Atlantic cables. The firm has never found
a buyer, and FCC has annually waived the order.

In little-noticed testimony in April to Sen. Estes Kefauver’s Senate
Antitrust Committee, a Western Union Executive, S. M. Barr, pro-
posed that all the other international carriers merge, and then have
this company link with Western Union’s domestic facilities, forming
a major company to compete with AT&T.

Last month, in Senate debate on the communications satellite bill,
Kefauver unsuccessfully offered an amendment to end the Western
Union divestiture order. But Sen. Warren G. Magnuson (D.-Wash.)
introduced the measure, pushed it through Commerce Committee hear-
ings and subcommittee approval. Barr’s merger plans weren’t discussed
on the Senate floor, but his ideas seem to lie behind the sudden interest
in letting Western Union pursue international business.

CONGRESS HAS PASSED the so-called Hebert bill amending the
Armed Services Procurement Act. It calls for (1) more military pur-
chasing through formal advertised bidding, (2) more detailed written
justification when contracts are negotiated, (8) more competition in
negotiated procurement, and 4) certification of cost estimates by firms
with cost-plus contracts to bar inflated prices.

The final bill is milder than a version passed earlier by the House.
A provision authorizing the General Accounting Office to review and
invalidate negotiated contracts was dropped. The bill is not expected
to have much impact on contracting procedures since its basic objec-
tives are already covered by Defense Department regulations.

PENTAGON REPORTS a pick-up in the program to channel mili-
tary contracts to companies in areas with high chronic unemployment.
Total prime contracts awarded under a partial set-aside procedure dur-
ing July, 1961, to March, 1962, were nearly double the dollar value
for the entire fiscal 1961 and triple that in fiscal 1960.

In all, some $6.1 billion of procurement went to firms in labor areas
in fiscal 1961, with $5.3 billion of that placed in the last six months
of the year. In the first nine months of fiscal 1962, despite a decline in
the number of areas designated as labor surplus communities, $5.8
billion in contracts were awarded to firms there.

But Sen. Hubert H. Humphrey (D.-Minn.), who presided over a
recent Senate Small Business Committee hearing on the impact of
defense spending on distressed areas, feels the Pentagon is not doing
enough. He complains that Pentagon policies on contract awards and
construction of new defense facilities have allowed “rich areas to get
richer and poor areas to get poorer.” He cites increasing concentration
of new contracts and facilities in California and Florida and the con-
tinuing decline of defense business in the Midwest.

electronics



The world’s smallest satellite has been developed by Space
Technology Laboratories. Its shape will be different from all
other satellites before it. STL engineers and scientists have
used a tetrahedral configuration to bring about some remark-
able characteristics in a space vehicle. There will be no need
for batteries nor regulators in flight. The satellite will have
no hot side, no cold side. It will require no attitude control
devices. No matter how it tumbles in space it will always
turn one side toward the sun to absorb energy, and three
sides away from the sun to cool instrumentation and telem-
etry equipment inside. It can perform isolated experiments
in conjunction with other projects. Or it can be put into
orbit by a small rocket to make studies of its own, up to five
or more separate experiments on each mission it makes.

496 J

STL is active on hardware projects such as this and as prime
contractor for NASA’s OGO and an entirely new series of
classified spacecraft for Air Force — ARPA. We continue
Systems Management for the Air Force’s Atlas, Titan and
Minuteman programs. These activities create immediate
opportunities in: Space Physics, Radar Systems, Applied
Mathematics, Space Communications, Antennas and Micro-
waves, Analog Computers, Computer Design, Digital
Computers, Guidance and Navigation, Electromechanical
Devices, Engineering Mechanics, Propulsion Systems,
Materials Research. For So. California or Cape Canaveral
opportunities, please write Dr. R. C. Potter, Dept. G, One
Space Park, Redondo Beach, California, or P. O. Box 4277,
Patrick AFB, Florida. STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles ¢ Vandenberg AFB ¢ Norton AFB, San Bernardino ¢ Cape Canaveral ¢ Washington, D.C. » Boston ¢ Huntsville * Dayton

September 7, 1962
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DISPLAY OF INTEGRATED
WAVEFORM —transformer second-
ary voltage integrated and plotted
against the transformer primary
current—for enabling study of B-H
loops of transformer cores.

VOLTAGE

DISPLAY OF DIFFERENTIATED
WAVEFORM —tunnel diode in lig-
uid helium—for enabling detection

1usec/cm

DISPLAY OF LOGARITHMIC RE-

SPONSE—-two pulses of widely
varying amplitudes—for enabling
observation of 100-volt pulse and
0.1-volt pulse in the same viewing
area (simplified schematic shown
below).

of quantum phenomena at low
temperature.

INTEGRATOR DIFFERENTIATOR NON-LINEAR AMPLIFIER

New Operational Amplifier Plug-In Unit Permits
Oscilloscope Measurements Under Dynamic Conditions

TYPE O UNIT—for Tektronix Oscilloscopes that

5 accept letter-series plug-in units.

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

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

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

CHARACTERISTICS

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

Each operational amplifier features 15 mc open-loop gain-bandwidth
product, open-loop dc-gain of 2500, selectable input and feedback
impedances, drift rejection for ac integration. The output of one
operational amplifier can be applied to the input of the other for
combined operations.

The vertical preamplifier can be used independently or to monitor the
output of either operational amplifier. In a Tektronix Type 540-Series
Oscilloscope, the passband is dc-to-25 mc, the risetime is 14 nsec, and
the maximum calibrated sensitivity is 50 mv/cm.

NAL AMPL UGN UNW.  sima
TYPE O OPtRATIONAL AWPLTLR PG 4
EXIINPUT - ygRTICAL DISPLAY 2 VOLTS/EM

oc

TYPE O U NIT U. S. Sales Price, f.0.b. Beaverton, Oregon $475

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

Tektronlxl Inc- P.0. BOX 500 «- BEAVERTON, OREGON | Mitchell 4-0161 - TWX—503-291-6805 - Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. = Atlanta, Ga. « Baltimore (Towson) Md. » Boston (Lexington) Mass. » Buffalo, N.Y. » Chicago (Park Ridge) Ill. « Cleveland, Ohio « Dallas, Texas * Dayton, Ohic
Denver, Colo. + Detroit (Lathrup Village) Mich. » Endicott (Endwell) N.Y. » Greensboro, N.C. + Houston, Texas = Indianapolis, Ind. + Kansas City (Mission) Kan. « Los Angeles, Calif. Area (Encino « Orange
Pasadena » West Los Angeles) = Minneapolis, Minn. » New York City Area (Albertson, LI, N.Y. « Stamford, Conn. « Union, N.J.) + Orlando, Fla. « Philadelphia (Bala-Cynwyd) Pa. « Phoenix (Scottsdale) Ariz
Pittsburgh (Monroeville) Pa. « Portland, Ore. » Poughkeepsie, N.Y. = San Diego, Calif. » San Francisco, Calif. Area (Lafayette « Palo Alto) « Seattle, Wash. » Syracuse, N.Y. + Washington, D.C. (Annandale, Va.).
TEKTRONIX CANADA LTD: Montreal, Quebec « Toronto (Willowdale) Ontario.

TEKTRONIX OVERSEAS DISTRIBUTORS: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-seven overseas countries by qualified engineering organizations.

European countries and the country of Lebanon, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switzerlal J, for the name of your local overseas distributor.

Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX.
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Here’s a “twist-tab” electrolytic capacitor designed specifically for the
rigorous requirements of instrument manufacturers. Check this list of

advantages over conventional “twist-tab” electrolytics.
LONGER OPERATING LIFE
(at 85°C)
LONGER SHELF LIFE
LOWER LEAKAGE
LOWER POWER FACTOR

LOWER ESR

BETTER TEMPERATURE
CHARACTERISTICS

BETTER HIGH FREQUENCY
CHARACTERISTICS

BETTER END SEAL

The new blue-cased Sangamo Type 505 capacitor has everything the
instrument manufacturer needs in a dry electrolytic and . .. no other

capacitor can match this performance.

Write today for engineering test data .. .convincing proof that the
new blue Sangamo Type 505 does establish

new standards of quality and reliability.

In electronic instruments of tomorrow look

for the Blue 505—symbol of quality.

”m ELECTRONIC COMPONENTS

SANGAMO ELECTRIC COMPANY

SPRINGFIELD, ILLINOIS

SANGAMO BRINGS YOU

ELECTROLVTIES

THAT SET NEW STANDARDS OF RELIABILITY!

I

INSTRUMENT

ELECTROLYTICS

SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO



LOW INDUCTANCE
FAST DISCHARGE

- ENERGY DISCHARGE

e,

SANGAMO

ELECTRIC COMPANY

o L e A N Tt N R

SANGAMO

SANGAMO
SANGAMO

SANGAMO

SR
SANGA M
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO
SANGAMO




Want to string your own arrays? We can give you
7 sizes, 150 kinds of cores. Want arrays and
stacks ready-made? Good. We can also supply
every possible configuration and frame design—
including word select and coincident current types.
Don’t want to fool around with do-it-yourself items?
We can help you there, too. We've got the widest
line of off-the-shelf core memories with random
and sequential access operating modes. Plus the
finest high and medium speed tape transports.

~<—CIRCLE 18 ON READER SERVICE CARD

Who can hand you everything — from 30 miIAcores to 60% of a computer? AMPEX

Plus computer tape. Plus the most extensive field
engineering program today. In other words: when
it comes to advanced, reliable computer compo-
nents, Ampex has them. And the widest possible
selection. Ampex Computer Products Co., Culver
City, California. A division of the only company
providing recorders, tape and memory devices for
every application: Ampex Corporation, 934 Charter
St., Redwood City, California. Sales and AMPEX
service engineers throughout the world.
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CORNER REFLECTOR

ANTENNA ASSEMBLY

MAGNETOMETER™ g\
W commano ReceIveR
W
Y\ \TeLEMETER
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\ POM |
CONNECTOR \\ COMMUTATOR
POWER SWITCH_ \

COMMAND LOGIC —
40/41-MC TRANSMITTER

COMMUTATOR
_324/360-MC TRANSMITTER
“N162-MC TRANSMITTER

5

SOLAR CELLS /
20-MC TRANSMITTER | |

=m0
DUAL OSCILLATOR |
BATTERIES |

ARTISTS CONCEPTION of S-66 in orbit
shows extended blades carrying solar cells

LASER TRACKING system corner reflector assembly,
shown in this S-66 satellite cutaway view, is only satellite
component necessary for tracking

Ionosphere-Mapping Satellite

To Try Laser-Bounce Ranging

NASA is looking for
answers to long-range
communications problems

POLAR IONOSPHERE tracking
satellite (NASA designation S-66),
designed to make detailed studies
of the ionosphere, will be launched

TRONICS that funding for the satel-
lite is about $2 million.

TRACKING—The S-66 will also
test a newly devised optical track-
ing system. A corner reflector will

be carried by the satellite to reflect
pulses from a ground-based laser.
The laser will emit 1-usec pulses
with an energy output of about 1
watt-sec a pulse, and with beam-
width of 107 radian. Ground-based

; i ATTITUDE 5 T0 20-MC
from the Pacific Missile Range later ORIENT- 20-MC .AND 40MC
: ATION FREQ TRANS-
this year. Fuller knowledge of the e MUCT MITTERS

ionosphere gained through the sa-

3-CHANNEL

tellite hopefully will aid in solving 5-MC 570 360-MC
: y b S BUFFER 40-MC AND 41-MC
many long-range communications e Shie . Ly .
problems. 5 T0 MULTI MITTERS
The satellite, planned as one of 'F;’ég ANTENNA
the Explorer series, will be CONY 310 162-MC SYSTEM
54-MC AND 324-MC [l COUPLING

launched in a polar orbit to provide
total earth coverage and an oppor-
tunity for world-wide data acquisi-
tion. The satellite is one of eight

POWER TO ALL UNITS

FREQ
MULTI

TRANS-
MITTERS

NET WORK

POWER

w SWITCHING
projects planned as a part of a W
. . = | w [« =4
NASA ionospheric study. Two satel- :5 4 g 136-MC
lites, Explorer VIII and Ariel, have 5;25 g mrms-
been launched. Three more will be ;SEE:}, 2 MITTER
. . gale 72} o
launched in the future, in addition m,_gé’gg; ©
; ; o
to S-66. A sounding rocket project ggégggg = PDM COMMUTATOR
1 in- 4o <Ok O
and a probe project are also in g3L33E8 U BT

cluded.
A spokesman from NASA’s God-
dard Space Flight Center told ELEC-

DESIGN OF S-66 systems will be wmodification of circuits proven in

Transit satellites



detectors will be precision tracking
cameras and image orthicons used
with telescopes. A range resolution
of 30 meters (107" sec) is expected.

NASA’s Minitrack network will
provide daily tracking fixes to help
the lasers acquire the satellite. A
136-Mec transmitter will be used as
a Minitrack beacon, and for tele-
metering.

EXPERIMENTS—Basic objective
of S-66 will be to describe the bulk
behavior of the whole ionosphere.
Electron distribution between the
spacecraft and earth will be meas-
ured as a function of latitude, and
seasonal and diurnal time. Solar
radiation, responsible for produc-
ing the ionization, will be related to
the behavior of the ionosphere.

Studies will also include the ef-
fects of solar flares, the geometry
and number of irregularities in the
ionosphere, and radio-wave propa-
gation characteristics through the
ionosphere at frequencies of 20 Mc
to 360 Mec.

Four coherent transmitters, for
the ionospheric measurements, will
operate at 20 Mc, 40 Mc, 41 Mc and
360 Mc. They will be designed for
maximum short-term amplitude and
frequency stability and for mini-
mum differential phase jitter. A
crystal oscillator, operating at 5
Me plus 250 ppm, will control the
transmitters (see diagram).

OTHER SYSTEMS—Power for S-
66 will be supplied by nickel-cad-
mium batteries, with a capacity of
2 amp-hours. Silicon solar cells of
the blue-sensitive type, generating
a total of 10 watts, recharge the bat-
teries.

Attitude controls will be, for solar
orientation, six solar cell devices,
and for orientation with respect to
the earth’s magnetic field, a three-
axis flux-gate magnetometer. A
mechanical despin device will re-
duce the 200 rpm spin rate of the
final stage of the Scout launch
rocket down to 10 rpm.

MANAGEMENT—Goddard Space
Flight Center has overall project
management and will process data.
A GSFC spokesman said that up to
150 international participants may
aid in tracking and data collection.
A final project report will be made
available to all participants.
Spacecraft system design, fabri-
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cation and testing will be managed
by the Applied Physics Laboratory
of Johns Hopkins University. De-
sign, begun last April, will be based
extensively on Transit V-A. Lang-
ley Research Center will manage
launch operations.

X-Ray Telescope to
Probe Moon and Stars

SAN FRANCISCO—An x-ray telescope
—a collimator that can collect and
focus soft x-rays of galactic origin
—was reported at the recent inter-
national symposium on x-ray optics
and microanalysis at Stanford Uni-
versity. The device is expected to
aid in x-ray astronomy and in anal-
ysis of the moon’s composition by
measuring the intensity of lunar-
reflected radiation.

The collimator is a paraboloid
cone of high-reflectivity material. It
was developed by Riccardo Giac-
coni, of American Science and
Engineering, Inc., working with
Air Force Cambridge Research Lab,
and Bruno Rossi, of MIT. Giacconi
is also working on an image-form-
ing version for photography.

Tests showed that the efficiency
of x-ray collection was inversely
proportional to the angle of inci-
dence, so the Giacconi-Rossi colli-
mator was designed to operate with
x-rays reflecting at one or two de-
grees. It has a resolution of 1/10
the solar disc.

Soft x-ray analysis of the moon
can tell the ratio of elements, but
not specific composition. For ex-
ample, it could determine the oxy-
gen-silicon ratio, but not whether a
compound was Si0 or Si.0..

The first indication that x-ray
astronomy in the night sky was
possible, it was reported, was last
June when a radiation-counter
rocket probe discovered x-rays of
much higher intensity than ex-
pected coming from the galactic
center and around Casseopia-a. The
probe was intended to detect x-ray
reflections from the moon, hope-
fully leading to analyses, but the
lunar reflections were obscured by
the high-intensity sources.

White Sands scientists will try
again to determine the properties
and origins of soft x-rays with an-
other Aerobee probe on Oct. 2, con-
centrating on the Taurus-a area,
another suspected strong source.

“Nothing is impossible to diligence and skill”
Samuel Johnson

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

research and development.

Remington Rand
chose

for NTDS

NTDS is a shipboard computer
system designed to speed the proc-
essing of tactical information. It
provides rapid communication of
combat data between ships —
permitting them to act faster and
with greater accuracy in tactical
situations.

Potter MP06II Tape Transports were
chosen for the NTDS 1206 Military
Computer because they provide op-
timum reliability.

In actual operation, units like these
can read or write at the fantastic
rate of 360,000 alpha-numeric
characters per second at packing
densities to 1500 per inch on 1-inch
tape . .. with drop-outs fewer than
1in 108

To learn how Potter Digital Tape
Drives can be applied to your com-
puter system, write today for
details!

Manufacturers of:

© Perforated Tape Readers
© High Speed Printers
® Data Storage Systems

POTTER INSTRUMENT CO., INC.

Sunnyside Boulevard + Plainview, New York

CIRCLE 21 ON READER SERVICE CARD

POTTER

® Digital Magnetic Tape Systems



Single-Place Gyrocopter by Bensen Aircraft Corp.

Get a close-up of growing electric power in
Northeastern NORTH CAROLINA

By the time you read this, a 34-mile lake will
be almost ready to form behind VEPCO’s new
Gaston Dam. And, before your plant in North-
eastern North Carolina is complete, Gaston's
big turbines will be turning. They'll pour
200,000 kilowatts into VEPCO's modern, inter-
connected power network . . . helping to build
its present capability of 2,049,000 kilowatts up
to 3,019,000 by 1964.

Yes, you'll find dependable, economical
electric power aplenty to work with this area’s
abundant, willing and trainable manpower.

22 CIRCLE 22 ON READER SERVICE CARD

North Carolina home-grows two workers for
every one who retires or moves. And the state’s
Industrial Education Program trains them for
your plant’s needs. Want more facts, or site
information? Write, wire or phone VEPCO in
confidence, without cost or obligation.

@

VIRGINIA ELECTRIC and POWER COMPANY
J. Randolph Perrow, Manager, Area Development
Electric Bldg., Richmond 9, Virginia « Mliton 9-1411
Serving the Top-of-the-South with 2,049,000 kilowatts
—due to reach 3,019,000 kilowatts by 1964.
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New Design Principle. Con Avionics “Worst-Case”
Analysis brings virtually failure-proof performance
within the reach of everyone who uses power supplies.
Here's why:

By special mathematical analysis, every Con Avionics
supply is designed to reduce the probability of failure
to near zero under “Worst-Case" conditions. Then the
complete design is empirically verified with respect to
regulation, overload and short-circuit protection, sta-
bility and all other operating parameters under “Worst-
Case” operating conditions.

Before shipment, every Con Avionics Power Supply is
given a 100-hour simulated operation under ““Worst-

Case" conditions. The result is a supply guaranteed to
give you perfect performance under any and all condi-
tions.

Shown above is the AC-DC “Modular’ Power Supply
designed for easy incorporation in many electronic as-
semblies and systems. It features all solid state ...
unique heat sink construction . . . voltages from 2.0 to
305 VDC. .. adjustable output ... power to 30 watts
... regulation 0.1%.

Learn more about Con Avionics complete line of
Transistorized Power Supplies. Call your local Con
Avionics representative, or write to address below.
*Mean time between failure

[N

CONSOLIDATED AVIONICS CORPORATION | | :'7

¥ A Member
of The Condec Group

800 SHAMES DRIVE, WESTBURY, L. l., NEW YORK

New Low Cost General Purpose Supply
available with regulated and unregu-
lated outputs. 0-60 VDC/0-1.5 Amp.

New ““Switching’ Power Supply makes
higher current capacities possible at
low cost. 10-32 VDC/10, 20, 50 Amp.

CON
AVIONIC S




Noteworthy Notes on Digital Measurement/Second in a Series

Increasing control e

m|(:iency. ol

through digital conversion and telemetering

Unique advantages with usefulness in many

The Peoples Natural Gas Company’s data system that provides centralized,

“fingertip” control of five remote regulating and measuring stations.

Regional Manager, Non-Linear Systems, Inc.

Automatic data acquisition and display gives true “fingertip” con-
trol to dispatcher J. H. Philips, enabling him to distribute peak
day-loads up to 750 million cubic feet of gas to Peoples’ 275,000
customers.

Dispatcher’s console — through which he requests all data and
remotely makes all valve position and controller set-point changes.
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applications are offered by

By TOM KURTZER

Chicago, Illinois

How e Peoples Natural Gas Company, Pittsburgh, pro-
vided its highly-skilled dispatchers with fast, accurate data to
economically meet complex situations may be of interest
wherever remote, multi-station measuring and data acquisition
are needed. The techniques, which center around digital con-
version and telemetering, hold promise for such applications
as electrical generation and distribution, pipeline networks,
remote industrial processing, data collection from unattended
meteorological stations, and similar operations.

Basic objective of the instrumentation system installed by
Peoples to serve its 275,000 customers in western Pennsylvania
is not unique:

to provide highly accurate data from many sources quickly
20 enable skilled human beings to make intelligent decisions
on complex problems.

In the case of Peoples Natural Gas, dispatchers must satisfy
constantly changing customer gas volume demands, yet observe
the gas purchasing contract requirements of several gas sources
at the most economical rates at which gas must be withdrawn
from each source.

Highlight of the system, in operation for more than a year, is
digital telemetering between the dispatcher’s office and the
five remote stations. Analog measurements at the stations are
converted to digital signals by four-digit digital voltmeters,
manufactured by Non-Linear Systems, Inc., originator of the
DVM. The data-acquisition, transmission and supervisory sys-
tem was designed and built by the Westinghouse Electric
Corporation. Measuring, recording, automatic controlling
and alarm equipment was designed and built by The Bristol
Company.

Why did Peoples use digital rather than analog telemetering
which is so common in the gas industry? The company made
its decision based upon these digital telemetering advantages.
e A digital signal suffers no loss of accuracy in transmission.
® In actual practice, it is difficult for a dispatcher to read an
analog-type meter without close examination; thus human
errors are likely. However, data in digital form, whether dis-

electronics



Basic instrumentation at each remote station. Note the easy-to-read
display of the NLS digital voltmeter.

NLS V34A Digital Voltmeter. Five of these instruments are used
in the Peoples system.

played visually or printed, is completely non-ambiguous.
Therefore, it allows dispatchers to make faster, more accu-

rate decisions.

® Indicators for each function automatically retain their latest

readings instead of reverting to zero as in analog setups.

® With a digital code, it is possible to provide almost absolute

security against false signals or issuance of commands to the

wrong equipment.
Here’s how data is telemetered:

1. Data from pressure, flow, and temperature transducers are
simultaneously corrected and converted to millivolts by a
servo-driven slidewire.

2. This analog millivoltage is, in turn, converted to a digital
form by an NLS V34A four-digit voltmeter. _

3. The digital signal from the digital voltmeter is converted
to the 7-4-2-1 binary code used in telemetering by West-
inghouse relay equipment.
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This diagram shows how two gas fows are totalized, corrected,
converted to BCD code, transmitted, and displayed and recorded
in the central dispatcher’s office.

4. The information is then transmitted serially over lowest-
cost telephone circuits in 5 bits, with the last bit used as a
parity check.

Every code transmitted must have the correct number of
long and short bits and the correct total number of bits. If it
doesn’t, it will be detected as false by the receiving equipment
and rejected. Once again, this is an advantage made possible
by the use of digital-type telemetering.

For more information on how digital voltmeters and other
digital measuring instruments might be of assistance to you,
please contact one of the 19 NLS factory offices or write to
Non-Linear Systems, Inc., Del Mar, California.

non-linear systems, inc.

originator of the digital voltmeter
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Oceanographers Seek Exclusive

They ask for six 3-Kc
channels for data and
other communications

PARIS—A working group of the
Intergovernmental Oceanographic
Commission (IOC) has taken a first
step toward eventual allocation of
high-frequency radio bands for
oceanographers.

The group’s proposal, prepared
for the late-September I0C session

in Paris, would give oceanogra-
phers exclusive 3-Ke¢ channels in
each of the six existing ITU mobile
marine bands. The channels would
have multiple use—telephone, fac-
simile, c-w and the like—at full
channel width, with the possibility
of 300-cycle subchannels for digi-
tal data transmission.

SUBCHANNELS—The 300-cycle
subchannels correspond to an inter-
national oceanographic telemetry
standard also recommended by the

working group. The standard calls
for nominal 300-bit capacity mes-
sages with maximum transmission
rate of 100 bits per second and lim-
its antenna input power to 100
watts.

Automatic buoys are restricted
to call-up or interrogated types,
clock-programmed transmission by
buoys is prohibited. The idea be-
hind this provision is to get maxi-
mum utilization of telemetry sub-
channels through time sharing.
Later on, the standard will set re-

Japanese Aim at Computer Market

Hope to capture growing
market with joint-effort
companies and tariffs

TOKYO—Informed sources close to
the Ministry of International Trade

and Industry (MITI) are predict-
ing a rapid rise in the number of
computers sold in Japan. Within
five years, it is estimated, the num-
ber of computers in Japan will be
more than 10 times that of this
year and the dollar value of those

Air-Sea Simulator Trains Navy ASW Crews

ANTISUBMARINE WARFARE trainer built by ACF Electronics for the

Navy simulates an S2F-8 aircraft, its electronic detection and counter-
measures equipment and its armament. Some 32 computers are built into
the system. Plotting board in control room, above, shows the instructor the
path of the simulated aircraft and submarines
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computers will climb to $472.2 mil-
lion.

At present, Japan is importing
computers from the U.S., but
groups of Japanese companies have
formed joint-effort companies in
bids to capture the market here.
Chances are they will be aided by
tariffs on imported computers.

Larger computers can come into
Japan free of tariffs until March
31, 1963, and punched-card systems
until Sept. 30, 1962. About 90 per-
cent of the trade with foreign na-
tions is scheduled to be liberalized
next month, but MITI has not come
out with any definite plans to in-
clude electronic computers (except
as mentioned above) on the free
import item list.

The industry expects that the
government will maintain a tariff
rate of 15 percent on foreign elec-
tronic computers even after trade
liberalization goes into effect.

NEW COMPANIES—One large
joint-effort company, Japan Com-
puter Co., was formed a year ago by
seven companies: Toshiba, Hitachi,
Nippon Electric (NEC), Fuji Com-
munications, Oki Electric, Matshu-
shita Electric Industries and Mit-
subishi Electric. It started with a
capitalization of $3 million, will
double that this November. The
company is headed by Naokai
Murase, former deputy director of

electronics



Radio Channels in Marine Bands

quirements for trigger transmission
so that automatic buoys can provide
early warnings of hurricanes or
typhoons.

Since obtaining international
frequency allocation is a heel-drag-
ging procedure, the communica-
tions working group will recom-
mend that the forty member
nations of I0C coordinate national
frequency allocations as much as
possible and at the same time move
for formal ITU allocations, espe-
cially in the three mobile marine

bands at 4.063 to 4.438 Mc, 6.200
to 6.525 Mc and 8.195 to 8.815 Mec.

POLAR CHANNEL—The working
group also will propose that I0C
member nations get together on a
3-Ke channel near the center of the
510 to 525-Kc¢ band. This channel
would be reserved for oceano-
graphic purposes in polar regions,
where auroral disturbances make
higher frequencies useless. Rus-
sian oceanographers have already
successfully experimented in the

band. They reported that a 40-watt
transmitter driving a top-loaded
antenna 40 feet high had an effec-
tive range of 930 miles in the
Arctic.

For the vhf and uhf bands, the
working group will suggest that
oceanographers try to obtain two
channels from their national tele-
communications authorities (like
the FCC in the U. S.), a 20-Ke
channel in the 40 to 60-Mc band
and the lowest 10-Mc channel in
either the vhf or uhf bands.

MITI during the Kishi government.

Japan Computer Co. was formed
to rent domestic computers to com-
panies that could not afford to buy
them, to forestall imports of U.S.
computers. The company began
renting last October and had rented
27 domestic machines by March 31,
1962. Between April 1 and mid-
August, 1962, it had 35 rentals, in-
cluding eight computers still to be
delivered.

The company’s fees totaled $3
million during the 1961 fiscal year
which ended March 31. During the
1962 fiscal year, it plans to do a
$10-million to $12.5-million busi-
ness.

Masanobu Kimura, business man-
ager of the company, told McGraw-
Hill World News that there are now
about 300 electronic computers in
operation in Japan, excluding
punched card systems. About half
of these are domestic makes and
half foreign, with about 30 more
foreign computers approved by the
government but not yet delivered.

Last month, NEC, Fuji Electric
Communication and Oki Electric
formed another company to manu-
facture large computers (ELEC-
TRONICS, p 7, Aug. 17).

(It was also announced, in New
York, that Toshiba, the Japan Engi-
neering Consultant Corp., Fuji
Telecasting and Tosho Co. have or-
ganized another company, Japan
Business Automation Co., to sell
computers and lease computer time.
The company will handle computers
made by Toshiba.)
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BEAM SHAPE could be changed from pencil (A) to fan (B) by rotating

two-sided mirror

Mirror-Steered Radar Is Proposed

RADAR CONCEPT that would em-
ploy a bundle of radar beams re-
flected from a mirror to achieve ex-
tremely high total beam power has
been developed by General Dynam-
ics/Electronics. The company says
it could be used to detect and track
small cross-section targets at ex-
treme ranges in space projects.

A fixed primary array could be
installed below ground to provide
a partially hardened radar site. The
mirror would be above ground. The
mirror would have two sides, one
flat and one curved like a carnival
mirror. As illustrated, the flat side
would provide a pencil beam while

the curved side would provide a
fan-shaped beam.

GD/E says the concept would
provide almost unlimited radiated
power, eliminate electrical joint
problems, make beam steering and
shaping easier, be easier to main-
tain and more reliable than conven-
tional systems.

To feed the below-ground array,
GD/E engineers propose multiple
amplifier tubes in separate parallel
transmission lines. A 1,000-element
array, with each element radiating
1-Mw peak power for a total radi-
ated beam of 1,000 Mw, is conceiv-
able, it was stated.
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WESCON Sets New

Show 1is judged the
best yet, in technical
interest and attendance

SILICON planar epitaxial pnpn
3-terminal switch by Sylvania (see
p 60, Aug. 10)

HIGH SPEED memory exerciser
and 1-psec memory consoles control
unit having storage capacity of
4,096 56-bit words, introduced by
Indiana General
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LOS ANGELES—As WESCON
registration desks closed down last
week, it was clear that the 1962
show was the largest yet. Attend-
ance figures hit a new high of
46,184 and the general consensus
was that the caliber of technical
sessions and effectiveness of prod-
uct display reached new peaks.

Two interesting trends were in
evidence. Integrated circuits are
being subjected to the same sort
of price war that has plagued the
semiconductor business over the
past several months, and lasers are
coming of age with the availability
of reliable, commercially available,
continuous-wave devices.

Hughes Aircraft’s Malcolm Stitch
told ELECTRONICS that the big news
in lasers was “the emergence of
the c-w laser as a commercial off-
the-shelf item.” Hughes and a
couple of other companies an-
nounced new commercial models (p
7, Aug. 17). A dozen exhibitors
featured laser displays.

Most of the companies exhibiting
at WESCON announced their new
products in advance (ELECTRONICS,
p 30 and p 130, Aug. 10, and p 7,
Aug. 17), but there were a few
last minute entries.

SOLID-STATE—Motorola pre-
viewed a future line of off-the-shelf
digital and linear integrated cir-
cuits by showing a 120-Mc trans-
mitter-receiver developed under an
Air Force contract and a 30-stage
computer with a propagation delay
reported as only 6 nsec per logic de-
cision.

Motorola also displayed low-cost,
germanium  alloy-diffused  pnip
power transistors with breakdown
voltage ratings up to 160 v. Im-
proved characteristics are attribu-
ted to a relatively high-resistivity
intrinsic region between the base
and the collector. This region forms
a voltage barrier contributing to
breakdown voltage increases. A re-
duction in base width improved
frequency response.

CORE MEMORIES—Two firms,
Indiana General and Daystrom, in-

Records

troduced 1-usec read/restore core
memories. Daystrom’s has a capac-
ity of 4,096 56-bit words. A
word-organized system, using par-
tial-switching technique, it report-
edly has an access time of 0.6 usec,
and is highly insensitive to stray
noise.

IGC’s unit has a capacity of 2,048
56-bit words, and features access
times of 0.55 usec for full-cycle op-
eration and 0.50 usec for half-cycle
operation. High cycle speed is at-
tributed to a more efficient terminal
switching technique, in which pulse
width is adjusted instead of pulse
amplitude, and logic circuits using
the NOR-logic technique exclusively.

FREQUENCY SYNTHESIZER—
Another new product that attracted
considerable attention was Hoff-
man Electronics’ digital frequency
synthesizer, capable of generating
radio signals between 1.4 Mec and
35 Mc in increments as small as 10
cycles between 1.4 Mc and 7 Me,
and as small as 50 cycles between 7
Mec and 35 Me.

The heart of the low-cost unit
is a reference oscillator generating
a comparator signal stable to one
part in one billion per day. Output
signal stability is one part in 100
million per day.

FIELD EFFECT—Four p-channel
silicon planar diffused field-effect
transistors were shown by Texas
Instruments.

Parameters include input im-
pedance greater than 5 megohms at
1 Ke, noise figure at 1 K¢ from 1
db to 4 db, depending on which
model transistor is used, operation
in temperatures from —196 C to
200 C, and resistance to radiation
effects up to 10" neutrons/cm’.

TI’s new germanium alloy field-
effect transistors have minimum
input impedance of 1 megohm at
1 Ke and breakdown voltage of 60
volts at 100 wa. A grown-diffused
tetrode audio transistor features
minimum transconductance of 5,000
pwohms with guaranteed minimum
change of 20 db, higher gain con-
trol and a low maximum leakage of

electronics



80 na. A high-current solid-state
d-c switch has a single gate element
for both turn-on and turn-off.

TV DISPLAY—A character gener-
ator and display system, developed
by A. B. Dick Co., permits alpha-
numeric data presentation on con-
ventional off-the-shelf tv receivers.
The system accepts data from
punched cards, punched paper tape,
magnetic tape and memories.

The input can be loaded at rates
up to 250,000 characters a second.
The output signal is a composite
video signal: 0.5 v peak-to-peak
into a 75-ohm impedance and a
4-Mc bandwidth. Display is in tabu-
lar form, with 64 characters.

Voice-Analyzer Computer
Aids Communications R&D

BOSTON—The speech research lab-
oratory being completed at Air
Force Cambridge Research Labora-
tories includes a computer, built by
Melpar, that breaks down the
human voice spectrum into 400
basic patterns.

The speech-analyzing computer
is used in studies of complicated
speech waveforms to help the labs’
speech compression program. Ob-
jectives of the studies include deter-
mination of the minimum signal
for transmission and reception of
information.

Lunar Seismometer

to be
launched next year, will carry this

SURVEYOR moon probe,
lunar seismometer built by ITT

Federal Labs and designed by La-
mont Geological Observatory
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Film Dielectric
Displays

Unusual Stability
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A new duplex plastic film dielectric
developed and patented by the
Sprague Electric Co. displays prac-
tically a zero temperature coeffi-
cient of capacitance over operating
ranges up to 485 C. The retrace
on return to room temperature is
within + 0.10%.

This new dielectric is currently
being used in Sprague Electric’s
ISOFARAD Capacitors which are
finding wide application in critical
circuits of color TV receivers. The
insulation resistance and dielectric
absorption characteristics of these
capacitors approach those of poly-
styrene film capacitors. ISOFARAD
capacitors also are said to be supe-
rior to silvered mica capacitors in
insulation resistance. Their tubular
shape makes them more adaptable
than silvered mica units for machine
insertion on printed wiring boards.
For practical purposes, their capaci-
tance stability is equivalent to the
more expensive silvered mica units.

'Capacitor sections are of ex-
tended-foil design and are housed
in pre-molded phenolic shells with
plastic-resin end seals for protec-
tion against moisture and mechani-
cal damage. Standard ISOFARAD
Capacitors are rated at 500-volts
d-c and are available with capaci-
tance tolerances as close as + 5 %.

For complete technical data on
ISOFARAD Capacitors (Type
145P), write for Engineering Bul-
letin 2073A to Technical Literature
Section, Sprague Electric Company,
35 Marshall Street, North Adams,
Massachusetts.

45-248
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When You Need %
ELECTRIC WAVE FILTERS
Depend on Sprague for

V' SERVICE
¢’ DELIVERY"
V' RELIABILITY

Sprague Electric
Wave Filters for use in
telemetry, telephony,
and various types of
communications systems and labora-
tory equipment which require selection
and/or rejection of specific frequencies
are now being designed by Modern
Network Synthesis, which assures ex-
act matching of wave filter character-
istics to application requirements for
Low Pass, High Pass, Band Pass, and
Band Rejection filters.

Drawing on Sprague’s long
experience in component
manufacture, wave filter en-
gineers are able to employ capacitor,
inductor and resistor production fa-
cilities for particular sizes, shapes, and
materials best suited for specific filter
applications. Unlike most filter man-
ufacturers, Sprague is not dependent
upon other component suppliers,
therefore faster deliveries can be
provided.

To further Sprague
capabilities, wave filter
design and field engi-
neering offices as well
as pilot production
facilities are maintained in North
Adams, Mass.; Vandalia, Ohio; and
Los Angeles, Calif. Specialized mass
production facilities are located at
Visalia, Calif. and North Adams.

For additional information on
Sprague Electric Wave Filters, write
for Engineering Bulletin 46000 to
Technical Literature Section, Sprague
Electric Company, 35 Mar-
shall Street, North Adams,
Massachusetts. ¢

SPRAGUE

THE MARK OF RELIABILITY

45-444
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Will D-C Power Cause Interference?

Answer is sought in
tests with a 1.1-Mv
power line in Oregon

POWER TRANSMISSION at 1.1
million volts d-¢ will be tested in a
5-mile section of the Bonneville
Power Administration system in
Oregon. A major objective of the
tests will be the control of corona
and radio noise.

The system will operate at =550
Kv to ground, and radio noise must
not exceed 250 microvolts when
measured with a modified NEMA
circuit. The system must also be es-
sentially corona free at 900 Kv to
ground. About 13,560 silicon di-
odes in a full-wave bridge will be
used to convert the a-c to d-c (see
diagram). Typically, an inverter
circuit will be used to convert the
d-c to a-c at the load.

For a given amount of copper and
insulation, d-c lines can transmit
about 40 percent more power with
29 percent less loss than a-c¢, but
termination equipment is not as
fully developed and is more expen-
sive than for a-c. For overhead
lines, d-c transmission is cheaper
for distances greater than 300
miles; for land cables, d-c becomes
cheaper at 30 miles, and for under-
water cables at about 14 miles.

Equipment for the experimental
line will be of American design and
radio tests will be conducted with
conventional equipment. Allis-
Chalmers has received a $%-million
contract to supply equipment for
the a-c to d-c conversion.

Japanese Firms Increase
Electronic Output In ’61

JAPANESE ELECTRONICS output in-
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creased 20 percent to a total of $1.4
billion in 1961, reports the U. S.
Department of Commerce. Factory
output in 1960 was $1.2 billion.

Television receivers, more than a
third of the total 1961 output, rose
24 percent to 4.5 million units.
Sound recorders and reproducing
equipment increased 60 percent to
$42.3 million and radio-phono-
graphs increased 55 percent to $40
million.

Output of radios with three or
more transistors rose to 12.2 mil-
lion units, with output of radios of
one or two transistors estimated at
6 million units for 1961. Production
of tube-type radios dropped 15 per-
cent by volume and 26 percent by
value from 1960 levels.

Other components showing an in-
crease in unit production in 1961
include: transistors, up 29 percent;
diodes, 40 percent; silicon recti-
fiers, 170 percent; resistors, 42 per-
cent; capacitors, 35 percent, and
transformers, 95 percent.

Japan Plans Satellite
Broadcasts of Olympics

TOKYO—The Kokusai Denshin
Denwa Co., Japan’s overseas radio
and cable system, is trying to rent
from the Agricultural Ministry
land in Juocho, near Tokyo. KDD
wants the land to build a station
for worldwide live broadcasts, by
Telstar, during the 1964 Olympic
Games in Tokyo. KDD announced
plans and specifications for the sta-
tion recently (p 22, March 23).

(It was also announced in New
York that an IBM 1410 will be used
to compute the results of events,
transmitting them to scoreboards
and to the teletypewriter facilities
of news agencies.)

RADIATION RESISTANCE

Raychem wire and cable products, in-
cluding hook-up wire, coaxial cables,
and delay line cables, are highly re-
sistant to the damaging effects of
ionizing radiation present both in
outer space and in and around nu-

clear power generating systems.

Raychem's extensive experience in the
field of radiation chemistry has led to
the development of wire and cable
designed to be used in difficult radia-

tion environments.

Raychem radiation resistant wire and
cable products are being used by a
wide cross-section of industry, includ-
ing most NASA and military orbital
and space probe vehicles, as well as
the latest commercial communications

satellite.

®

RAYCHEM

CORPORATION

OAKSIDE AT NORTHSIDE
REOWOOD CITY, CALIF,
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radiation resistance

LEADER IN RADIATION CHEMISTRY
FOR ELECTRONIC WIRE AND CABLE

September 7, 1962

RAYCHEM

CORPORATION

®
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A pulse is a pulse is a pulse and so on.
The thought is enough to revulse, for anon,
One might collect an annuity, or tick,
Watching pulses in perpetuity. Just a flick
From sub-audio cycle to meg or whatever’s
Not a leap where one might break a leg, but endeavors,
Like transmitting contiguous giggles, all depend
On a fidgety hairline of wiggles, sans end.
In radars, computers or what-have-yous, there is need
For these travellers of elipsical av’nues. A strange breed
Of adventurous pulse and square wavers have become
These Heaviside habitues’ enslavers but to some,
As they study the scope screen concaved,
The enslavers are really the enslaved.

“WATCHING
PULSES IN
PERPETUITY”'?

MODEL PSG-1 Price: $690
Pulse and Square Wave Generator

« Frequency Range.....1 cycle to 1 Mc Like GASL’s own pulse watchers

. I’;u'se W:;d}tfhlsl . 0.1 usec to 0.3 sec. you’ll find the experience more re-
« Rise and Fall Time ......... 0.02 usec. : . > : R
o Also Available for Rack Mounting wardmgllmlth tge PG th ng;sbgi
Double Pulse Adapter PSG-1/D6$1,350  doconcy tuise Gyenerator or :
Also Available for Rack Mounting Pulse & Square Wave Generator.

Designed to meet exacting require-
ments for fast pulses with high out-
put power and rapid rise & fall time
in our own computer and radar sys-
tem work, they’ll add greater versa-
tility and reliability, in your labora-
tory, to a wide range of applications

MODEL PG-10 d 5 Eiy i
High Frequency Pulse Generator including: Timing, switching and
* Frequency Range ... .1 Mc to 20 Mc logic circuits, pulse circuitry and

* Rise and Fall Time .<7 nanosec.

* Also Available for Rack Mounting transformers, pulse modulation,

* Minimum Pulse Width: high or low frequency response and
o 8325 at high frequency many other uses in radar, computer,

e Iy_ov into 100 ohm load nuclear, video and T.V. work.

SEND FOR FULL SPECIFICATIONS AND
INFORMATION OR CALL FOR DEMONSTRATION

Pathways to Progress from the Ageless Truths of Technology

0 ‘GENERAL APPLIED SCIENCE LABORATORIES, INC.

’ Merrick and Stewart Avenues, Westbury, New York
. (516) EDgewood 3-6960
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MEETINGS AHEAD

EIA FALL CONFERENCE, Electronic In-
dustry Association; Biltmore Hotel,
New York City, Sept. 11-13.

ENGINEERING MANAGEMENT, IRE-PGEM,
AIEE et al; Hotel Roosevelt, New Or-
leans, La., Sept. 13-14.

ENGINEERING WRITING AND SPEECH
SYMPOSIUM, IRE-PGEWS; Mayflower
Hotel, Wash., D.C., Sept. 13-14.

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

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

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

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

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

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

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

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

AEROSPACE SCIENCES NATIONAL MEET-
ING, 1AS; Dallas, Texas, Oct. 4-5.

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

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

ADVANCE REPORT

SOLID-STATH CIRCUITS INTERNATIONAL CON-
FERENCE, IRE, AIEE, U. of Pennsylvania;
U. of Penn. and Sheraton Hotel, Phila-
delphia, Pa., Feb. 20-22, 1963. Nov. 1
is the deadline for submitting a 35-word
abstract and a 300-500 word summary
to: A. K. Rapp, Philco Scientific Labora-
tory, Blue Bell, Pa. Summary should
highlight contribution to the art and
include theoretical and experimental
reswlts when available. Fields of interest
include : solid-state microwave amplifica-
tion, oscillation ; solid-state data storage
and logic ; circuwit development providing
improvement in bandwidth, gain, noise
figure, stability, reliability; solid-state
devices performing an integrated circuit
function ; miecro-circuit techniques im-
proving system performance and relia-
bility ; new devices and device character-
ization ; solid-state techniques for
adaptive systems; quantum electronics;
eryogenics ; optoelectronics.
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150% More Coverage

NEW CMC 25mc COUNTER

In other words, CMC gives you a high reliability, all solid state 25 mc

Universal Counter-Timer at the same price you’d pay elsewhere for

only 10 mc coverage.

Specifications

Model 727B Series F
Universal Counter-Timer

Specifically: Our new Model 727B Series F Universal Counter-Timer,
dc to 25 mc, costs $2,370 with inline Nixie readout, only $2,195 with
vertical decade readout.

RANGE
5 . 8 . Frequency
And, we're quoting 4 week delivery after your order arrives. de to 25 mc
The 727B Series F provides direct digital readings of frequency, period T iene e Peien

0.3 psec to 108 seconds

ACCURACIES

and time interval measurements, performing seven basic functions from
a front ‘panel switch. Advan.ce.:d com.puter-loglc circuitry, decade count- +1 count = esclllator securacy
down time base that ends divider drift once and for all, BCD output on +0.1 usec * oscillator accuracy
rear for printers, etc., provision for remote programming and 2 year (= trigger level error for
warranty are standard on this and all CMC universal solid state units. pariad & Ti)

CMC also offers a new 25 mc Frequency-Period Counter, Model 707B
Series F. For details on both 25 mc units, please write Computer Meas-
urements Company, 12970 Bradley Avenue, San Fernando, California.

'HAVE OUR NEW CATALOG?

Ask your representative or
Wil & vont fise tocl of [HI Computer Measurements Co.

A DIVISION OF PACIFIC INDUSTRIES, INC.

12970 BRADLEY AVENUE « SAN FERNANDO, CALIFORNIA,
TELEPHONE: (213) EM 7-2161 ¢ TWX: SNFD 9851

CMC'’s 1962 digital instrumen-
tation catalog, describing the
industry’s most complete line of
solid state electronic counters.
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The Electronics and Conirol Engineers’

How much will

your success in engineering

depend on having
the right books?

Book Club

helps you keep ahead in your field . . . al a savings

Modern
Transistie
Circuits |

MAGHETIC
RECORDING
TECHMIGUES

Start your membership with any
of these selections:

Electronic Switching, Tim-
ing, and Pulse Circuits by
. M. Pettit. Provides a
practical understanding of
operation of complex cir-
cuits.

Publisher’s Price, $8.50
Club Price, $7.25

Information Transmission,
Modulation, and Noise by
M. Schwartz. A unified ap-
proach to communication
systems.

Publisher’s Price, $11.75
Club Price, $9.95

Mathematics for Electronics
with Applications by H. M
Nodelman and F. W. Smith,
Jr. Methods for solving
practical problems.

Publisher’s Price, $7.00
Club Price, $5.95

Digital Computer and Con-
trol Engineering by R. S.
Ledley. Full coverage from
basic electronic design to
advanced programming tech-
niques.

Publisher’s Price, $14.50
Club Price, $12.35

Modern Transistor Circuits
by J. Carroll. Presents al-
most 200 modern transistor
circuits in 101 separate
articles.

Publisher’s Price, $9.00
Club Price, $7.65

Magnetic Recording Tech-
niques by W. E. Stewart.
Full description of magnetic
recording methods and de-
vices.

Publisher’s Price, $9.00
Club Price, $7.65

Wave Generation and Shap-
ing by L. Strauss. Essential
features and techniques of
practical wave-generating
and -shaping circuits.

Publisher’s Price, $12.50
Club Price, $10.65
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Your engineering career owes a great deal
to books. Why not take advantage of this
convenient, economical way to have the
best professional books available when you
need them? THE ELECTRONICS AND CONTROL
ENGINFERS” Book CLUB brings you the es-
sential technical literature in your field. It
also helps you overcome today’s high cost
of building a professional library by saving
you an average of 159, from publisher’s
prices.

How the Club Operates. You regularly
receive free of charge The Electronics and
Control Engineers’ Book Bulletin. This
gives complete advance notice of the next
selection-of-the-month, as well as many
alternate selections. If you want the main
selection you do nothing; the book will be
mailed to you. If you want an alternate se-
lection—or no book at all—you can notify
the Club by returning the convenient card
enclosed with each Bulletin.

Saves You Time and Money. You agree
only to the purchase of three books in a
year. Certainly out of the large number of
books in your field offered in any twelve
months there are at least three you would
buy anyway. By joining the Club you save
both money and the trouble of searching.

Send No Money Now. Just check the book
you want as your first selection on the
coupon below. With it you will be sent
Electronic D()siqnen Handbook for only
one dollar. Take advantage of this offer
and receive two books for less than the
regular price of one. (If coupon is de-
tached, write to The Electronics and
Control Engineers’ Book Club, Dept.
L-9-7, 330 W. 42nd St., New York 36, N. Y.)

ACCEPT THIS
$17.50 BOOK

st #P00
with membership in

The Electronics and
Control Engineers’
Book Club

ELECTRONIC DESIGNERS’ HANDBOOK

By R. W. Landee, D. C. Davis,
and A. P. Albrecht"

Provides fundamentals and data to help you
in the design of all types of electronic equip-
ment. A large number of the circuits used in
many different applications are covered, to-
gether with theoretical and technical discus-
sions and explanations, design examples to
show application of theory, and graphical and
tabular data needed in day-to-day design work.

Electronic Designers’ Handbook is typical of
the selections of TuHeE ErLecTRONICS AND CON-
TROL ENGINEERS’ Book Crus. All books are
chosen by qualified editors and consultants,
Their thoroughgoing understanding of the
standards and values of the literature in your
field guarantees the authoritativeness of the
selections.

NOTE: If you already own this
volume, you may substitute any
other book on this page as your
DOLLAR book. Check two books
below and you will receive the
higher priced selection for only
$1.00.

LIP AND MA THIS COUPON TOD

The Electronics and Control Engineers’ Book Club, Dept. L-9-7

330 West 42nd Street, New York 36,

Please enroll me as a member of The hlmnomca and Control Engi-
You will bill me for my first selection indicated
at right at the special club price and $1 for Electronic Designers’
plus few cents delivery costs.
Fortheoming selections

neers’ Book Club.

Handhook (or alternate choice),
('lub assumes this charge on pn-p.nd orders.)
will be describ

(Thls offer good in U. S. only.)
PLEASE PRINT

ed in advance and T may decline any hook. B
take only 3 selections or alternates in 12 months of membership.

Send as my first selection: (If
more than one book is checked we
will send the higher priced selection
as vour $1.00 book.)

(The [ Electronic Switching, Timing, and
Pulse Circuits, $7.25

I need {1 Information Transmission, Modula-
tion, and Noise, $9.95

[ Mathematics for Electronics with

|
|
i
|
|
|
|
Applications, $5.95 |
|
|
|
|
|
|

NAMO: o:isivssemiase sEash e eivase sessseresesseses s savaenne ] Digital Compnter and Control Engi-
neering, $12.
T N I T e B sval g A i al R TR - -
] Modern Transistor Circuits, $7.65

CHY. i cvanivnisenissssens sl ealaiiales Zone...... State. vessiiainen ] Magnetic Recording Techniques, $7.65
COMPERY. 5y s onis 5005 510/ 00 8 ST o o8 o3 S ST b e s s e R e N % (1 Wave Generation and Shaping, $10.65

If not completel atisfied, you may rveturn your first shipment within 10 days
NO RISK GUARANTEE: and your membership will be canceled. L-9-7
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Moving air is easy... controlling it takes an expert

This happy fella has blown smoke rings for millions of people who accept it as

part of the excitement of Times Square. The imaginative engineering that went

into his creation isn’t given a second thought. That's the way it is with a skillful X _

design. It is efficient, practical and taken for granted. That's the way we find it : V e il TORRINGTON
in our business of designing and building all types of air moving units. We con- i 2

sider it high praise when we are told we have created a simple design. Write for

Brochure 102 to the Torrington Manufacturing Company, Torrington, Conn.




INTRODUCING

...THE SPEER

WATT RESISTOR

Speer’s newly-developed RC 07 1/4 watt resistors—available in a range of values
from 10 ohms and up—to meet or exceed all MIL-R-11D specifications. What's your
chief concern—load life? Moisture resistance? Temperature coefficient?

TYPICAL LOAD LIFE RESULTS

TYPICAL RESULTS OF TEMPERATURE COEFFICIENT AND MOISTURE RESISTANCE TESTS

MOISTURE
3 +10 RAG;;(;E RESISTANCE TEMP. CHARACTERISTICS RESISTANCE
]
zt —150C —550C 650C 1050C MAX.
Pagm] 100
02
w 80"
wa 0
a 40
Zz
;"’ -10 20-
1000 2000 3000 w 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
TEST HOURS Graphs depict Maximum % changes on ten units. 100% represents Maximum allowable change
per MIL-R-11D. 1. 10 ohm 2. 270K ohm 3. 1 Megohm

How does Speer do it? All this is made possible by
Speer’s intensive research and development program
and an unsurpassed quality control and inspection
system that subjects resistors to rigorous control
every step of the way from incoming raw materials to
final shipment of finished product. Would you like
to see certified test data? A request on your company
letterhead will bring it. Have you seen “How a Speer

Resistor Wins its Stripes”’? Ask your Speer Represen-
tative to arrange a showing of this film of Speer's
Q. C. & I. system. Ask your Speer Representative to
arrange for samples, too. Most values available from
stock right now.

—{Ill}

| X |
[ [
157+ .128" 250" =031
LEAD LENGTH BODY LENGTH

-
(O
080" +.008"”
DIAMETER

g BRADFORD, PENNSYLVANIA

SPEER CARBON CO. IS A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED.
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Of interest to engineers and scientists
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ROMAGNETIC WINDOWS

.-one of more than-500 R & D programs-un

.31
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Douglas is engaged 1n an intensive program to 0 care'er"'intgrest"ta"fe'ngi‘ne'e’rs*‘a‘n'd' ‘scientists
furthe; de{relopment of radom esandantennasDougasmsapklr g.electroni 1s___,s])ec;i;.;,],lstsh_ar d
that wﬂl operate with precision in high per- others with disciplines related to aerospace at
form nce missile and re-entry vehicle all degree and experience levels. Apphcants can
a phcatxons be assured of s-timulating-work-assxgnmentsaﬂd
e following are a few of the areas under wide professional growth opportuni i
investigation: methods of radome construction pértic ipate in vital defense, space

-

to extend |the usetulness of presently Know1 commerclal programs. oome of these under-

materials-to temperatures beyond. presentstate« ....... | takings. extend 10. years into.the future.
of ‘the art limits; new materials that will pro- Send u& your resume or fill out and mail the

vide “‘see through’ cagablhtles at temlmratmes coupon. Wlthm 15 day§ from the receipt of

all the way u '; methods-of measur- your- lletter, we will send-you specific-informa-

ing elegtn;;al prop: of d__1elegtnc materials tion on opportunities in your field at Douglas.
at elev ated temperatures |

rgency of th]s resear('h 1s emphas1zed b3

Mr. F. V. Edmonds F-8

4"

ﬂw- mache}nmal and- electncal m adequacy

fibre-laminates at the temperature levels o Missile and Space Systems Division

-

uuuglas Aircraft *Com pany

high-speed technology. 3000 Oncean Park Boulevard

Santa Momca California

Please send me full information on profes-

/(

sional-opportunities in-my-field-at-Douglas.

g

4

Name

Engineering or
lentific-field.

DOUGLAS e

Address

MISSILE & SPACE 5YS TEMS OIvISION

City. i Stat

[ e e e e e e e e e s e e e ) e
L N S SUD PRI SR DU N M ey

An equdl opport .mlty employer

e T —

September 7. 1962




To Contractors and Subcontractors on U. S. Government Projects

HIGH-RELIABILITY
RECTIFIER DIODES

Available from Western Electric’s Laureldale Plant: the USA 1N1415, USA 1N673 and USA IN947—
developed and fully tested by Bell Telephone Laboratories. These diffused silicon diodes will operate
efficiently at temperatures up to 200°C. and are useful in many general rectifier applications.

ELECTRICAL CHARACTERISTICS MAXIMUM RATINGS AT 25°C.
BV VF Is '
IR IF VR P IF | if
Min @ Max @ Max @ (Surge)
uAdc Adc Vdc Watts A
Vdc Vdc uAdc a
USA 1N673 400 10 1.0 0.4 2.0 320 0.4 0.4 3.0
USA 1N947 600 10 1.0 0.4 2.0 480 0.4 0.4 3.0
USA 1N1415 400 10 i % | 1.0 2.0 320 1.0 1.0 10.0

TYPICAL CIRCUIT DEMONSTRATING CAPABILITIES

¢1 g“ : O+1 o Output ripple is ~ 49% without filter
6-PHASE POWER SUPPLY OUTPUT AT 65°C.
— O RECTIFIER V (max) | | (max)
; g " =3 TYPE out out
¢2 o
USA 1N673 200V 2A
:3 Al USA 1N947 300V 2A
¢3 USA 1N1415 200V 5A

These rectifier diodes may be purchased in quantity from Western Electric’s Laureldale Plant. For addi-
tional information, price and delivery on these and other W.E.-Laureldale devices, write to Sales Dept.,
Room 102, Western Electric Co., Inc., Laureldale, Pa. Or call . . . Area Code 215—929-5811.

LAURELDALE PLANT

MAKER OF ELECTRON PRODUCTS MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM
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versity Radio Observatory, Delaware, Ohio—F'ig. 1

360-FOOT FIXED PARABOLOID over ground plane, scanned by tilting flat plate at right, at the Ohio State Uni- '

electronics
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Modern Antennas in
Space Communications

Space-vehicle tracking and
commumnications require antennas
with greater resolving power,
higher gain and improved
scanming capability,; here is

how some mew designs measure up

By CARLYLE J. SLETTEN
Air Force Cambridge Research Labs.
L. G. Hanscom Field,
Bedford, Mass.

ANTENNAS with ever increasing range and resolving
power are needed for locating and communicating with
space vehicles. Strange, noisy signals emanating from
cosmic processes in our solar system and in interstellar
space are of interest to physicists and radio astron-
omers. Powerful radars capable of reflecting detectable
signals from distant planets also require extremely large
antennas. For all these purposes, the premium is on
increased antenna aperture size.

Aperture size, frequency, and dimensional tolerance
all affect antenna performance or capability to pene-
trate deeply into space."”* Antenna size cannot be in-
creased without encountering severe engineering as well
as economic constraints. A method for distributing
radiation to or gathering radiation from large antenna
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apertures with low losses and coherent phase must
be available. Below frequencies of about 500 Mc,
transmission lines may be used efficiently to feed radiat-
ing elements directly; above these frequencies, shaped
reflector surfaces fed through the air by techniques
similar to optical reflectors are usually best. The phys-
ical position of most portions of the reflector surface
must be held to within about \/8 of the design dimen-
sions to make effective use of such reflector antenna
apertures.

Fortunately, space antennas do not require rapid
beam steering capability, for objects in deep space can-
not have large angular velocities relative to an earth
observer. The principal scanning problem is to counter-
act the rotation of the earth. Such space antennas
should have horizon-to-horizon scan in the east-west
plane with modest scanning ability in north-south di-
rections, since most of the scientific investigations will
be done in the plane of the ecliptic. A more vexing
problem is to measure the true bearing of the extremely
narrow antenna beams and to search and map the vast
heavens. The frequencies available for this space
function are restricted by the losses, refraction and
scintillation caused by the earth’s atmosphere and iono-
sphere. The random fluctuations in these veiling gases
may set an upper bound to antenna size much as seeing
does for optical lenses. For the foreseeable future, how-

40
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SIDELOBE CORRECTING
THREE -HORN FEED FOR
PARABOLIC TORUS REFLECTOR

MISSILE DETECTION antenna re-
flector at BMEWS station, Clear,
Alaska, weighs 900 tons, is supported
by twenty 70-foot steel backstays (A).
The principle of this parabolic torus
antenna is illustrated in (B)—Fig. 2

ever, the fundamental constraint is one of aperture cost.

THE UPWARD LOOK—Air-breathing vehicles must re-
main relatively near the surface of the earth. The ele-
vation angles of interest for radar detection and com-
munication with aircraft are therefore concentrated near
the horizon. Communication with ground stations
through the ionosphere requires antennas with beams
concentrated along the horizon with, perhaps, provision
for azimuth scanning. These conditions have led to
development of antennas on high towers for azimuth
scanning at low-angle elevation coverage, circular arrays
or Wullenweber antennas for azimuth scanning, and
csc’®@-shaped patterns on search radars looking along
the earth’s surface.

Ballistic missiles, satellites and space ships can be lo-
cated at great distances from the antenna at high eleva-
tion angles as well as low. Hemispherical cover is now
needed in addition to good horizon coverage. Missiles,
satellites and space rockets in general have basically
changed the antenna’s physical attitude as well as en-
larging the interesting regions of angular coverage. The
demands of the space era require bigger antenna aper-
tures in new configurations relative to the earth.

ANTENNAS FOR LOW-NOISE RECEIVERS—AI-
though recent advances in rocketry and space technology

electronics



RELATIVE POWER ONE WAY (db)

The Eyes and Ears of Modern Systems

ANTENNAS play a dominant role in the technological
revolution sweeping the earth, because they are the eyes
of the giant systems of search and communication man
is using to augment his own biological senses. Most
modern systems have no other sensory organs tlan the
antennas, and, especially in space, intelligence can be
conveyed only through antennas.

The forces pressing for better antennas are both sci-
entific and economic. Economic pressure will inevitably
steer us to simple, direct answers. “Ultimate Systems”
with great versatility and high cost will usually be replaced
by simpler antennas performing the diverse antenna func-
tions more economically

THREE HORN
CORRECTED FEED

iz’ 6° o° 6° 12 te*  oge

SIDE-LOBE REDUCTION due to corrected feed of
antenna in Fig. 2—F1g. 8

have profoundly affected radiating systems, one elec-
tronic discovery has had an important effect on antenna
design. The maser or modern low-noise solid-state re-
ceiver has reduced the noise figure of the communicator
or radar receiver below that of the antenna and its en-
virons. Antenna surfaces are really cold in that they
produce very little of the thermal noise entering the
receiver. However, part of the antenna’s job is to
protect the receiver (antenna terminals) from thermal
sources radiating from unwanted directions. It is com-
mon practice to measure antenna patterns on especially
clean antenna ranges that approximate free space and
then locate antennas near buildings, towers, or hills which
cause serious spurious lobes and pattern distortion. The
problem of thermal noise injection through the antenna
cannot be so easily ignored as other aspects of antenna
siting have been. The total spherical angular response
of the antenna must be controlled to protect the maser
from hot sources on the earth or in the sky. All lossy
paths leading to the receiver must also be eliminated.
In particular, the large-aperture antennas built from
necessity on the earth suggest the attractive possibility
of smoothing the nearby terrain so that it will act as a
perfect reflector at the low angles seen from the antenna.

VARIABLE FOCUSING ANTENNAS—It is not gen-
erally appreciated that focused aperture antennas can
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transmit power with efficiencies of over 50 percent when
located in the near field of each other. Remembering
that near field regions are usually defined as

2D

R = )\

where R is the range within near field, D is the aperture
size and X is wavelength, there are antennas today that
have near-field regions extending several hundred miles.

It might become practical to transmit electrical energy
between points on earth or from earth to space by focused
microwave antennas.

Another functional requirement is the need to resolve
and identify missiles and other targets populating space
and the atmosphere. An antenna focused on a target in
the near zone (or Fresnel zone) can resolve the target’s
angular position much more accurately than when, as
is usually the case, the antenna is focused at infinity.

INCREASED INFORMATION RATES—Compound-
ing the difficulties confronting the antenna designer is
the need to gather more information in a shorter time.
The number of objects orbiting the earth is increasing
rapidly. Faster missiles and aircraft accompanied by
debris and decoys require more data capacity. Additional
bandwidth is desirable to permit more channels per
antenna for communication. Not only is frequency shift-
ing necessary to keep pace with the daily vagaries of the
ionosphere, but many military missions require the use
and search of large chunks of the radio spectrum.

Other antenna design goals implicit in the quest for
more information-gathering ability involve volume search
of space suited to the functions being performed. One
simple, favored solution is to make the antenna omni-
directional or as near to covering all directions in space
as is theoretically possible. Obviously, it yields no an-
gular position data on sources of radiation. From here
on the game is played by systems designer and antenna
engineer in trading off antenna beam shape, antenna
gain, signal and antenna bandwidth, time on target, and
multi-terminal or several antenna operations, against
the functional needs or knowledge of source distribution.

Finally, not only technological and economic con-
siderations influence antenna design, but also certain
social and stylistic forces come into play. Each bureau,
agency and company scientist likes to invent new antenna
methods and designs. The tendency to build the ultimate
antenna or system to solve a large class of problems
usually leads to large contracts and disappointment in
holding to schedules or performance specifications. Sim-
plicity of antenna principle and structure usually leads to
the greater satisfaction.

THE ROTATABLE PARABOLOIDAL DISHES—For
both optical and radio wavelengths, the parabolic reflector
has been developed to produce the greatest aperture gains
and narrowest (or smallest) pattern beamwidths. The
200-inch Mt. Palomar optical telescope has a theoretical
gain of 147 db and beamwidth of 5.7 x 107 degree
at 5,000 A and the 50-ft K,-band radio telescope at the
Naval Research Laboratory has a gain of 72 db and
beamwidth of 5,000 x 10 degree (or 3 minutes). No
design is simpler, for only a single reflector surface is
needed which focuses perfectly to a point. For all
wavelengths of interest the aperture size of the parab-
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oloidal surface has been pushed to the limits of the
materials used. The effective gain or electromagnetic-
wave-gathering ability of the reflector depends on choos-
ing shape and maintaining tolerances so that energy is
collected in phase at the focus. The fact that materials
bend when rotated in the earth’s gravitational field is
a fundamental obstacle to increasing the size of dishes
relative to operating wavelengths beyond present sizes.?

The paraboloid has received a lot of design attention
to increase its aperture size. One approach has been
to compensate mechanically for the flexure deforma-
tion caused by weight.”®

A good method for achieving some scanning with a
fixed paraboloid is shown in Figure 1. This design,
used by Kraus of Ohio State University, is scanned in
the north-south direction by tilting a flat plate or mirror
in front of a fixed paraboloid mounted over a ground
plane on the earth. The antenna feed is also moved to
get limited sean in the East--West plane.

WIDE ANGLE REFLECTORS—The surprising aspect
of single-surface and paraboloidal reflector design is that
more attention has not been given to enlarging the focal
plane to permit scanning by feed motion only. One
notable success in improving the wide-angle capability
of reflector antennas is the parabolic torus antenna pio-
neered by Naval Research Laboratory.” This reflector
surface (shown in Fig. 2A) is formed by rotating a para-
bolic curve about a point on the parabolic axis approx-
imately 2 focal lengths from the vertex of the generating
parabola. Figures 2B and 3 illustrate a method of side
lobe reduction based on the successful application of
the “transverse correction” technique which is strongly
advocated below. This reflector has a wide focal region
in one plane which makes it convenient for azimuthal
scan or generation of elevation search pattern. This
antenna has several interesting variants. The generating
curve can be swung in a 360-deg arc forming a closed
concave surface and when the reflector mesh is com-
posed of rods inclined 45-deg with a plane through the
focal region, 360-deg scan is possible for radiation
polarized 45-deg from the vertical. An exterior para-
bolic torus produced by rotating a parabolic curve
in a circle with the focus directed outward from the
center of the circle is also a useful antenna requiring a
phased line rather than a point source feed. Because
these torus designs are not perfectly focused in the
optical sense their usefulness as big antennas is limited.

CYLINDRICAL REFLECTORS—Another approach to
big-dish design makes use of parabolic cylinders." The
designer reasons that he can afford to design one scan-
ning line source to obtain beam steering in one plane
with a singly curved reflector surface. One of the first
big antennas using this principle was called VOLIR.’
Here a wide-angle lens radiating from a line in the
focus of a parabolic cylinder provides an attractive
multilobe pattern. The success of such designs depends
largely on the source design. Slotted waveguide arrays
scanned by linear variation of phase velocity along the
feeding guide is the usual approach at microwaves. An
open structure like the trough guide" is attractive be-
cause phase velocity and radiation coupling can be
independently adjusted with low ohmic losses and good
impedance qualities as the beam is scanned through
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GREGORIAN CORRECTOR for use with spherical re-
flector antenna to correct spherical aberrations—Fig. 4

broadside. At uhf frequencies, moving dipoles coupled to
a two-wire line” might be a logical scanning line source.

THE MULTIPLATE ANTENNA—The most recent re-
flector system and the one that appears likely to provide
the biggest of all antenna apertures is the multiplate an-
tenna.® This design involves building up a focusing re-
flector using many flat plates located on the ground along
an arbitrary surface. Energy is collected in phase by
proper rotation and translation of each reflector surface
corresponding to pointing the beam in a desired direction.
The cover shows a drawing of an antenna designed along
these principles. The great advantage of this antenna for
building colossal apertures is that the tolerance and motion
problems are solved piecewise for flat elemental reflectors
firmly fixed to the earth. Cost per unit area is low,
instructions for positioning each reflector are simple and
progress regularly across the aperture, and the inertia of
each element is small so scanning can be done rapidly.

A large cone angle of the sky (half cone angle exceed-
ing 45-deg) can be scanned with little loss of aperture
efficiency. The antenna can be variably focused to im-
prove angular discrimination in the near zone, which can
easily extend out an earth radius or more. Fan-shaped
beams can be produced by position instructions to the
plates. Substantial amounts of r-f power can be fed to
the antenna through multiple horns on a feeding tower.
Difficulties exist in screening the radio receiver from the
warm earth seen through the interstices between reflectors,
and in preventing the regular stepped segments from
building up far-outside lobes or grating lobes.

The multiplate antenna is related to several other
designs which are also contenders for the big antenna
class. A spherical mirror® can be corrected by stepping
in A/ 2 steps and making each radiating rim flat. Another
diffraction type antenna based on the Fresnel zone plate is
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suited to making big apertures for millimeter wavelengths.
A millimeter wave lens designed at ECI" gets good aper-
ture efficiency by using A/2 phase reversing steps.

SCANNING THE FIXED SPHERICAL REFLECTOR
—The wide-angle or broad focusing capability of a con-
cave spherical cap has excited the interest of optical de-
signers for many years. To correct the spherical aberra-
tion of this mirror for operation at optical wavelengths,
correcting dielectric lenses have been designed for use
both in front of and behind the approximate or paraxial
focus located one half radius from the surface. Perhaps
the most successful corrector is the Schmidt lens” with
the Mangin mirror® also receiving recent attention from
microwave lens designers. Roy C. Spencer noted” in 1949
that the caustic or focal plane of a sphere has a degenerate
line along the radius directed toward the main beam. He
suggested that at microwave frequencies the phase and
amplitude distribution along the radius could be con-
trolled by antenna array techniques. When such arrays
are fed near the paraxial focus, a phase velocity greater
than the velocity of light is required. So various wave-
guide feeds with slot or dipole radiators and variable
phase loading have been tried to achieve a one-dimen-
sional or line source corrector for the spherical cap. A
representative successful design* produced good quality
patterns with 15 minutes of arc beamwidth. Phasing is
achieved using a channel guide" with outboard feeds in
the paraxial region to provide proper amplitude taper
across the aperture. A circularly polarized feed was
designed by Technical Research Group for the 1,000-ft
antenna at Arecibo, Puerto Rico.” ***® The literature
contains further details on line source design.

The line source corrected fixed sphere can be scanned
in a half cone of 20 to 45 deg with a small amount of
aperture loss or sidelobe deterioration. The correction
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CURVED-LINE source feed for tricoordinate radar an-
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works perfectly in the optical sense as A\ — 0 so the beam-
width or gain limit depends on tolerances in the reflector
screen an dthe ability to support and locate the feed with
precision. Pattern bandwidth is restricted by most wave-
guide feeds which do not keep the phase along the feed
according to Spencer’s curve (a rigorous solution to the
fields along a sphere radius has been achieved by A. C.
Schell) for large departures from the design frequency.
Because most feed designs are traveling-wave arrays with
matched loads, the impedance bandwidths are good. By
building in compensating line lengths to each of the radia-
tion elements, Wiley” is producing a broadband solution
for phased line sources.

Another approach to broadband feeding of a sphere
makes use of a Gregorian or auxiliary reflector.® This
correcting system is also perfect in the small wavelength
(narrow beamwidth) limit and an example of such a cor-
rector is Fig. 4. In fact a line source distribution of fairly
arbitrary phase can be produced by a generating curve
fed by a point source. When the feed position and re-
flector size are adjusted for minimum aperture blocking
and compactness, the corrector tends to produce an
inverse aperture taper on the large spherical mirror.
This high sidelobe (—10 to —15 db down) pattern is near
optimum® for radio astronomy purposes but not so good
for radar scanning.

There are one-dimensional (line sources), two-dimen-
sional (Gregorian corrector reflectors), and three-dimen-
sional structures (Schmidt lenses for example) available
for feeding and scanning large spheres. These provide a
variety of correcting schemes. However, a method of
transverse correction that lends itself to multiple feeds
(multiport) use may eventually win out.

REFLECTORS WITH HIGH INFORMATION RATES
—Focusing antennas can produce shaped beams by ex-
tending the feed source or sources in the focal plane. It
is convenient to form a csc® @ pattern, where © is the ele-
vation angle, by extending the feed source along a line of
sharp azimuth focus. By using a portion of the paraboloid
reflector surface above the vertex, an off-axis or no-aper-
ture blocking solution can be obtained. It turns out that
the proper location for such a feed is along a straight line
passing through the focus parallel to a tangent to the mid-
point of the paraboloidal section. Although positioning
the line source below the focus results in low aperture
blocking and improved impedance characteristics, extend-
ing the feed sources in a line in front of the reflector aper-
ture gives better patterns from each source. In fact it
can be shown that an off-axis section of a paraboloid has
two focal points—a true focus and a zero astigmatism
focus. Good antenna patterns over a 60-deg sector can
be obtained using the proper focal region. Radiating ele-
ments such as slots on a waveguide should be phased with
respect to each other to focus the array energy at the mid-
point. Because of the rotational symmetry of the para-
boloid, two or more beams can be rotated about the focus
to form V-beams in space from a single reflector.”
These shaped beams are formed by feeding the appro-
priate power to elemental radiators in the focal region of
a focusing lens or reflector. The image of this object dis-
tribution is formed at infinity or, practically speaking, in
the far field of the antenna. In optical systems, the rela-
tive ‘phase of sources in the focal region is usually not
controllable on a point-to-point basis. The beam-shaping
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on a paraboloid is best accomplished by focusing (phas-
ing) the line source toward a central spot on the reflector.
On certain wide-angle lenses and reflectors like the sphere
or parabolic torus, this focusing or phasing relation be-
tween feeding radiators can be relaxed and good patterns
are still produced. Under these conditions, relative phase
between sources in the focal region can control the phase-
in-space of the antenna patterns. This result can be
achieved by connecting together a row (or any regular
configuration) of point sources in the focal region by a
traveling-wave feed line with terminals at either end. Now
the signal received by a given point source, corresponding
to a given beam direction, will arrive at different terminals
of the feeding line with different phases. Thus the angular
direction of an arriving plane wave received by a broad-
shaped pattern can be measured with considerable ac-
curacy. If the point-source radiators are progressively
phased & degrees apart, the change in phase between the
two terminals will be 28 degrees as the angle of plane-
wave incidence changes from focusing one point source
to an adjacent point source. Figure 5 shows such an
antenna operating as a radar.

FLAT ARRAYS—AII the big antennas discussed so far
have the disadvantage that they require a feed structure
remote from the reflector surface to achieve the optical
illumination or feeding. Such feeding is cheap and re-
quires only optics and air (free space) to distribute the
power. However, a tower or feed suspension is usually
needed to view the radiators or reflectors that can for
convenience be arranged along the ground. Flat arrays
fed by transmission line offer competitive solutions when
the feeding transmission line is low loss and some form
of variable phasing or feeding can be accomplished. Dis-
tributed power sources and receivers are considered under
scanning. Below 500 Mc, two-wire transmission lines or
coaxial cable can be used efficiently to distribute power
and correctly phase dipole radiators. The really big an-
tennas of the Mills cross™ variety and billboard™ type are
constructed using feeders and power splitting (impedance
transforming) junctions. Although a large variety of
manual and solid-state phase shifters exist, the prospect
of stationing and controlling one such device at each of
the radiators in a large mattress-type array has discouraged
most workers so far. Gain is proportional to the number
of square wavelengths in the antenna aperture. To main-
tain and scan the antenna beam both on transmission and
reception, elements must be about /2 apart. A flat array
with n elements per row and m elements per column re-

A i =

DRANE-DAVENPORT interferometer using monlinear
processing of received signals—F'ig. 6
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quires m X n phase shifters to scan in more than one
plane. This means approximately 320,000 phase shifters
and radiators for 60 db antenna gain.

One solution combines the phase shifter and radiator.
Marston of Naval Research Laboratory® has shown that
by rotating spiral antenna elements, flat arrays capable of
beam scanning with circularly or linearly (variably)
polarized patterns can be achieved, and that such arrays
can be fed with a horn or point source, like a lens, as well
as by transmission line techniques.

The problem of scanning a rectangular planar array is
simplified (only n not n X m phase shifters are needed)
if phase shifters are used only along columns. The EIl
Campo, Texas solar radar uses this approach; its giant
antenna is scanned in the east-west plane by phase shifters
and in the north-south plane by manually changing the
phase to each dipole radiator.

Dipoles can be excited by proximity-coupling to a two-
wire line. This reduces the problem of controlled radia-
tion to its essentials, for two-wire line, dipole rods and
proper geometry are all that is required to build a linear
array. Controlled radiation from a transmission line3?
only has been achieved with some success and eliminates
the need for dipoles.

The proximity-coupled dipole can be scanned over 50
deg from the normal to the array by motion along the
two-wire feeders.” If transmission and reception is ac-
complished by feeding from both ends of the array, a
=+50 scan angle can be achieved. Dual-terminal feeding™
allows scanning of very large arrays using corporate struc-
ture phase shifters along the columns and by feed motion
on the rows resulting in large sector of solid angle cover-
age. The most attractive means for achieving the motion
of the dipoles appears to be either by relay-controlled
trolleys or by mounting them on a rubber belt. Such an-
tennas are contenders for the space era in that power
handling, pattern quality and gain, bandwidth and scan
rates are all acceptable for, say, satellite communication
in the 50 — 500 Mc band. Cross or variable polarization
is not possible, however.

INTERFEROMETERS—There is a class of antennas
with large overall dimensions whose apertures are not
completely filled with radiating elements. Usually the de-
signer of such antennas is more interested in angular
resolution than antenna gain. The gain of an antenna
array is proportional to the number of radiating elements
in the array assuming uniform distribution of power to
the elements and the beamwidth is related to the overall
dimension of the antenna in the plane in which the beam-
width is measured. To some extent the virtues of high-
gain aperture antennas and high resolving interferometers
can be achieved by separating two large aperture antennas
a long distance apart and producing fine interferometer
lobe structure within the broader beams of the aperture
antenna. This technique is being used at Big Pine, Cali-
fornia by California Tech. and near Great Malvern by
the Royal Radar Establishment in England. Sometimes
interferometers take the form of many moderately sized
apertures regularly and widely spaced to produce many
grating lobes. This approach is used by Stanford Uni-
versity?? and the Mendon Observatory, France.33

A number of ingenious methods have been advanced
for operating on the multilobe pattern characteristics of
interferometers to produce a single unambiguous beam.
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ADAPTIVE ANTENNA array of unequally spaced horns covering 100 wavelength aperture, capable of auto-
matically radiating the conjugate of a received wavefront to produce a focus at distant source. Developed at
Research Division, Electronics Communications, Inc., under contract with USAF Rome Air Development Center—Fig. 7

This goal can only be achieved on the receiving patterns
and it usually involves some nonlinear operation on the
signals. Walsh and Bond® achieved this result by multi-
plying together the two interference patterns produced by
interlaced gratings of different spacings. The net result is
an array of radiating elements much more widely spaced
than \/2, but with only one main beam. This pattern is
electronically steerable in azimuth and the condition for
nonambiguous pattern is maintained over a large band-
width. The Drane-Davenport®™ * antenna, a further devel-
opment of the Covington and Broten array, is also a linear
array of nonuniformly spaced elements producing a single
antenna beam (Fig. 6). This interferometer is made up
of a continuous section of \/2-spaced elements augmented
by a regular progression of widely separated radiators.
The signals received by these radiators are phase-modu-
lated, correlated, and then multiplied together to produce
a single beam. Another successful geometric arrangement
was devised at Stanford Research Institute” to produce a
single-beam widely-spaced interferometer. Workers at
Hughes Aircraft® have succeeded, through time modula-
tion and nonlinear processing, in getting beam scanning,
multilobe generation and pattern control.

One of the better conceptual studies showing the rela-
tion between antenna pattern and bandwidth of signals
received was accomplished at RADC” by N. J. Nilsson,
et al. When the spectrum and modulation of the radiated
signal can be controlled, as with a radar system, antenna
patterns can be significantly controlled by interferometer
configuration and signal modulation.

There is much active research going on in nonlinear
antennas.”” These antennas produce cross products which
can distort the information or target image when several
coherent or partially coherent signals are received. They
often lack gain, and signal-to-noise levels are not always
improved by the multiplication and correlation performed
to produce the antenna patterns. When interferometer
elements are spaced too far apart, random variations in the
atmosphere or ionosphere may reduce the seeing as on
large optical telescopes. This effect, of course, affects large
aperture antennas also. Very little reliable data on me-
dium effects at various frequencies exists, but for angles
near the earth’s horizon, there are probably existing an-
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tennas whose performance is degraded by lack of co-
herence across the large antenna dimension. The nature
of the linear and nonlinear antenna performance under
conditions of partial coherence is available through the
work of Parrent, Skinner, Shore and Drane.™ ** *

VOLTAGE AND CURRENT CONTROLLED PHASE
SHIFTERS—Replacing mechanical phase shifters in
planar arrays by current or voltage controlled phase
shifters offers the most obvious method for speeding up
scanning. A great deal of effort to produce ferrite phase
shifters has not resulted in completely reliable, tempera-
ture-insensitive, inexpensive components. Research on
voltage-controlled ferroelectric devices has been less ex-
tensive and one of the first successful voltage-controlled
scanning arrays* was reported in 1959. This antenna ar-
ray used varactor diodes as voltage-controlled phase shift-
ers. Research is continuing on materials for electronic
phase control in the transmission lines or guides feeding
antenna arrays. Perhaps some day it will be possible to
scan a large array carrying high r-f power with low loss
by simple voltage variation on the feed lines.

FREQUENCY SCANNING—Several methods of scan-
ning depend on the fact that as the frequency is varied
on a traveling-wave-type linear array, the phase between
elements changes, causing the beam to squint or move
slightly. This can be the basis for scanning the beam by
intensifying the effect through design. The desired an-
tenna performance is usually a liberal amount of beam
swing for a small amount of frequency change. Such ar-
rays and their feeding lines are called dispersive, for they
separate different frequencies into different beam direc-
tions, much as a dispersive glass prism separates the
colors in white light. In fact, frequency-scanned arrays
can be designed using waveguide type prisms, but it is
usually simpler to use another nuisance effect—the long
line effect—to produce dispersion. By connecting long
equal lengths of transmission line between adjacent radiat-
ing elements, very satisfactory beam scanning is achieved
with tolerable transmission losses.

PHASED ARRAYS—The main disadvantage of fre-
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AMPLITUDE SCANNED circular array of concentric
monopoles over a ground plane, University of Tennessee,
Knoxwville—F'ig. 8
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quency scan is the need to transmit or receive a wide
spectrum in order to scan the beam (or beams). This de-
fect is corrected in the next scheme to be discussed which
again makes use of dispersion in long lines to produce
phase shifts. But, by two mixing operations, the proper
increments of phase shift between radiators are generated
without any change in radiated frequency external to the
antenna.” As phase is preserved on mixing, it is possible
to change the frequency of a control signal and run it
through different lengths of dispersive line and then, by a
further mixing operation, obtain the original transmitted
frequency shifted in phase This is a successful way to
scan electronically and has the advantage that good fre-
quency stability accurately controls the beam position.
These c-w control frequencies (sine waves) can be dis-
tributed around a large antenna system with good fidelity
and in the presence of noise. However, now crystal mixers
or other nonlinear elements are needed which add to the
losses of the dispersive lines. The antenna is no longer
reciprocal, so special accommodations must be made for
scanning received and transmitted beams. This separation
of the transmission and receiving function provides op-
portunity to generate high transmission power by assign-
ing a power amplifier to each radiator element while
simultaneously scanning the same receiving pattern or
one different from the transmission pattern. The added
versatility, including self-adapting capabilities and design
flexibility (see Fig. 7) is obtained at a high cost per unit
area of antenna aperture.

INCREMENTAL FREQUENCY SCANNING—A dis-
tinctly different kind of frequency scan was appreciated
early by Roy C. Spencer at AFCRL, but has only recently
been developed. Scanning a phased array means tilting a
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REGION I

REGION I

PASSIVE, LINEAR ELECTRONIC SWITCH-
ING OPERATIONS
FUNCTIONS:

(1) VARIABLE NETWORKS AND SWITCHES
TO INTERCONNECT BEAMS FOR
BEST SCANNING AND SEARCH PAT-
TERNS

(2) PHASING CHANNELS TO PERMIT FO-
CUSING IN NEAR ZONE OF ANTENNA
APERTURE

REGION II

ELECTRONIC NONLINEAR PROCESSES
(MIXING AND AMPLIFICATION)

FUNCTIONS:

(1) PHASE COMPARISON FOR EXTRAC-
TING ANGLE DATA OUT OF WIDE
ANTENNA BEAMS

(2) MONOPULSE COMPAR
ACCURATE TRACKIN

PENDING UPON TARGET CHAR
TERISTICS

(4) AUTOMATIC CONTROL AND SELF-
ADAPTING TECHNIQUES (A)

FOCAL-REGION PROCESSING performs functions
listed in (A); the operations are illustrated on antenna
in (B) opposite page—Fig. 9

plane Huygens wave front from the antenna by linearly
increasing or decreasing the phase along the array. When
this is done at a uniform rate, the phase at each element
changes uniformly. This is tantamount to a change in
frequency at each element. Thus a phased array can be
made to scan at a uniform rate by increasing the fre-
quency at each progressive radiator by an amount Af.
Cottony at the Bureau of Standards has succeeded in pro-
ducing the harmonics Af, 2Af, 3Af, . .. .. NAf (where f
corresponds to the scan rate) and adding these to some
higher r-f frequency. Of course f and its family of har-
monics can be varied and the beam made to vary in
sweep speed. Cottony* actually modulated the local os-
cillators on the receivers attached to Yagi antennas ac-
cording to the NAf technique to provide a rapid beam
sweep.

AMPLITUDE SCAN—Electronic scanning methods dis-
cussed so far for steering beams or patterns from a fixed
array or aperture all depend on producing a variable
phase at the radiating elements while keeping the ampli-
tude or power at each radiator as constant as possible.
Beam scanning can be produced by maintaining the phase
fixed and varying the relative amplitude” from +1 to —1
to the radiators. It is convenient to vary the output of a
balanced amplifier from +1 to —1 by changing grid
voltages only. Such scanning methods can be adopted to
circular arrays (r— @ geometry) where the equal phase
elements easily developed by dispersive methods are not
adequate. Electronic scanning of circular arrays by phas-
ing methods can certainly be done. Mutual coupling
effects can be included in scanning circular arrays (it is
more difficult for linear or mattress arrays) and the Uni-
versity of Tennessee* has produced excellent sidelobes on
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electronically amplitude-scanned circular arrays (see Fig.
8). Schell “» ® has also shown that concentric loops and
corner reflectors can be scanned using amplitude scan
principles. For disadvantages, more radiators are re-
quired than for phased arrays, and each amplifier is not
used at full output at all times. It has been suggested
that the output of each amplifier be combined in a junc-
tion to produce a variable phase output and thus eliminate
Y2 of the radiators. However, such a junction has in-
tolerable reflection, or impedance, characteristics, and
adding the amplifier outputs in space has a fundamental
advantage. The second objection is not valid either be-
cause under rapid scan conditions, each tube can be used
up to its full plate dissipation and the maximum rating
from a common power supply can be utilized. Amplitude
scan and the related synthesis method permit an alternate
approach to scanning which has not been fully exploited.”

REFLECTOR ANTENNA AND FOCAL REGION—
Most reflector antennas have an efficiency of about 50
percent. This represents a 3-db loss or an antenna gain of
an ideal aperture one-half the size. This loss is due
principally to spillover—that is, energy which never strikes
the reflector in the optical method of feeding such re-
flectors. Such losses cannot be prevented by large direc-
tive feeds because severe amplitude tapering also causes
loss in gain. In addition, spillover energy usually inter-
cepts the warm lossy earth causing deterioration in the
noise temperature of the antenna.
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No one has found a cheaper and more satisfactory way
to produce a large aperture antenna than by using a single
metal reflector surface. As antennas get larger and
their beams sharper, optical errors force operation
closer to the focus. The total structures become harder
to move and maintain in phase coherence while being
moved. Although the gain and angular resolution become
phenomenally good, the search or surveillance capability
becomes poor. With the focal point and reflector in
motion, it becomes uncertain where the beam is pointing
when target acquisition is made.

What are the remedies? Both the optical telescope and
the human eye give some hints. In antenna language,
both photographic film and the retina of the eye are
multilobe, high-information-rate antennas. The reflector
telescope achieves its wide-angle capability by increasing
the focal length (focal lengths are usually 3 to 5 times
the aperture width for optical telescopes, whereas anten-
nas usually have F/D of 1/4 to 1/2). 1t is believed that
the eye achieves wide angle focusing by longitudinal
receptors called rods and cones. The long focal length
solution is impractical when extremely tall towers swinging
over fixed reflectors are envisioned. However, the design
used by Kraus® which has the focal axis on a metalized
ground plane can make use of the magnification and im-
proved wide angle performance of a long focal length.
Using the analogy of the eye, Spencer” suggested a longi-
tudinal corrector or line source for the spherical mirror.

Some effort to correct optical errors in the ubiquitous
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paraboloidal antenna was undertaken by calculating posi-
tion of high intensity ridge lines and placing phased line
sources along these curved longitudinally extending sur-
Unlike the spherical reflector, the paraboloid
caustic surface does not degenerate into lines, so that
while such correcting line sources markedly improve
patterns at wide angle from the axis direction, they do
not eliminate all optical errors and each beam direction
requires a different length of phased corrector.

Possibly the answer to getting an angular acuity and
information rate capability comparable to the eye or
optical telescope does not lie entirely in optical designs
In radio, there is the pos-
sibility of operating on the phase, amplitude and polariza-
tion of the fields in the focal region down to detail areas
Since the focal energy distribu-
tion is a Fourier transform of the incident (or desired)
energy distribution on the reflector aperture, it is possible
to selectively rephase and collect the focal energy to cor-
respond to a desired in-phase, amplitude-tapered aperture
distribution that in turn will give rise to the required far

faces.”

suitable for incoherent light.

about (3/4 \)* in size.

field patterns.

The question is:
and phase distortion in the transverse focal region be
processed out to restore the antenna patterns for off-axis
directions to their on-axis quality?
answer to date is a qualified yes.
in reducing objectionable side-lobe levels over both wide
angles and good frequency bands has been achieved by
inserting auxiliary feeds in the focal regions (see Fig. 3)
based on the location of the field distributions.™ *

This possibility of transverse correction—design of
compensating feed structures transverse to the axis of the
reflector or in the focal plane—is recommended as a high
payoff research topic. Figures 9A and B indicate the
sequence of processing operations and the beneficial
results to be obtained.

The author expresses his appreciation to the many
people in Electronics Research Directorate and in the
Electromagnetic Radiation Laboratory, AFCRL who
helped with the manuscript, especially L. M. Hollings-
worth, F. S. Holt, Charles Ellis, Allan Schell and Philipp
Blacksmith, Jr. for their criticism and corrections.

can the energy spread

The experimental
Remarkable success
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EQUIVALENT CIRCUIT of the
voltage-variable capacitor (A) and
Q-meter test method (B). The Q-
meter technique can measure capa-
citances up to 460 pf, which is
higher than is available now in com-
mercial devices—F'ig. 1

(B)
HI VOLTAGE - VARIABLE CAPACITOR
e (T
| | ANEA
I b
_g y D~C
- BIAS
7 SUPPDLY
I |
| I
SIS S —,
LO
Q METER

Three Ways to Measure
VARACTORS OF THE FUTURE

Of three common techniques used to measure the

parameters of wvoltage-variable capacitors, the

Q-meter test is wersatile and 1is accurate to

=+ 1 percent. The a-c bridge method is limited in

frequency range but can provide somewhat higher

accuracy. Maximum capacitance range with R-X

meter method is 20 pf

By FRANK P. CHIFFY and JOHN L. GURLEY, JR.

Light Military Electronics Dept., General Electric Co., Utica, N. Y.

VOLTAGE-VARIABLE capacitors
are formed in single-crystal silicon
by the same techniques used to man-
ufacture other semiconductor de-
vices. With leakage currents of
only a few millimicroamperes, the
device acts like a perfect capacitor
with a high shunting resistance;
series resistance (due to semicon-
ductor bulk resistance and lead con-
nection resistance) is low. The low
series resistance and high shunt
resistance result in a Q high enough
to fulfill the requirements of nearly
all capacitor applications.

Figure 1A shows the equivalent
circuit of the voltage-variable ca-
pacitor, where

C = junction capacitance, By =
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series resistance due to bulk re-
sistivity of the semiconductor base
and connecting leads, R, = leakage
resistance and is the dynamic in-
verse resistance of the junction,
and L = series inductance.

Typical ranges of parameters
are: C (at 4 volts), 7 to 100 pf;
R;, about 5 ohms; R;, 100 megohms
and higher; L, about 5 nanohenrys;
Q at 50 Mc (4 volts), 10 to 20;
maximum operating voltage, 15 to
130 volts d-c.

Major applications of voltage-
variable capacitors are as control
and tuning elements. As control de-
vices they are generally placed in
parallel with a conventional capaci-
tor to control the total capacitance

of systems such as automatic fre-
quency controls, f-m modulators,
and adjustable band-pass filters. As
tuning devices they are used to sup-
ply all or nearly all the capacitance
in receiver and transmitter tuning
circuits, and in resonant-slope am-
plifiers.

Voltage-variable capacitors func-
tion over a wide range of frequen-
cies. Parameter measurements are
usually taken at the operating fre-
quency of the application, typically
from 1.5 to 20 Mc. Measurements
using a Q-meter can be made from
50 Kc to 50 Mec. Since a d-c¢ bias
voltage cannot be applied directly
to the terminals of the Q meter, the
capacitor is placed in series with
the meter as shown in Fig. 1B. The
1-microfarad capacitor bypasses the
Q-meter signal from the power
supply. Both the voltage-variable
and the bypass capacitor are
mounted on a 2 X 2 X % inch Plexi-
glass plate, and are connected to the
Q-meter through banana plugs. The
capacitor under test is placed in
clips mounted on the Plexiglass
plate, and bias voltage is applied
directly across the bypass capacitor.
With the fixture the capacitance of
the voltage-variable capacitor can
be measured over its rated voltage
range at any desired test frequency.
To date, all voltage-variable capaci-
tors have a minimum voltage rating
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CHARACTERISTICS of two typi-
cal voltage-variable capacitors for
the usual range of operating condi-
ditions—Fig. 2

CAPACITANCE IN PF

A AT 5 Mc

A AT 20 Mc

5 10 15 20 25
(C) BIAS VOLTAGE

of 0.1 volt d-¢c and maximum rang-
ing from 15 to 130 volts d-c.

PARAMETER MEASUREMENTS
—Measurements are made as fol-
lows:

(1) Select the test frequency and
connect the corresponding work coil
to the coil terminals of the Q-meter.
Apply power and make the initial
adjustments of the Q-meter.

(2) Place the test capacitor in
the test clips, observing the polarity
shown in Fig. 1B. The voltage-
variable capacitor normally blocks
d-c current and isolates the Q-meter
from the bias supply. If the unit
is connected with opposite polarity,
the Q-meter will not be isolated and

50

TYPE A AT 4V DC

o o
o o

TYPE B AT 4 vDC

N
o

CAPACITANCE IN PF

TYPE A AT 4V DC

TYPE B AT 4 V OC

A AT 20 Mc

8 AT 20 Mc

10 15 20 25
BIAS VOLTAGE

(D)

it will not resonate during opera-
tion; also, its thermocouple may be
damaged.

(3) Lift the negative lead of the
capacitor under test and position
it approximately one inch above the
top of the test clip.

(4) Adjust the Q-meter to reso-
nance and read the initial values
of capacitance and Q: (C, and Q,).

(5) Place the negative lead
firmly in the test clip and apply the
desired test voltage.

(6) Adjust the Q-meter to reso-
nance again and read the final val-
ues of C and Q: (Q. and C,).

(7) The capacitance of the ca-
pacitor is C = C, — C, and the ef-
fective @ (Q.) of the unit can be

calculated from
Q:1Q: (Cy — Cy)

Q1 — Q) Oy

The Q-meter method cannot be
used for measuring capacitances
greater than 460 picofarads. How-
ever, since this value presently ex-
ceeds the maximum capacitance of
commercial voltage-variable capaci-
tors, the Q-meter technique has
wide application. It can measure
capacitance over the frequency
range of 50 Ke¢ to 50 Mc at any
desired test voltage, and the cor-
responding change in Q can be cal-
culated. Figures 2A and 2B show
characteristics of some typical volt-
age-variable capacitors. All meas-
urements were performed on the
Q-meter at a test voltage of 4 volts
d-c. Figure 2C is a plot of capaci-
tance as a function of voltage at
5 Mc and 20 Mec. Figure 2D is a
plot of Q as a function of bias volt-
age at the same frequencies.

Little change in capacitance oc-
curs over the temperature range of
—55 to +125 C., as Fig. 3 shows.
The curves represent capacitance at
4 volts and 10 volts d-c, and at a
test frequency of 5 Mec.

Q. =

AUXILIARY COILS—Since ca-
pacitances are determined from the
difference between C, and C., the
value of C, obtained must be at
least equal to the sum of the maxi-
mum expected capacitance of the
variable capacitor, under test con-
ditions, and the minimum scale
reading on the Q-meter. Under some
conditions, the work coils supplied
with the meter may not permit
readings high enough. To overcome
this, the two auxiliary work coils
described in the table can be con-
structed and used in place of the
coils supplied with the meter. Both

TYPE A AT 4V
- TYPEB AT 4V
(MEASUREMENTS MADE AT 5MC)

CAPACITANCE IN PF

_ TYPEAAT IOV
TYPE B AT 10V

20
-60 30 O 30 60 90 120
TEMPERATURE IN DEGREES C

TEMPERATURE VARIATIONS
do mot affect capacitance signifi-
cantly—F1ig. 3
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0-150V D-C
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CAPACITANCE
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50

3t/ i
VOLTAGE
VARIABLE
CAPACITOR 0~C
= BIAS
SUPPLY

(8)

FREQUENCY RANGE of a-¢ bridge measurement technique (A) is extended by external oscillator and null detector.
Range of R-X meter technique (B) is up to 20 pf—Fig. 4

coils are made of 14-gage, tinned,
soft copper wire, are mounted on
Plexiglass sheets, or any similar,
high - dielectric - constant material,
and are housed in 2 X 2 X 4 inch
aluminum boxes to shield them
from stray fields. They are termi-
nated with banana plugs, spaced to
fit the meter.

AC- BRIDGE METHOD—To meas-
ure capacitance by the a-c bridge
method, a capacitance bridge capa-
ble of measuring from 1 to 1,000 pf,
and with provision for measure-
ment at d-c test voltages is re-
quired. An external oscillator and
null detector may be used, as shown
in Fig. 4A, to take measurements
down to 100 Ke.

The a-c bridge test is performed
as follows:

(1) Select the desired ecapaci-
tance range and zero-balance the
bridge.

(2) Connect the voltage-variable
capacitor to the insulated terminals,
observing the polarity.

(3) Apply the bias voltage.

(4) Balance the bridge using the
capacitance and conductance dials.

(5) The capacitance may be read
directly from the capacitance dial;
Q is calculated using

_ 2qC

= G
where C = capacitance in pico-
farads, G = conductance in mi-

cromhos, and f = frequency in Mec.
This technique works well only
over the frequency range 100 Kc to
1 Mec. Bias voltages of —5 to 4120
volts d-c are available.
Accuracy of measurement is
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AUXILIARY WORK COILS

Test Expected

Length of Wire Frequency Value of €

11 inches
(Two 1.25 inch

i-d loops) 20 Mc 395 pf

5 inches
(Looped around

terminals) 30 Mc 335 pf

from =#+0.25 to +=0.75 percent, de-
pending upon the capacitance range
used during measurement.

R-X METER METHOD—The R-X
meter measuring method is similar
to the Q-meter method in that it
employs the same test fixture, but
with a 1-megohm resistor added to
isolate the a-c supply from the R-X
meter, as shown in Fig. 4B.

The test circuit of Fig. 4B can
be used whenever the d-c¢ biasing
current is less than 50 milliamperes,
and can be used on all commercial
voltage-variable capacitors avail-
able so far. (The d-c leakage cur-
rents are less than 1 microampere.)
The procedure for measurement is:

(1) Select the test frequency and
adjust the R-X meter.

(2) Connect the circuit and ad-
just the meter and the bias supply
to obtain the test voltage across
the capacitor.

(3) Since the impedance of the
voltage-variable capacitor is capaci-
tive-reactive, adjust the C, control
for the initial minimum null; then
adjust the R, and C, controls al-
ternately to obtain final balance.

(4) The capacitance is read di-
rectly from the C, dial; the Q can

be calculated using

where R, is read directly from the
dial and X, is calculated from

1
727rf(7p
or, combining the two equations
Q = 27!'pr0[:

This method of measurement can
be used from 0.5 to 250 Mec and
will measure voltage-variable ca-
pacitors with up to 20 picofarads
at the bias voltage of interest.

The accuracy of measurement
varies with frequency and ranges
from +0.5 to =1 percent over the
range from 0.5 to 50 Mec.

Of the three measuring methods,
the Q-meter method is the most
versatile. Capacitance can be meas-
ured at both varying frequency and
varying bias voltage. Measurement
accuracy is =1 percent and is in-
dependent of frequency.

The a-c bridge method is limited
to capacitance measurements over
a narrow band of frequencies (100
Ke to 1 Me), and no voltages in
excess of 120 volts d-c can be used
during measurement. This method
does, however, offer the greatest
measurement accuracy; depending
upon the capacitance, the accuracy
is from +0.25 to =+=0.75 percent.

The R-X meter method offers the
advantage of measuring capacitance
at varying frequency and at vary-
ing bias voltage, but is limited to
a maximum capacitance of 20 pico-
farads. This method is similar to
the Q-meter method, and offers the
same measurement accuracy,

Xp =
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Simplified

LOW-PASS FILTER DESIGN

New method for exact design of low-pass filters having

maximally flat amplitude in the passband allows the point of

infinite rejection to be directly chosen

By WILLIAM J. KERWIN, 1555 Mary Avenue, Sunnyvale, California

DESIGN of a Tchebysheff type II
filter by conventional methods re-
quires a considerable knowledge of
network theory as well as the deter-
mination of the complex roots of a
6th degree polynomial. This is not
only difficult and time-consuming,
but the point of infinite rejection is
not determined until after some
preliminary work has been com-
pleted. If this result is unsatisfac-
tory, another trial must be made.

This method not only simplifies
the work but allows the point of in-
finite rejection to be directly chosen.
This is useful in the design of a
filter for use with a demodulator in
which a specific ripple frequency
due to the carrier must be filtered
out. It is also valuable in obtaining
a wider passband and better rejec-
tion of the unwanted frequency
components than could be obtained
by the usual Butterworth filter
which has no rejection frequency.

Figure 1A shows the basic w-sec-
tion filter to be considered. The ad-
dition of a capacitor (C.in Fig. 1B)
is all that is needed to obtain an in-
finite rejection point at any speci-
fied frequency. Addition of this
capacitor produces the improvement
in filter performance.

FILTER FORM—The filter shown
has no insertion loss and can be de-
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signed for flat response in the pass-

band. The shape of the resultant

filter curve is shown in Fig. 1C. The
cut-off frequency is normalized to
1.0(—3db) and the frequency
of infinite rejection is indicated as
o,. The frequency of minimum at-
tenuation beyond o, is designated
o and the amplitude at that point
as A.... An increased slope of cut-
off is produced by reducing the
value of o, and results in an in-
crease in A,...

An analysis of the circuit shown
in Fig. 1B results in (p = jo)

W =

EL"= LC, P2+ 1 (1)
FEi L (C, Co+-C, C34-C, Cs) PP+
L(C:+C3) P*4-(C1+-C;) P+1

Simplify this by letting

ap® + 1
ap® +bp*+cp+1

1 — aw?

=1—bw+j@w—a&)]p=jw 2
and the square of the magnitude is

2

Enu(

Ein

S (1 — aw?)?
T (1=bw)+(co—aw?)?
1 — 2aw? + a? w!

1+ (&= 2b) o
+(b2—2ac) wta? b

3)

The necessary condition for flat
response is that each term in the
numerator be equal to the corre-

sponding term in the denominator.
Thus

2 —2b = —2a 4)
b? — 2ac = o? (5)

In addition, to set cutoff (0.707 am-

plitude) at o = 1.0 rps
Eou( i 2 1
E. | = (0.707)2= 1 at w=1.0rps  (6)

Setting @ = 1.0 in Eq. 3 results in

2

Eow
Ein

3 1 — 2a + o -
T 14+c2—2b4-b2—2ac+a?

ER ()

Using Eq. 4 and 5 obtain from Eq. 7
a?=1—-2a+a% a=1—a (8)

Note that the position of w, is de-
termined by the value of » at which
the numerator of Eq. 2 is equal to
zero. That is 1 — ae® = 0 at 0 = w..
Therefore

a = 1/wy? (9}

These are the necessary condi-
tions to determine the coefficients
of Eq. 2 for any desired w..

Step 1: Choose we and find a=1/we?

Step 2: Solve fora = 1 — a.

Step 3: Substitute the value of « from
Step 1 and solve for ¢. (Choose
+ real root) c3+4ac+8(a—1)
=0. This equation is a result of
combining Egs. 4, 5 and 8.

Step 4: Solve for b= (c242«)/2. (From
Eq. 4.

Having a,b,c and a, return to Eq.
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BASIC w-section filter (A), improved filter (B) and

resultant filter curve (C)—F'ig. 1

1 and compare it to Eq. 2

LC: = (10)
L(('l('g+(7,('3+('g('3)=a (1])
L({C:+4C) =b (12)

Ci+C=¢ (13)

Simultaneous solution of Eqs. 10
through 13 results in

Step 5: Cy = (a — ac)/(b — @)
Solving Eq. 13 for C,

Step 6: C3 = (¢cb — a)/(b — a)
From the above and a combination
of Egs. 10 and 12

Step?7: L = (b — a)?/(ch — a)
From the above and Eq. 10

Step 8: Cy = a (¢b — a)/(b — a)?

As an example, assume the fre-
quency of infinite rejection is to be
at twice the cut-off frequency

(o = 1.0 rps in the normalized
filter—that is w, = 2.0 rps.

Step 1: @ = 1/wg? = 0.250
Step 2: a =1 — a = 0.750

Step 3: ¢ + 4ac + 8 (a — 1) =0
c4+c—6=0
¢ = 1.635
Step 4: b = (¢ + 2a)/2 = 1.585
Step 5: €1 = (a—ac)/(b—a) = 0.256 f
Sf(’/l 6: (':; = (('l)—a) /(l)—(\') = 1.379.1
Step 7: L = (b—a)%/(cb—a) = 0.969 h
S[(']} 8: ('g=[(1 (('b—u)] (b—a)>=0.258 f

The resultant filter with element
values in normalized form is shown
in Fig. 2A.

September 7, 1962

w_3nB z | rps

.00815

0.969

(A)

0.0308
0.0439

RESULTANT FILTER with normalized values (A) and

final design result (B)—F'ig. 2

Assuming that a 5,000-cps cutoff
frequency and an input resistance
of 1,000 ohms are desired, these re-
lations are needed

R=RxZ (14)
L=LyZ}e (15)
G = G % (16)

The subscript N denotes the nor-
malized element values, Z the in-
crease in input resistance, and o
the increase in cutoff frequency
from their normalized values of
R = 1.0 ohm and @ = 1.0 rps. For
these conditions f.. = 5,000 cps
(that is @ = 27 5,000) and R =
1,000 ohms: o = 27 5,000 and Z =
1,000.
Thus

R = (1.0 ohm) Z = 1,000 ohms

C, = 0.256 f/wZ = 0.00815 uf

Oy = 0.258 //wZ = 0.00821 uf

C; = 1.379 f/wZ = 0.0439 ut

L =0.969 (Z)/w = 0.0308 h
The final filter design is shown in
Fig. 2B.

ATTENUATION — To determine
the minimum attenuation in the cut-
off region, determine w,,.. Substi-
tuting into Eq. 3, Eqgs. 4, 5 and 8
‘Ifmn“:_ 1 —2aw?+a? o'

;E;,. T 1-2aw? -ttt (1 —a)lwt (7
Differentiating and equating to
Zero

@Wmax = ‘/m (18)
Substituting Eq. 18 into Eq. 17

| |12
Eout
Ein

1

= T¥6m a—ae 9

Wmax

as the squared amplitude at wu.. In
the previous example a« = 0.25 so
Omax = 3.46 and

2

1
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,E"EE,
E in

Wmax

Thus, the attenuation is 23.9 db
or greater for all values of o greater
than .. When the attenuation in
the cutoff band is the critical design
factor, o can be determined directly
from Eq. 19 for any given attenua-
tion minimum in the cutoff band,
and the design continued with Step
2 of the design procedure. The low-
pass filters designed by these meth-
ods can be converted to equivalent
high-pass, bandpass or band-rejec-
tion filters by conventional meth-
ods.

It should be noted that a mini-
mum value of 1.52 exists for .. An
attempt to choose a lower value
will result in C, becoming negative.

BIBLIOGRAPHY

J. E. Storer, ‘“Passive Network Synthe-
sis”’, McGraw-Hill Book Company Inc.,
p 110, New York, N. Y 957«
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Eliminating the First Stage of a

How to ecomomize om components by
using the output stage of a circuit driving
a monostable multivibrator as the first
stage of the monostable multivibrator.

Example illustrates use of design equa-

tions

Yo

=0 Rz /(Vee2+Ve2) SR,
Vi B / i
» 23

(A) (B)

BASIC pulse-forming circuit (A) uses output stage (Qs)
of a driver as the input section of a monostable multi-
vibrator (Q:-Q:). Partial equivalent circuit is shown in
(B)—Fig. 1

-12
$ 2.2 R3
8.2Kg 510
3K
VRS
£ Q3
'”“ﬂr'—"_éiz;)zune7
SIK Q;
70 1.5KkS 2NII187
K=X 1,000 i
(A)

3
Ein o
GND
Ve
GND oy
Ve GND

Vei

Vi
GND
GND

Ve

GND
Ver

(B)

CIRCUIT DESIGNATIONS of this pulse former (A)
correspond to those shown in Fig. 1. Typical circuit wave-
shapes (B) have time scale of 200 usec/cm and wvertical
scale of 5 v/em—Flig. 2
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CONTROL or computing circuits often require a
pulse of fixed duration at the output of a Schmitt
trigger or other digital circuit. This requirement is
most often met by a monostable multivibrator. The
monostable configuration can be simplified with a
saving in components by considering the output stage
as part of the monostable circuit.

Consider Fig. 1A. In the quiescent state, transistor
Q. is held in saturation by the current in R, while Q.,
the output stage of a Schmitt trigger, is off due to
biasing. If V, >> V,., capacitor C, is charged to V,
volts with the indicated polarity. When Q. is turned
on, a positive voltage is applied to the base of @,
turning it off. If the instant that @, turns on is
t = t(0), circuit timing is governed by

Ved) = (Voo + Ver — Vi) + V1 — Vo — Vea)e HT
Where T = R; C.

I/rbl(t) —(V¢2 + VceZ) + ‘/Yc(t)
—Vi4+ 2V:i — Ve — Ven)e T (1)
Transistor @, will remain off until its base voltage
reaches zero volts. From Eq. 1

0==V1i4+ @2Vi—=Va— Vea) e ¥T

From which

t = —RlClln[2—(

I

Ve + Vea)/ Vil (2)

DESIGN CONSIDERATIONS—Since the assump-
tion was made that V,(0) was equal to V,, this condi-
tion must be provided for in the design of the circuit.
This can be accomplished by restricting the recovery
time R,C, to be small compared to the minimum off
time of Q.. Capacitor C, can be assumed to be com-
pletely charged if the product 5R.C, is made equal to
the minimum off time of Q. thus satisfying one re-
quirement (Requirement 1). The off time of Q. de-
pends on the firing points of the Schmitt trigger.

The accuracy and the repeatability of the pulse
width are affected by leakage currents and the change
of emitter voltage of Q. due to capacitor surge cur-
rents. Ignoring leakage for the moment, derive an
expression for the collector current of Q. from the
equivalent circuit of Fig. 1B.

[Vi— (Ve + Va)l/Rs
[Vi— (Ve + Ve2) + Ve(t)l/Ry

2V1 == Vuz = Veo)e ”T/

Iz(t

However, I»(t) = I, + 1:(t)

25 VoW cacin Veae): s RVi—Vea— Va)e T
Ra Ry

Vi— (Ve t+Ve) 2Vi— (Veet+Ve)
7, ~+ = (3)

Equation 3 shows that the forward base drive of
Q- supports more than the d-c¢ collector current when
transistor @, turns on. If this is not designed into
the circuit the output pulse width may differ from
the calculated value (Requirement 2).

The effect on V,, and V.., of this surge current can

1.2(0) =

electronics



Monostable Multivibrator

be minimized by making the collector current of Q.
large with respect to the expected capacitor surge
current (Requirement 3).

Transistor leakage currents affect the pulse width
by producing an effective voltage change at the base
of @, due to I,,, and at the collector of Q. due to 0.
By choice of current values in the elements, the error
produced by leakage can be reduced to within the
error due to normal component tolerances (Require-
ment 4).

DESIGN PROCEDURE—The first step in the design
of a circuit is to choose the maximum value of col-
lector current in transistor @, for a load current I,.
Hence

Ia = (Vi— Vea)/Ra+ 11 4)

For @, to be saturated, R, must supply a minimum
base drive current I,,

Iyt = Ia/hpE min (5)
To reduce the effect of I¢o, on pulse width, make I,, =
10 I;os max- Then, choosing I = 1I,,, or I = 10 I01 max,
whichever is greater
B = (Vi — Via)/l (6)
This satisfies Requirement 4.

The emitter voltage of output stage Q. is deter-
mined primarily by the circuit. In the Schmitt trig-
ger of Fig. 2A, the value of V.. is determined by the
desired threshold voltage and input impedance of the
trigger circuit. If, on the other hand, the driving cir-
cuit is a flip-flop or inverter, the emitter voltage may
be zero, or set at some other level as required by the
application.

Obtaining the value of V... from the manufacturer’s
data sheet, and given the pulse width, the value of C,
is determined from Eq. 2. To insure that Eq. 2 is
valid, make

R; £ 5 (minimum off time of @)/ (7)
This satisfies Requirement 1.

The effect of I4, on the pulse width is minimized
when

Re=Vi— (Vea+ Ver)/10 I ¢ (€))
This satisfies Requirement 4.

To prevent the capacitor surge current from affect-

ing the emitter voltage of Q., make

Ry<R [Vi—(Vea+Va)l/10 [2Vi— (Viet+ V)l 9
This satisfies Requirement 8. The choice of R, is gov-
erned by the smallest value resulting from the solu-
tion of Eq. 7, 8 and 9.

If V.. equals zero, Eq. 9 need not be considered
unless a transistor having a high saturation resist-
ance is employed. A zener diode can be used if it is
desired to keep this value constant.

To insure that transistor Q, is saturated and that
enough base drive is provided to support the initial

September 7, 1962

By RUSSELL L. PAUL and
ALLAN S. OTTENSTEIN

Seaboard Electronic Corp.,
New York, N. Y.

DESIGN EXAMPLE FOR FIG. 2A
TRANSISTOR DATA
For Q,, a 2N1187
hFE min = 45 at I, = 20 ma
IC’O max = 0.1 ma

For @y, a 2N404
hrE min = 158t I, = 8 ma
]CO max — 0.1 ma

Via =0.15 v Vie =047 v
Vea =0.1v Veez = 0.175v
CIRCUIT REQUIREMENTS
Pulse width 125 usec
Voltage Va —12v
Voltage V.. —15v
Minimum off time of Q2 200 usec
Load Current, 4 ma
CALCULATIONS

From Eq. 4
Ry = (12 — 0.1)/(8 X 107% — 4 X 1073) = 2.97 kilohms
Let R; = 3 kilohms

From Eq. 5
Ipy = 8 X 1073/15 = 0.53 ma
Choose I = 10 (I¢or) = 10 (0.1 ma) = 1 ma

From Eq. 6
R < (12 — 0.15)/10-% = 11.85 kilohms
Let R, = 11 kilohms

From Eq. 2
125 X 107% = 11 X 103 C; In [2 — 1.675/12]
Let C; = 0.018 microfarad

From Eq. 7
R; =5 (200 X 107%)/0.018 X 107¢ = 55.5 kilohms
From Eq. 8
R < [12 — (0.175 + 1.5)]/1 X 10~ = 10.325 kilohms
From Eq. 9
B g WX 1002 = 0175 + L5 _ oo 1ichme

£ 10 [24 — (0.175 + 1.5)]
Let B3 = 510 ohms
Checking Eq. 10 with a minimum Az g of 45

12 — 1.675 24 — (1.675)
5.1 X 10? 11 X 103

This condition must be met in the design of the initial circuit

1{;]2 - = 049:) ma

surge of collector current, see that for Q.

Ibfz hpg m;ng (Vl — Vce2—' Vz2)/R3+[2Vl— (sz+ Vu?)]/Rl (10)
This satisfies Requirement 2.

In solving Eq. 7, 8 and 9 in the design example,
the results of the first two equatig;}s appear to have
little effect on the value of R,. This is not always
true. Equation 7 will dominate where long pulse
widths are required as compared with the period of
the operating frequency; Eq. 8 may be dominant if
high-temperature operation is involved. All three
equations may have considerable effect on the pulse
width and all effects must be taken into consideration.
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Quick Way to Find Radar Range

Nomograph determines new range of radar set when a transmitter

or antenna parameter has been changed, if old range is known

By E. T. MESERVE*

Vitro Laboratories,
Eglin AFB, Florida

THIS NOMOGRAPH gives a
quick solution to the radar range
equation when the old range and
an absolute db value are known.
The unit of range is immaterial,
provided the old and new range
have the same units. The radar
equation gives the range R as

P, G2 N Ay

gt
B' = W WH L S/M KT,

where P, is peak transmitted
power, G, antenna gain, A wave-
length, A, area of target, BW

bandwidth, NF noise figure, L
plumbing loss, S/N signal-to-
noise ratio, and K and 7, con-
stants.

It can be seen that NF, L and
S/N have a fourth-power rela-
tionship with range, and that G,
is a second-power function.

EXAMPLE 1 — Find the new
range, when the old range is 100
nautical miles and the absolute
increase in antenna gain is 10
db. Draw a line from the 10-db
point above the 0-db mark (since
an increase in absolute db is
being considered) to 100 on the
old range scale. An extension of

NEW RANGE
10,000
8,000 DB CHANGE
b SECOND POWER  FOURTH POWER
RELATIONSHIPS  RELATIONSHIP
4000+ (Ga) (S/N,NF,L)
3,000 40 T-80
T 35 1 70
2,000+ RS
30 1 60
INCREASE 25150 DECREASE
1,000+ 20440 ke
il 1 15130 Sl
600 + i
e EXAMPLE | el B
400+ e L = 5::IO //
300 O::O//
i 540
2001 el
) EXAMPLE 2 10720
x 15430
100 e 20 140
SOZZ/,/ DECREASE 25450 INCREASE
S0 30 460
40 + 35::70
30 - 40 —1-80
20 -
10—

FREE REPRINT
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the line intersects the new range
scale at 320, giving the new
range as 320 nautical miles.

EXAMPLE 2 — Find the new
range when the old range is 100,-
000 yards and the absolute in-
crease in noise figure is 10 db.
Draw a straight line from the
10-db point below the 0-db mark
(since a decrease in absolute db
is being considered) to the 100
point on the old range scale. An
extension of this line intersects
the new range scale at 66, giving
the new range as 66,000 yards.

* Now with Douglas Aireraft Co.,
IEglin Air Force Base, Fla.
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STANFORD'S RADAR TELESCOPE
FOR SPACE RESEARCH...

Standing atop the ridge of hills at the back of the Stanford
University campus is a 15-story dish antenna, a joint project
of Stanford Research Institute and the

University. The 150-foot parabolic reflector is

illuminated by a Continental Electronics
high power, very high frequency transmitting
equipment, and is part of one of the

finest radar astronomy establishments in the
world. Another example of Continental’s
continuing leadership in super power

transmitting equipment.

MANUFACTURING COMPANY ¢ MAILING ADDRESS: BOX 17040 « DALLAS 17, TEXAS
4212 S. BUCKNERBLVD. ¢ EV 1-7161 ¢ 25w SUBSIDIARY OF LING-TEMCO-VOUGHT, INC.
Designers and Builders of the World’s Most Powerful Radio Transmitters
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‘What’s your present job in electronics?
What will you be working on tomor-
row? Do you know the latest electronic
developments outside your particular
specialty that may affect your work?
Below is a sampling of topics within
the 3,000 plus editorial pages produced
per year by electronics’ 28-man edito-
rial staff. No matter where you work
today, or in which job function(s),
electronics will keep you fully in-
formed as an electronic engineer. Sub-
scribe today via the Reader Service
Card in this issue. Only 7% cents a copy
at the 3 year rate.
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TI 1IN3775 Rectifier . . . With V. 1.5 v maximum

Now you can get a first in high power/high voltage

rectifier application with Texas Instruments 1N3775.

This new rectifier gives you 1500 v reverse voltage

and 3.3 amps average rectifier forward current

(at 50°C) plus 2000 v minimum breakdown voltage i

and 5 pa reverse current— ALL WITH A SINGLE =
DIFFUSED JUNCTION. ACTUAL SIZE

Get Higher Performance and Reliability With These Superior Operating Characteristics

absolute maximum ratings at 25°C stud temperature (unless otherwise noted)
Vam(wkg)  Reverse Voltage Over Operating Temperature Range 1500 v
lo Average Rectified Forward Current at 50°C 3.3 amp

electrical characteristics at 25°C stud temperature (unless otherwise noted)
BV, Minimum Breakdown Voltage Ip = 100 na 2000 v
Ve Maximum Forward Voltage Drop 1. = 2.0 amp 1.5 «
; I Reverse Current Vp = 1500 v at 25°C 5 pa

SEMICONDUCTOR-COMPONENTS ﬁ
DIVISION

1500 Volt
3.3 Amp

Single Junction

Additional Benefits of TI 1N3775
[[] Pure silver lead minimizes wafer stress during
temperature cycling.

[ Flexible junction coating is not affected by
temperature variations and gives full time wafer
protection.

[] Silver disc gives improved thermal characteristic
during surge conditions.

[] Superior welding procedure, quality control, and
1009% testing.

Send for your
personal copy

of this informative
Tl 1N3775 Folder —
today.

Tl Semiconductor=~
Components division

TEXAS INSTRUMENTS

INCORPORATED

13500 N. CENTRAL EXPRESSWAY
P. O BOX 5012 « DALLAS 22. TEXAS
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RESEARCH AND DEVELOPMENT

New Transformers May Bring Transistor Tv

Combined magnetostrictive-
piezoelectric devices give
high step-up ratios

By FREDERICK W. KANTOR

Integrated Research and Technology,
Inc., Bellerose, N. Y.

MAGNETOSTRICTIVE element
driving piezoelectric material can
produce voltage multiplication ra-
tios of several thousand. Such mag-
netostrictive-piezoelectric trans-
formers might be used to make
practical electrostatic-deflection
transistor tv receivers. The devices
are suitable for a variety of other
high-voltage low-current uses.

Small step-up transformers that
will produce large voltage multi-
plication ratios and have low-fre-
quency cutoff of a few cycles per
second are difficult to make using
conventional methods. However, re-
cent advances in piezoelectric ma-
terials combined with continuing
progress in magnetostriction pro-
vide a practical means for providing
high voltage multiplication ratios.

Output of conventional trans-
formers is proportional to the time
rate of change of flux through the
output coil, making it very difficult
to obtain good low-frequency re-
sponse from small units. However,
the output force of a magnetostric-
tive transducer is proportional to
current flowing through the coil
around it. Also, voltage of a piezo-
electric element is proportional to
the applied force. Thus combining
the two results in a transformer
having an output proportional to
input, rather than to its first de-
rivative with respect to time. As a
result, good low-frequency response
is relatively easy to obtain.

CONSTRUCTION—The piezoelec-
tric material selected was Clevite
PZT 4, which was fabricated in
rods % inch in diameter and 1 inch
long. Two rods were placed end to
end as at A in the figure to reduce
the voltage losses due to stray ca-
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PIEZOELECTRIC rods (A) are
mounted in 0 frame with magneto-
strictive elements forming sides.
Tubular construction (B) provides
greater rigidity

pacitance associated with single
mounting. A modified 0 frame, with
magnetostrictive elements of type
A nickel ¥ inch in diameter by #
inch long forming the sides, was
used to stress the ceramic elements.
A setscrew takes up slack.

Each nickel rod was wound with
45 turns of #22 wire, and coil re-
sistance was less than 0.005 ohm.
With 50 millivolts input, an output
of 150 volts was obtained and used
to operate an NE-2 neon bulb.

Another test model was designed
to match the mechanical impedance
of the magnetostrictive elements
more closely to that of the piezo-
electric material. Nickel rods 43
inches long were used because of
the low magnetostrictive coeflicient
of nickel. Using the same piezo-
electric elements, a shimmed W

frame was made, which resulted in
an output of over 400 volts.

PERFORMANCE—It has not been
possible because of the high out-
put impedance and low efficiency
of the %-inch diameter piezoelec-
tric rods to make reproducible mea-
surements of transformer efficiency.
However, overall efficiency is less
than 20 percent, probably consider-
ably less. Also, when working into
a pure voltage load, such as ert de-
flection plates, low-frequency re-
sponse is limited only by R-C decay
resulting from leakage resistance.
With ceramics and glass, this leak-
age is low enough to permit a low-
frequency cutoff of about 1 eps.
There is a mechanical resonance
peak associated with each of the
elements used and an overall peak
caused by coupled mechanical os-
cillation. The separate peak would
be eliminated in a production model
by tighter mechanical bonding.

In constructing the transform-
ers, the frame must be as rigid as
possible so that the displacement
will appear across the ceramic pie-
zoelectric element. For this reason,
one possible design is a tube, as at
B in the figure. The magnetostric-
tive element is inserted from one
end and bonded. The piezoelectric
element is inserted from the other
end and held in place by an adjust-
ment screw. Because of the great
rigidity possible with this design,
the coefficients of thermal expan-
sion of the various parts must be
closely matched to reduce thermal
d-c drift. For mechanical impedance
matching, it may be desirable to
use a magnetostrictive ferrite.

APPLICATIONS—Since substan-
tially lower deflection power is re-
quired, the magnetostrictive-piezo-
electric transformer might be used
to make practical transistorized tv
sets using electrostatic crt deflec-
tion. Suitable transformers would
be about 1 inch in diameter and
about 1% inches long. Magnetostric-
tive - piezoelectric transformers
could also be used to provide the

electronics



for highest quality

REGULATED
POWER SUPPLIES

at lowest cost . . .

CHECK

KEPCO

Kepco’s reputation for outstanding product
performance is achieved by rigid QUALITY
CONTROL —from raw material to finished
product.

1009 inspection and testing is an integral
phase of the entire manufacturing process
before . . . during and at the completion of all
production stages.

Kepco’s quality products are recognized for
their outstanding performance.

£

—————————
=~

TH- B KEPCO'S PACK MORE VALUE...
REGULATED | %-DC SUPPLY 14%"
RELIABLE:

Unique design uses transistorized reference and ampli- I
fication circuitry for optimum regulation, stability and 3%z
long life; plus tube series pass elements for reliable
high voltage operation.

EXCEPTIONAL PERFORMANCE:

197

; : 2 : : M Full Range Regulation:
Conservative specifications give a true picture of oper- g g :
ating characteristics. - 12'70 oD - 2?511_ 32lfv dc/800ma

. rogramming over full voltage range
ECONOMI CAL'. - e M Remote output voltage control
Long trouble-free operating life eliminates costly down- W Constant current operation
time.
B No voltage overshoot

coM PACT.' B Remote DC on-off
314 inch panel height, rack mountable. M Series connection

AVAILABLE FROM STOCK!

REGULATION u“'anw 0.1% LINE / LOAD CHAB D 0.01% LINE/LOAD
VOLTS 0-325 0-325
MILLIAMPS 0-200 0-400 0-600 0-800 0-200 0-400 0-600 0-800
MODEL HB 2M HB 4M HB 6M HB 8M HB 20M | HB 40M | HB 60M | HB 80M
RIPPLE less than 1 mv rms less than 1 mv rms
————————————— B Over 250 standard models available from stock—write for new catalog B-621
epco‘; 131-38 SANFORD AVENUE e FLUSHING 52, N.Y., U.S.A. e Phone (212) IN 1-7000
i L ) TWX# (212) 539-6623 ¢ Cable Address: KEPCOPOWER NEWYORK
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LOW NOISE
ANTENNA FEED

Aperture efficiency and the far out
side lobe level influence the ultimate
performance of ground based receiving
systems in space applications. A large
paraboloid is ideally illuminated in
this instance by a feed pattern ap-
proximately uniform over the angle
intercepted by the aperture, and
sharply reduced at all other angles.
This goal is provided (for any polari-
zation) by the Fluted-Feed (TM)*
structure shown above exhibiting:

¢ NEARLY UNIFORM REFLECTOR IL-.
LUMINATION.

* LOW SPILLOVER AT REFLECTOR
EDGES.

¢ E AND H PLANE PATTERNS WITH

EQUAL BEAMWIDTHS.

COMPLETE POLARIZATION FLEXI.

BILITY.

* NEGLIGIBLE APERTURE BLOCKING
IN HIGH GAIN APPLICATIONS.

* IMPROVED PERFORMANCE BY RE.
TROFIT OF EXISTING PARABO-
LOIDS.

* ADAPTABLE TO MONOPULSE
TRACKING.

Other low mnoise configurations de-
veloped by A.G.A. include linearly
polarized feeds and movel Cassegrain
assemblies. Engineers interested in
working in this area should contact
Aero Geo Astro Corporation.

#(TM) “Fluted Feed” — An Aero Geo Astro
trademark for a low noise antenna feed.

An Equal Opportunity Employer

AERO GEO ASTRO
CORPORATION

ALEXANDRIA, VIRGINIA

Telephone 354-2000
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high voltage required by Kerr cell
shutters.

It might also be possible to cou-
ple the transformers with thermo-
electric power-generating diodes to
produce compact power supplies for
low-drain devices. Such supplies
would be 3 to 13 cubic inches and
could be used for multiplier photo-

tubes, image intensifiers, geiger
counters and infrared image con-
verters.

The magnetostrictive-piezoelec-
tric transformer might be combined
with a fresnel lens. By mounting
the assembly on a spinning satel-
lite, high-voltage for low-current
apparatus could be provided.

Shaft Resetter Reduces Loading

By FRED W. KEAR

Lytle Corp., Albuquerque, N. M.

SHAFT-POSITIONING device has
been developed for applications in
which available input torque is lim-
ited or in which shaft position is
used as a precise analog represen-
tation of a measured quantity. The
device resets a randomly positioned
shaft to a predetermined reference
position.

By avoiding brush-commutator
arrangements in the design, me-
chanical loading of the shaft is lim-
ited. This approach also avoids
brush noise, which can be damag-
ing to transistor circuits unless it
is controlled at added expense, size
and complexity.

The general appearance of the
shaft with its index pin and induec-
tive pickup is shown in Fig. 1. One
important consideration in fabrica-
tion of the inductive pickup and in-
dex pin is to keep the period of
pulse generation to as small a por-
tion of shaft rotation as possible.
In this case, the most useful com-
bination for position sensing proved
to be an index pin of nonmagnetic
material with 0.015-inch sheet mag-
netic material laminated in a slot
at the tip of the pin. The core of
the inductive pickup is constructed
similarly. The pickup consists of a
thin permanent magnet laminated
between supporting layers of non-
magnetic material.

A substantial number of turns of
insulated wire forms the coil
around the permanent magnet to
generate a voltage pulse each time
the index pin passes the pickup.
A large number of turns is neces-
sary to provide optimum sensitivity
without increasing size of the mag-
netic core. Magnetic flux must also
be limited to prevent unnecessary
torque loading of the shaft.

SHAFT WITH
INDEX PIN

PICKUP
ADJUSTMENT
SCREW

“\NINDUCTIVE
PICKUP

INDEX PIN alignment with in-
ductive pickup causes generation of
voltage pulse—F1ig. 1

CIRCUIT OPERATION—The cir-
cuit at the top of Fig. 2 as activated
by application of a +30-volt d-c
command signal to the positive bus.
Transistor Q, is forward biased by
resistors R, and R., energizing the
motor coil. The motor armature is
mounted on the shaft being moni-
tored so that motor torque rotates
the shaft. As the shaft rotates, the
index pin moves toward the mag-
netic core of the pickup. As align-
ment is reached, the inductive
pickup generates a voltage pulse.

The output pulse from the pickup
applies a reverse bias to the base of
Q,, de-energizing the motor coil.
The motor should produce little
torque so that overshoot is pre-
vented, since one of the original re-
quirements is for a device that will
result in little mechanical damping
or loading.

When the motor coil has been de-
energized, a negative voltage is ap-
plied to the base of Q. through R,
forward biasing the transistor.
When collector voltage of Q. reaches
about 30 volts, biasing resistors
R, and R, forward bias @,. The volt-
age produced at the collector of Q,
is fed through R, to maintain the
reverse bias on Q,.

As long as the command signal is
applied to the 30-volt bus, the motor
coil remains de-energized unless
the locking voltage is removed from
R,. This locking voltage can easily

electronics



PICKUP

MOTOR Rp
colL 3

SR BAREmaE——

DEL AY
NETWORK

MOTOR COIL is energized when
command signal is applied and de-
energized by pickup pulse. Aux-
iliary circuit delays shaft resetting
—Fig. 2

be removed by connecting the base
of Q. to the +30-volt bus directly
with a switch or remotely with a
relay.

DELAYED RESETTING — The
lower circuit in Fig. 2 is used for
automatic shaft positioning after
a preset time, determined by the
time-delay network. This circuit
causes the circuit above it to re-
position the shaft index pin with
the inductive pickup at the end of
the time-delay period, which starts
when the command signal is applied
to the 30-volt bus. The negative
pulse is taken from the emitter of
@,, applied to the delay network and
used to overcome the bias estab-
lished by R. and R.. Thus Q, is for-
ward biased, connecting the base
of Q. to the 30-volt bus and allow-
ing the motor to be energized
again.

A typical application of the shaft
positioning device is in orienting
equipment in a vertical position.
The inductive pickup is attached to
a vertical-sensing device, and the
equipment to be oriented vertically
is attached to the shaft. A polarity-
sensing relay is also attached to the
shaft and is used to reverse motor
current when the index pin passes
through the reference established
by the inductive pickup. The polar-
ity-sensing relay makes it unneces-
sary for the motor to rotate more
than 180 degrees to orient the shaft
to the vertical position.

The polarity-sensing relay is also
a low-torque device, producing neg-
ligible loading of the shaft.
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WITH A P.1. TAPE RECORDER:
UP TO 4" OF EXTRA RACK SPACE

When you want full-size performance but can’t afford the space, you'll find PI recorders
measure up in many ways better than ordinary instrumentation magnetic tape equipment.

Flick open the magazine of a Pl recorder, and you'll find
a unique space-saving stacked-reel design. Turn the re-
corder around and you'll see how neatly the precision tape
drive mechanism shares space with the plug-in, all-solid-
state electronics. Finally, press the start button — you'll
find performance on a par with recorders several times
the size.

You'll find PI recorders wherever space is at a premium — in aircraft, ships, submarines,
blockhouses, and instrumentation trailers such as that above. And for these and many
other applications, whether your yardstick is calibrated in inches, decibels, or dollars,
you'll find their value all out of proportion to their size. Write today for our new 12-page
brochure.

PRECISION
INSTRUMENT

SAN CARLOS, CALIFORNIA / LY 1-4441

P.1. invites inquiries from senior engineers seeking a challenging future, 32
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PORTABLE RECORDER

made by Emcee Electronics, Inc.,
uses a Mallory Mercury RM-42R
battery to deliver 0.2 milliamp con-
tinuous to the bridge circuit. ..
and a Mallory Mercury RM-12R
battery as a precise reference volt-
age source for the standardizing
circuit. Stable output of these bat-
teries minimizes need for stan-
dardization of the circuit, helps
assure accuracy of measurements.
Expected life is a year or more.

electronics



with high-performance Mallory Batteries

Miniaturization . . . convenience . . . reliability . . .
these are sales-boosting values that you can build into
your new products, by using Mallory Batteries.

Leader in development and manufacture of high-
performance batteries, Mallory has a broad range of
battery systems that may help you generate new ideas
in the use of packaged power:

Mallory Mercury Batteries . . . especially useful in low
to moderate drain electronic circuits; 3 to 4 times more
energy per unit volume and more milliampere-hour life
than ordinary batteries; shelf life of 6 years or more.
They’re unique in their ability to deliver steady voltage
throughout their long life. No-load output voltage is
constant to 4 149%. In many sizes, including miniature
types small as an aspirin tablet.

Mallory Manganese Batteries ... new alkaline system

Mallory Battery Company
North Tarrytown, N.Y.

September 7, 1962

for medium and high drain service; dependability and
shelf life comparable to Mallory Mercury Batteries;
service life far greater than ordinary batteries in photo-
graphic, lighting, motor drive and similar applications.
Many standard cell types.

Rechargeable Mercury Batteries...a new kind of
renewable power source with exceptional performance.

Solidion® Solid State Batteries... high voltage in
miniature size, extremely long storage life . . . for micro-
ampere drains.

Mercury-Zinc Carbon Batteries. .. long-life system
especially useful in cordless clocks and other low drain
service.

Write today for technical data, and for a consultation
on your requirements.

MALLORY

Mallory Battery Company of Canada Limited, Clarkson, Ontario
Mallory Batteries, Lid., Crawley, England
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Look to Westinghouse for Silicon Power Transistors
with lowest saturation resistance

LSR*_ 037 Lowest saturation resistance ratings in the in-

e dustry enable design engineers to obtain three-
fold increases in power-handling capability. Now—with these higher per-
formance specifications you can replace germanium units and gain the
silicon power transistor advantages of reduced heat sink size . . . higher
allowable ambient . . . improved control range . . . and upgraded reli-
ability in almost all circuits.

le Ver nchw(i?Alr)
2N1809-2N2109 series 30A 50-200V .037
2N1015-2N1016 series 75A 30-200V .25
WX118 series 10 A 50-150V o

*Lowest Saturation Resistance

2N1809-2N2109 series. New 30-amp  been field-proven in thousands of oper-

2N2109

“Rock-Top" transistors . . . world’'s
most powerful! With 30-amp, 200-volt,
250-watt ratings these newest Westing-
house series 2N1809 and 2N2109 tran-
sistors are designed to meet the most
exacting high power applications. Ger-
manium-level saturation resistance
(.037 ohms), and freedom from sec-
ondary breakdown mean highest effi-
ciency and operating reliability.

WX118 series. World's highest gain
power transistors provide current
gain of 400 at 10 amps! New West-
inghouse Type WX118 high-gain silicon
transistors simplify circuitry, increase
reliability, reduce cost of assembly.
They’re ideal for application in high
power, high efficiency regulators, in-
verters and switching circuits. Satura-
tion resistance is only 0.22 ohms.

2N1015-2N1016 series. Highest re-
liability from production-proved 150
watt designs. Get maximum circuit re-
liability at no extra cost by specifying
the Westinghouse 2N1015-2N1016 se-
ries. These popular transistors have

ating equipments. They can replace
lower rated transistors (2N1489-
2N1490, 2N1069-2N1070, 2N389 and
others), and give you up to twice-the-
power derating margin. In addition to
the exclusive rating characteristics of
these transistors, you get greater as-
surance of performance reliability from:

o True voltage ratings. Westinghouse
transistors can be operated continu-
ously at their full published ratings
into highly inductive loads. True Volt-
age Ratings are verified by 100%
Power Testing.

e 100% Power Testing. Each Westing-
house transistor is 100% Power Test-
ed before leaving the plant. Tests are
conducted over the full operating
range—under all conditions of base
bias and collector current at maxi-
mum rated dissipation.

For more information or technical as-

sistance, seeyournearest Westinghouse

representative or write: Westinghouse

Electric Corporation, Semiconductor

Department, Youngwood, Penna. You

can be sure. .. if it's Westinghouse. SC-1054

EASTERN
ACK SEMICONDUCTORS, INC. Birmingham, Ala./FA 2-0588
CAMERADIO Pittsburgh, Pa./EX 1-4000

Newton, Mass./WO0 9-7700
Hamden, Conn./AT 8-3581
Newport, R. I./VI 7-8547

EASTERN SEMICONDUCTOR SALES, INC.
Syracuse, N.Y./GR 8-0903

ELECTRONIC WHOLESALERS, INC. Melbourne, Fla./PA 3-1441
GENERAL RADIO SUPPLY CO., INC. Camden, N. J./WO 4-8560
GENESEE RADIO & PARTS CO. Buffalo, N.Y./TR 3-9661
KANN-ELLERT ELECTRONICS, INC.  Baltimore, Md./TU 9-4242
MILGRAY ELECTRONICS New York, N.Y./YU 9-1600

CRAMER ELECTRONICS, INC.

RADIO & ELECTRONIC PARTS CO. Cleveland, Ohio/UT 1-6060
SCHWEBER ELECTRONICS

MIDWESTERN
E.C.I. SEMICONDUCTORS, INC. Kansas City, Mo./WE 1-0829
ELECTRONIC COMPONENTS FOR INDUSTRY CO.

HALL-MARK ELECTRONICS CORP.
INTER-STATE RADIO & SUPPLY CO. Denver, Colo./TA 5-8257
LENERT CO.

MIDLAND SPECIALTY CO.

FOR IMMEDIATE “OFF-THE-SHELF" DELIVERY, ORDER FROM THESE WESTINGHOUSE DISTRIBUTORS:

Mineola, N.Y./PI 6-6520
Silver Spring, Md./JU 5-7023

St. Louis, Mo./MI 7-5505
Dallas, Texas/TA 4-1648

Houston, Texas/CA 4-2663

El Paso, Texas/KE 3-9555
Phoenix, Ariz./AL 8-8254
Albuquerque, N. M./CH 7-0236

RADIO DISTRIBUTING CO.
SEMICONDUCTOR SPECIALISTS, INC. Chicago, 11l./NA 2-8860
UNITED RADIO, INC.
WESTERN

ALMAC ELECTRONICS CORP.
DENNY-HAMILTON ELECTRONICS San Diego, Calif./AC 4-3451
ELMAR ELECTRONICS
HAMILTON ELECTRO SALES

NEWARK ELECTRONICS CO.

CANADA
CANADIAN WESTINGHOUSE CO., LTD.

Indianapolis, Ind./ME 7-5571

Cincinnati, Ohio/MA 1-6530

Seattle, Wash./PA 3-7310

Oakland, Calif./TE 4-3311
Los Angeles, Calif./BR 2-9154
Palo Alto, Calif./DA 1-7541
Phoenix, Ariz./272-2601
Inglewood, Calif./OR 4-8440

Hamilton, Ontario/JA 8-8811

Westinghouse




COMPONENTS AND MATERIALS

Movable Electrodes Help Tube Designers

CONTROL

GRID —
3 \E:,_—\
-

SUPRESSOR
GRID

HEATER
/

__-CATHODE

ELEMENTS of movable-electrode analog are coupled to knobs which can
move each grid independently, either closer to the electron beam, or away

from the beam

Tube elements can be
manipulated to appraise
space charge in vacuum

By STERLING McNEES

Manager, Advanced Power Grid
Laboratory, Eitel-McCullough, Inec.
San Carlos, California

A FLEXIBLE vacuum tube, that
is, one in which distances between
cathode, anode and grid elements
may be varied during operation,
now enables an investigator to
change the position of all elements
to determine optimum interelement
configuration.

Formerly, designers of grid-type
electron tubes have had to evolve
designs with data gathered from

crude electromechanical analogs,
empirical formulation and hind-
sight.

The movable-electrode analog for
power grid-type vacuum tube de-
sign, developed by Eimac’s Ad-
vanced Power Grid group, is shown
in the photo. Elements represent
the cathode with its internal heater,
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the anode, and the grids which are
actually vertical sections of two ad-
jacent grid wires of each grid.
Eimac’s present power-grid re-
search is on the feasibility of half
megawatt and one megawatt tubes.
While the analog could be used in
the development of nearly any grid-
type tube, it is being used to deter-
mine what direction might be best
taken toward half-megawatt and
one-megawatt development.

DIALING THE CHARGE—Ele-
ments are mounted on blocks,
which are coupled by rods to ad-
justment knobs. Knobs are
equipped with micrometer dials
and, when turned counterclockwise,
push against vacuum-tight dia-
phragms. This moves the blocks
and the associated elements closer
to the center of the electron beam.
When the knobs are rotated clock-
wise, springs in the back push the
elements back out of the beam. The
two elements for each grid can be
moved independently.

Knobs can move the tube ele-
ments ar little as one mil. After the
ideal position has been determined

for each element in a particular
tube configuration, the elements
can be moved to new positions rep-
resenting manufacturing toler-
ances. The effect of these tolerances
is then measured.

Operating voltages are fed to the
elements through insulators in the
bottom of the chamber.

In operation, the chamber sur-
rounding the analog is evacuated
and voltage is applied to the heater
to cause a chemical change in the
cathode coating. Then voltage is
applied to the other elements and
the tube is pulse modulated. The
duty cycle of the pulse modulation
enables the investigators to oper-
ate the analog at higher power lev-
els than it would tolerate in contin-
uous operation. Typical operating
voltages are 10 Kv on the plate and
3.5 Kv on the screen. Grid and
anode currents are observed on an
oscilloscope and photographed.

Because the elements can be ve-
moved from the mounting blocks,
various shapes can be inserted and
operated to establish their relative
merits.

The window in the top of the
chamber enables the investigator to
verify the position of the elements
with a measuring microscope. Al-
though micrometer dials are quite
accurate, they do not indicate ele-
ment movement caused by thermal
expansion. The window also per-
mits visual examination of the
model in operation.

SPACE CHARGE—Because elec-
trons have a negative charge, they
repel each other when tightly
bunched. And bunching, or density
modulation, is the operating prin-
ciple of a grid-type tube. In other
words, it’s possible to staurate the
electron beam and reach a point
where additional modulation is not
possible.

A tube may be space-charge lim-
ited, or its performance can be se-
riously modified, before its cathode
emission limit is reached, or before
anode dissipation limits appear. A
small modification of the tube’s in-
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Mindpower and Manpower. ..
shaping the future in

SCIENTISTS AND ENGINEERS: Today Motorola is
pacing a scientific revolution in electronics with a disciplined approach

to integrated circuit applications. Under the personal leadership of

Dr. Daniel E. Noble, the men of the Military Electronics Division are
synthesizing the process technology and device design capabilities

of Motorola’s Semiconductor Products and Solid State Systems Divisions
with military and space requirements.This coordinated effort, unique in
the electronics industry, is yielding a new breed of reliable integrated

INTEGRATED CIRCUIT APPLICATIONS circuit devices resulting from Motorola’s

broad range of jointly funded contracts with each of the three services,
JPL/NASA and other government agencies. To implement programs
such as these, marrying the frontier processing techniques of diffusion,
epitaxial growth, electronic ceramics and thin films to practical electronic
hardware applications, we can offer immediate opportunities to both
systems and equipment design engineers experienced in the following areas.

Specification of design constraints imposed by integrated circuits, trade-
off analyées for integrated electronic implementation, and electronic
systems specification and optimization. Micro-miniature transistor circuit
design, special solid state and semiconductor device utilization,
computer-aided circuit design, and subminiature packaging techniques,
including thermal considerations or basic training in the solid state sciences.

We are particularly interested in programs from which your experience
was obtained and the extent of your technical responsibility.

Please address detailed information to our Manager of Engineering at
the location of your choice for immediate and confidential attention.

An equal ppportunity employer @ MOTOROLA

Military Electronics Division
SCOTTSDALE, Arizona, 8201 E. McDowell Road
CHICAGO 51, lllinois, 1450 N. Cicero Ave./ RIVERSIDE, California, 8330 Indiana Ave.




For the calibration of

ac voltmeters, signal generator
outputs, or the frequency re-
sponse of ’scopes

oo« Ballantine Laboratory Standards
Jor AC FVoltage Measurements

Acts as a low impedance source of accu-
rately known voltage at frequencies from
0 to 900 Mc. It consists essentially of a
UHF thermocouple whose heater is in
series with a special radial resistor. When
connected to an external signal source,
the voltage drop across the resistor can
be held to a known value over a range
of frequencies from 0 to 900 Mc by
monitoring the dc output of the thermo-
couple. Each thermocouple-resistor com-
bination can be operated over a voltage
range of 4 to 1 selected between the
limits of 15 microvolts and 1 volt. The
device is ideal for calibration of ac volt-
meters, ’scopes, or signal generators.
There is probably no device better
adapted to these tasks, principally be-
cause it is so simple to use over such a
wide range of frequencies. It is based on
designs by Mr. Myron C. Selby of the
National Bureau of Standards.

MODEL 393 HF (HIGH FREQUENCY ) TRANSFER VOLTMETER

A device for the precision measurement
of ac voltages of 1 to 50 volts at frequen-
cies from 25 cps to 30 Mc. Measurements
are made by equating an unknown ac
voltage to an accurately measurable dc
voltage using a resistor-thermocouple
probe. Accuracy is better than 0.1% up
to 10 Mc, and better than 0.5% to 30
Mc even without application of calibra-
tion data. It is based on designs by Mr.
F. L. Hermach of N. B. S.

MODEL 390 A-T (ATTENUATOR-THERMOELEMENT) VOLTMETER

A laboratory standard device for meas-
urement of voltages from 1 volt to 300
volts (depending on frequency) from 10
Mc to 1000 Mc. NBS calibration is avail-
able to 400 Mc at the present time, but
facilities are planned to 1000 Mc. The
Model 390 is based on a design by Messrs.
Selby and Behrent of N. B. S.

1932

30ynrs Ask for 4-page brochure on

S any of these instruments.

MODEL 440
MICROPOTENTIOMETER

Price: $175 per resistor, plus
$75 per thermocouple
housing assembly.

Price: $950 with 5 probes, 1 to 50 volts

Price: $1700

= Since 1932 =

B BALLANTINE LABORATORIES i

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC AND DC/AC
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES.
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ternal structure can often overcome
some of the effects of space charge;
thus appears the importance of be-
ing able to move the tube elements
while the tube is in operation.

Use of the movable-electrode ana-
log can reduce substantially the
time and cost required for the de-
sign of large power tubes. Previ-
ously, several prototypes had to be
built before the designer could find
a close approximation to optimum
element shape and position. Data
for prototypes came from measure-
ments of potential distribution in a
larger-than-scale model submerged
in water, from the behavior of steel
balls as they rolled over a contoured
rubber diaphragm, or the distribu-
tion of voltage over resistance pa-
per on which a drawing of the tube
had been made with conducting ink.
All these analogs were designed to
determine electron flow, yet none
of them could produce good infor-
mation on the space-charge effect,
which is so important in tube de-
sign.

Getters Adsorb
Organic Contaminants

MOISTURE getters cut relay fail-
ures, remove contaminants

USE OF a unique glass that adsorbs
moisture and contaminants doubles
the reliability factor of micromini-
ature and subminiature relays used
in missiles, aircraft and space satel-
lites. The dessicant helps assure
hundreds of thousands of miss-free
operations in critical switching cir-
cuits under conditions of launch,
reentry, ballistic flight or orbital
flight.

Babcock Relays Division of Bab-
cock Electronics Corporation of

electronics



Costa Mesa, Calif., said the des-
sicant is an activated getter made
in molded form by Corning Glass
Works. The material is Corning’s
Vycor brand porous glass—Code
7930.

With the glass getters, relays as
small as 0.048 cubic inch and as
light as 0.1 ounce exhibit relatively
long life, high contact rating and
high temperature capability, ac-
cording to Babcock’s Carl L. Mar-
tin. He said the porous Vycor
getters were chosen for the high-
reliability relays because of adsorp-
tion property in a relatively small
matrix. They can be molded to
close tolerances, space inside the
relays can be utilized to the maxi-
mum. Martin said that forces of
more than 100 G’s have been with-
stood successfully by the relays
without getter flaking or cracking.

THIRSTY GLASS—The getter is
a porous, high silica material
formed by leaching the fluxes from
a special borosilicate composition.
Average pore diameter is four
millimicrons and void space is 28
percent of volume. Internal surface
area is 150 to 200 square meters
per gram. The apparent specific
gravity of the glass, when dry, is
1.5.

Approximate chemical composi-
tion of dry Vycor thirsty glass is
96 percent Si0O., three percent
B.O,, less than one percent R.O,,
and a trace of alkali.

Organic material contaminates
glass exposed to air, so getters are
shipped in glass containers of de-
ionized water.

The getters are installed in re-
lays by Babcock in a white room.
The assemblies are subjected to a

bake cycle at a temperature above

200 C and a vacuum below five mi-
crons of mercury for about one
hour. The cycle, which is the sec-
ond received by the relays, removes
about 90 percent of the contami-
nants in the devices.

During operation, Martin said,
the activated getters prevent relay
contacts from being fouled by con-
taminants emitted at elevated tem-
peratures. This contamination is
the major cause of erratic per-
formance and eventual failure of
hermetically sealed relays. Up to
99 percent of organic contaminants
remaining after production degas-
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VEGA MODEL
V-30

Not just another!

This one has solid state electronics,
data and audio versions, outstanding
specifications. .. and it's economical.

Here's a compact two-speed professional
magnetic tape recorder/reproducer that
is economical in original cost and in oper-
ating cost . . . yet so versatile it will
meet a wide variety of your requirements.
It's the new Vega Model V-30.

It has the lowest wow and flutter of any
known commercial machine . . . its elec-
tronics are completely SOLID STATE, on
plug-in cards (S/N ratio is equal to the
best of competitive tube-type recorders).
The completely transistorized electronics
give you low power consumption, low
heat, and simplified unitized servicing.

The two-speed transport’s non-electronic
servo system keeps tape tension constant
and makes possible “instant” start and
stop action so fast it can split syllables
... yet allows you to use thin-base double-
length tapes without fear of tape defor-
mation . . . for a tape footage capacity of
2,400 feet.

Audio version of the V-30 has independent
two-channel audio-frequency circuitry.

Data version may have up to 8 channels
on Y4 width tape . . . up to 32 channels
on 1” width tape . . . or Standard IRIG
spacing.

Compact size of the V-30 takes up very
little space in a standard 19” rack. Port-
able case available.

The transport is available separately, if
desired. Your choice of the two speeds
156 ips to 60 ips in 2:1 ratio, with cer-
tain other ratios on special order, and
choice of ¥4”, 1."” or 1” tape widths.
There are a variety of remote control
accessories and possibilities.

The V-30 was developed by and is manu-
factured by Vega Electronics at its plant
in Cupertino, California. Vega’s engineers’
experience in magnetic recording goes
back to the earliest days of the industry,
and includes intimate involvement in the
development of the majority of yester
day's and today’s top-rated professional
recorders.

WRITE - WIRE - PHONE

for complete description and specifications on the V-30,
and name of the nearest Vega sales representative.
VEGA ELECTRONICS CORPORATION, 10781 N. Highway 9
I\ (Mailing address: P. O. Box 145-F, Cupertino, California)

(408) AL 2-8704

VEGA ELECTRONICS CORPORATION
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LAMCOA

POWER SUPPLY

constant voltage » constant current

MODEL
4-36.50

$119.50

solid state * regulated

Big-Price Features At Low Cost —

o Constant Voltage Input Transformer
With Faraday Shield

o Two Precision Core Magnet Meters

Check ALL the factors that are important to you.
This new, compact, portable LAMCOA Solid State
Regulated Constant Voltage, Constant Current Power
Supply checks out ‘‘AOK’ on every one — including
cost far lower than comparable equipment, and a
ONE-YEAR unconditional guarantee!

A world famous national laboratory subjected the
4-36.5D to its most rigorous test procedures to verify
for themselves our claim of built-in engineering
integrity. Its superior performance and reliability
amazed them. You'll be amazed, too. Let this versa-
tile little instrument do a big job for you in equip-
ments, testing, precision production monltorlnF and
many other applications, Carrying handle doubles as
elevating bench rest. Rack or panel mount available,

SPECIFICATIONS

Constant Voltage — 4 to 36 v, 0 to 500 ma
Constant Current — 4 to 30 v, 0 to 400 ma
Regulation — 0.05%, Line and Load
Ripple — Less than 1 mv, rms

Recovery Time — 50 usec

Operating Temperature — —25°C to 50°C
Input — 100 to 130 v, 60 cps

Size — 5” x 6” x 712" - Wt 8Y2 Ibs

SEND FOR BULLETIN 4-36.5D

Reps — Several Choice Territories Still Open «
Phone, Wire or Write Today.

LASERS

AND

MASERS
CORPORATION
OF

AMERICA

Hudson Street « Mineola, N.Y.  (516) Ploneer 7-5150
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sing are adsorbed by the dessicant.

Getter activation is a drying
process performed under controlled
temperatures, time periods and
moisture ambient. Properly done,
it removes water from the getters
while maintaining their porosity
and gettering effect.

Company began using activated
getters as an outgrowth of an or-
derly investigation into the causes
of relay failures. Started more
than two years ago, the studies
comprised what may have been the
relay industry’s first reliability
program. Each test sample was
subjected to hundreds of thousands
of operations at loads varying from
one micro-amp to 10 amps, temper-
atures from minus 65 to plus 125 C,
vibration of five G’s to 3000 cycles
per second, and shock beyond 1,000
G’s.

High-reliability relays are now
made available with glass moisture
getters. Various types are used in
airborne, spaceborne, undersea and
ground system applications, in-
cluding the Polaris missile and a
military satellite.

Delay Lines Utilize
New Glass Medium

DIGITAL DELAY lines, because they
are small, light, stable and reliable,
have applications in missile and
satellite guidance computers, in
high-speed circuits requiring wide
bandwidths and stability, in com-
puter circuits requiring storage of
high-speed video pulses, and in
commercial devices where inexpen-
sive but reliable lines are necessary
in large volume.

A new glass, developed by Corn-
ing, provides storage capacity for
delay lines used as buffers and
memories in digital computers and
processing equipment. Storage ca-
pacity of the improved glass is be-
tween 3,500 and 4,000 bits, temper-
ature coefficient is zero =1 ppm per
deg C at room temperature. Varia-
tion of the temperature coefficient
of time delay with temperature is
0.11 ppm per deg C.

Bit capacity is the product of
frequency and delay time. New
glass can be operated at frequencies
from one megacycle to higher than
50 Me, with delay times ranging
from approximately 500 usec to
about one usec.

Ford Instrument
builds

0.01% accuracy
ina
Size 23 Resolver

This extremely accurate Size 23 Resolver
is precision-engineered . . . exceeds MIL-
E-5272A.

SPECIFICATIONS :

B Maximum Functional Error (over 360° of shaft
rotation)....0.01% of input voltage at maxi-
mum coupling

®  Maximum Total Null Voltage
... 1 mv/volt input maximum

B Maximum Interaxis Error (rotor)...1.5 minutes
W Maximum Interaxis Error (stator) 1.5 minutes

W Maximum Variation of Transformation Ratio
(with input voltage from 6-18 volts with 12
volts input as reference) . .. 0.03%

® Maximum Variation of Transformation Ratio
{with input voltage from 0.3 to 6 volts)
...0.02% of 6 volts

Bulletin FR 62-1 gives full specifications.
It’'s yours for the asking. Write: 2.19

FORD INSTRUMENT CO.

DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Ave., Long Island City 1, N.¥.
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SMALL PART
PROBLEMS ?

EVIN Heavy duty instrument lathes offer the

i
best solution to small part lathe operations. 29 standard

models for first and second operation work in 3/16”,

5/16", and 1/2” collet capacities.

?
i
i

Shown above, an ACAF turret lathe set up to produce
the small needle valve, illustrated, with a 0.0118” bleed
hole. The self indexing turret is extremely sensitive
for fine work. Speed regulation is continuously variable
from 0 to 4000 r.p.m. with IR drop compensation.

SEND FOR COMPLETE CATALOG

LOUIS LEVIN & SON, INC.
® 3573 Hayden Ave., Dept. E - Culver City, California
New York Representative and Showroom

RUSSELL-HOLBROOK & HENDERSON, INC.
292 Madison Ave., New York 17, N.Y.
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PRODUCTION TECHNIQUES
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NOTE SHARPENING of corners in master drawing (A) and web to keep part from falling into bottom of etch bath.

(D) Exposure

High contrast film is used to make the negatives (B); a vacuum film holder should be used for highly accurate work.
Gang negatives (C) are useful for volume production. After the coated metal is exposed (D), it is soaked in developer,
rinsed, then oven dried. After etching, the part is cleaned of resist in a hot stripper. Complex parts are stored in sheet
form to prevent tangling; the holding web is cut through when the part is used

VACUUM=— <> VACUUM

FINISHED CUT SHOWING CHARACTERISTIC PROFILE
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(E) ETCHING ACTION

Photofabrication Makes Intricate Parts Quickly

High volume output for
production or one only
parts for R & D

By NICHOLAS REINHARDT
RAYMOND FLUKE
HARRIS TRAIGER

Edgerton, Germeshausen & Grier Inc.,
Boston, Mass.

NEW PHOTOENGRAVING tech-
niques using specially prepared
high speed etching baths are pro-
ducing intricate burr-free parts
quickly and cheaply. Molybdenum,
titanium, tungsten, soft nickel and
copper, Hastelloy, and other tough-
to-handle materials commonly used
in electron tube manufacturing can
be shaped with the acid etching
technique. Gold is the only material
noted so far that presents difficult
problems in chemical etching al-

74

though it can be handled with elec-
trolytic etching.

A variant of photoetching for
printed circuits and nameplates, the
process was developed to produce a
molybdenum heating element for a
super power hydrogen thyratron
tube. Attempts to machine the
spiral from a sheet of molybdenum
produced a strained, burred piece
costing nearly $75 in labor.

With experimentation, it became
possible to photofabricate perfect
parts in only 30 minutes. Labor
saving refinements such as gang-
processing and etch bath improve-
ments have cut the time to make
similar parts to seconds in large
quantity, or to a few minutes for
small lots. Titanium, for example,
can be gang e*ched at 7% mils per
minute from both sides.

PROCESS—The first step in the
process is to make an enlarged view

of the part to any convenience scale
(see A of sketch). The allowance
for undercutting during etching is
usually about 0.4 times stock thick-
ness; line weight is about the same
as stock thickness. This master is
then photographed on a reduced
scale to yield negatives the exact
size of the part. Great care and pre-
cision, with attention to small de-
tails of technique, is required for
good negatives. To produce parts
in reasonable volume, gang-nega-
tives can be made, but for highly
accurate work, first generation
negatives must be used.

The metal to be etched is coated
with photosensitive material ac-
cording to the manufacturer’s di-
rections, tight control being exer-
cised te obtain a blemish free film.
The coated metal is then sand-
wiched between negatives and ex-
posed to a cool, intense flash of
light, which exposes all coating not

electronics



FREE
BOOKLET
FROM
DUPONT

—tells about new ultra-pure“Freon’ solvent
for precision cleaning

Free 12-page booklet gives complete specifications
for new “Freon” precision cleaning agent created
specially for “white-room” and critical cleaning
applications. It describes in detail the analytical
control and packaging procedures which insure
your receipt of a cleaning agent with a purity
previously thought commercially impractical.

It’s free . . . no obligation . . . mail coupon or
write for your copy. “Freon” Products Division,
E. I. du Pont de Nemours & Co. (Inc.), Wilming-
ton 98, Delaware.

““Freon” is Du Pont’s registered trademark for fluorocarbon compounds.

FREON @UPOND

A5Gy, 5. par.OFF

precision cleaning agent BeTTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

September 7, 1962

MAIL COUPON FOR FREE BOOKLET
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E. I. du Pont de Nemours & Co. (Inc.)
“Freon”” Products Division N242E-9
Wilmington 98, Delaware.

Please send me new booklet giving specifications, ana-
lytical control and packaging procedures for *‘Freon”
precision cleaning agent.

Name

Title

Company

Street

City Zone State
(] Please have a technical representative call,
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SWITCH
PROBLEMS?

NORTH ATLANTIC

Sealed Switch

Assemblies & Modules

Designed for application where reli-
ability and high performance speci-
fications prohibit printed circuit
switch wafers. All modules are sealed
to insure long-term performance in
severe environments, and can be
supplied in any assembly configura-
tion. Features include:

@ Silver alloy contacts break 2 amps
resistive load

® Long life—Ilow contact resistance

® Decimal outputs per module:
to 4 poles 6 positions,
or 2 poles 12 positions
® Coded output 1248 (with or without
complement)
® |[n-line readout for any number of
digits
® Only 11/16” panel space per module

Sealed switches available as bezel-
mounted assemblies, with or without
panel seal, or as individual modules
for prototype work. Your North
Atlantic representative has complete
data. Or write for Bulletin SM-400.

NORTH ATLANTIC

industries, ine.,

TERMINAL DRIVE, PLAINVIEW, L.1., NEW YORK
Telephone: OVerbrook 1-8600
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SPIRAL heater for a high power thyratron tube; 0.005 molybd.enum coated
with resist, the part ready for etching, the part after etching, and the
final part ready for special coating

protected by opaque areas of the
negative. The exposed pieces are
developed and dried, then agitated
in acid etching baths; etchants are
proprietary variation of standard
pickling solutions. Unexposed por-
tions of the metal are rapidly eaten
away, leaving an accurate part that
needs only to be stripped of the ex-
posed coating to be ready for im-

mediate use. Careful control of
etching time, temperature and
cleanliness is required; Theat

buildup at etching points is kept
under control by the agitation.

APPLICATIONS — Currently,
more than 20 different thyratron
and crt parts are being made to
close tolerance. Many sizes of heavy
spiral-strap heaters and serpentine
structures are being made to re-
sistance tolerances of =1 percent
and mechanical tolerances of
#+0.001 inch. Throw-away masks
for a flame-spray process are being
produced in 0.020 inch stainless
steel. Elaborately pierced titanium
rings and plates are produced in
thicknesses to 0.040 inch; double
register techniques allow limited
use of a third dimension to produce
lands, grooves, ridges, lettering,
and locating features. Maximum
stock thickness is a function of the
size of the smallest detail. For or-
dinary work, this is about 0.7 of
stock thickness.

The process requires semi-skilled
personnel and experienced super-
visors. All steps must be closely
controlled and safe practices fol-
lowed. Costs depend mostly on la-
bor utilization. Company developed
exposure and processing equipment,
for example, can produce accurate
work as inexpensive as a few cents,
depending on size and volume. Set-
up costs show a wide spread, but de-
pend on part complexity and the
precision required. But costs are
always well under the costs for
equivalent machining or die-work.

Photofabrication is especially
useful in R&D work, where flexibil-
ity is important and where ma-
chined parts are expensive. The en-
gineer is freer to design since
restraints on machining feasibility
and part complexity are much less.

Design changes often involve no
more than changing a drawing and
rephotographing it; in some cases
the negative itself can be revised
with india ink or by cutting. Once
a final design has been made, the
negative can be used indefinitely,
with no variation in part as a re-
sult of changing from temporary to
permanent tooling. Variations in
stock thickness or other properties
can be allowed for by revising
drawings alightly.

The photofabrication process al-
lows a new part to go from original
idea to finished part in 3 a work-
ing day, when necessary.

Ceramics in Magnetic Cores
Allow Extreme Environment

A CERAMIC laminating process for
motor and transformer cores has
been developed by Ceramco Inc.,
Chemists, Newark, N.J.

The process employs specially
prepared frits with expansion co-
efficients closely approximate to
those of the lamination metal. The
frit is applied to individual lamina-
tions which are then stacked and
fired above 1,200 F.

A second coating of frit is ap-
plied and fired to cover wire slots
and end laminations. The result is
a vitrified ceramic bonded core free
of organic binders or insulators,
and rigid and stable in high tem-
peratures and under radiation.
Electrical properties of the lamina-
tion metal are retained by careful
application and removal of heat
during the various steps.

Although the basic process was
ready in 1955, lack of suitable wire

electronics



Tung-Sol lead-mounted silicon recti-
. fiersinJEDEC“tophat”’ configuration

SELECTED RATINGS
MATGH INDUSTRY NEEDS provide designers with exceptional
selectivity over a broad range of

g industry requirements—from general-
TUNG-SOL purpose to high environmental, low-
SI l UN leakage applications. Low forward
l. c voltage drop and low reverse current
REG‘I’I FIERS are characteristic of the whole line.
Tin plating of all types provides
corrosion protection and optimum
solderability. Operating temperature
ranges of —65°C to +165°C makes
Tung-Sol silicon rectifiers ideally
suited to high ambient temperature
applications.

Tung-Sol silicon rectifiers are
available for immediate delivery in
volume from the factory and locally
from a nationwide network of dis-

tributors. Tung-Sol Electric Inc.,
Newark 4, N.J. TWX: NK193.

Send for this helpful comparison
chart. The first comprehensive &
technical data guide enabling the ' & 2
designer to compare at a glance & iivaiiue +
all the most widely used top hat
types for the specific ratings and
curves critical to his application.
Write for a free copy.

 DATA GUIDE

Technical assistance is available
through the following sales offices:
Atlanta, Ga.; Columbus, Ohio; Culver
City, Calif.; Dallas, Tex.; Denver,
Colo.; Detroit, Mich.; Melrose Park,
1ll.; Newark, N.J.; Seattle, Wash.
CANADA: Montreal, Que.; Abbey
Electronics, Toronto, Ont.; Prairie
Pacific Distributors, Ltd., Edmonton,
Alta.

®TUNG-SOL
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“If I can see farther
than other men, it’s
because I stand on the

shoulders of giants.”
Sir Isaac Newton
e e e S——

It's not that we invite comparison
with Newton. But, there's a point
to be made. The point is a simple
one . . . today, all of us have the
shoulders of giants to stand upon
—many more than Newton had.
Yet, how many of us use this van-
tage point to see ahead? We at
Telerad, do. On this point we wel-
come comparison with our com-
petitors. At Telerad, creative
research is the byword. Whatever
your field of interest—systems
or component engineering, re-
search and development or
straight purchasing of standard
components —call us at Telerad.
Look ahead with us.

A small reflection of Telerad's
capabilities is the recent develop-
ment of new. ..

FERRITE
LOAD

ISOLATORS

These isolators are of the reso-
nance type. The principal advan-
tages of the resonance isolator in
rectangular waveguide are com-
pactness, simplicity of construc-
tion, relatively high power han-
dling capacity, and high forward
to reverse attenuation ratio.
Whether your requirements are
for high average power or high
peak power, Telerad has the iso-
lator design for your application.

/
ELERAD

A DIVISION OF LIONEL CORPORATION

FLEMINGTON, N. J.
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delayed further development. Re-
cently, several ceramic coated wires
have been made available and the
process can now be applied to pro-
duce electrical equipment that can
be operated under extreme environ-
mental conditions.

Tolerances can be held as closely
as with resinous materials. Grind-
ing to finish dimensions presents
no major problems, and excellent
bonds have been achieved with in-
ter-laminar thicknesses of 0.00025
to 0.001 inch.

Precision Cable Cutter
For Missile Harnesses

CUTTING and stripping ribbon
cables for missile harnesses with-
out damaging the conductor or in-
sulation is being accomplished by
General Dynamics/Pomona, Calif.,
with a special tool.

Because of the close tolerances
involved in fitting the wiring into
the missile (sometimes to within
one-thousandth inch), precise cable
dimensions are necessary.

Blades are carefully positioned
at both top and bottom of the die.
The ribbon is first split to separate
wires ends, then placed carefully in
the die. The blades cut the wires to
the required depth, and, using an
air pressure cylinder to separate
the leads, the cables are stripped of
insulation.

The process works through both
an outer and inner layer of insula-
tion as well as shield braiding.

electronics IS EDITED
TO KEEP YOU
FULLY INFORMED —

a'‘well-rounded’’engineer
g

What’s your present job in elec-
tronics? Do you work on compu-
ters? (electronics ran 158 articles
on computers between July, 1961
and June,1962!) Are you in semi-
conductors? (For the same period,
electronics had 99 articles, not in-
cluding transistors, solid-state
physics, diodes, crystals, etc.)
Are you in military electronics?
(electronics had 179 articles, not
including those on aircraft, mis-
siles, radar, etec.

In all, electronics’ 28-man edi-
torial staff provided more than
3,000 editorial pages to keep you
abreast of all the technical devel-
opments in the industry. No mat-
ter where you work today or in
which job function(s), electronics
will keep you fully informed.
Subscribe today via the Reader
Service Card in this issue. Only
7' cents a copy at the 3 year rate.

electronics

electronics



continues to

The temptation is present in these days
of lowering prices and shrinking profit
margins to build a “cheaper” product.
CLIFTON PRECISION CONTINUES
TO STRESS QUALITY.

In fact, we list herewith some recent im-
provements which make our rotating
components more expensive to build, But
they give you a better product.

As pioneers in the synchro and rotating
components field, we think our years of
experience in building a QUALITY prod-
uct continue to give buyers a plus factor
that they will not want to overlook.

stress QUALITY

QUALITY FEATURES

1. Improved high temperature re-
sistant magnet wire is used in all
synchro construction. Standard
units now withstand in excess of
125°C,

2. Improved high temperature re-
sistant epoxy impregnation of
rotors and stators is used in all
synchros and servo motors.

3. Higher temperature resistant
silicon lubricants are used in all
bearings.

4. High temperature resistant slot
insulation in all synchros and servo
motors permits repeated high po-
tential testing with no deteriora-

CLIFTON PRECISION PRODUCTS CO, INC.

September 7, 1962

tion of insulating characteristics.

5. Completely solderless brush
construction eliminates cold solder
joints,

6. Improved interlaminar insula-
tion techniques give our synchros
and servo motors lower power
consumption due to core losses
thereby giving same or better elec-
trical performance with a cooler
design.

7. Increased usage of gold alloys
in critical areas of slip ring con-
struction (including increased
thickness) improves reliability and
permits versatility of slip ring
design,

C

Clifton Heights, Pa,
Colorado Springs, Colo.
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o
erating life at tem-
; . Polar and non-
ar. :
P!ggr 10 to 150 WVDC; 0.15 to 160

d: 10 to 150 WVDC; 0.5 to 580
~ Write for Form 2888.

specialist
in miniature
Electrolytic
Capacitors
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You get an extra measure of value and reliability in
every iei capacitor. iei, pioneer maker and re-
searcher, continues to be the only manufacturer
specializing in miniature electrolytic units.

To your circuits, this means lowest d-c leakage, best
stability and outstanding performance in the tough-
est environments. To you, iei capabilities mean
friendly and prompt attention to every inquiry,
on-time shipments and the certainty that each unit
embodies the latest in scientific advances.

iei miniature electrolytics are now in stock at many

September 7, 1962

electronics distributors. Descriptive bulletins sent on
request. International Electronic Industries Division,
Standard Pressed Steel Co.

International Electronic Industries Div.

BOX 9036-94, NASHVILLE, TENNESSEE
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NEW PRODUCTS

DESIGN AND APPLICATION

ISOL IS0L FIRST
AMPL ATT FILTER AMPL *| LIMITER
N t
IOMV TO 10V RMS FEEDBACK
PHASE
ouT LOW SECOND
siov—| AMPL PASS BEIaD LIMITER

Predetection Playback to 150 Ke

Phase-lock principle allows
control of bandwidth under
poor signal-to-noise ratio

RECENTLY announced by Data-
Control Systems Inc., East Liberty
St., Danbury, Conn., the model
GFD-4 transistorized predetection
playback discriminator is a phase-
locked, loop-type f-m discriminator
designed to demodulate high fre-
quency subcarriers or predetection
recorded signals having demodu-
lated frequency components as high
as 300 Kec. Input level is between
10 mv and 10 v without adjustment
with impedance of 1 megohm
shunted by 50 pF. Channels are
available with high band edge fre-
quencies up to 1 Me. Deviations
from =7.5 to =43 percent may be

Reference Audio Oscillator
Has 0.029% Stability

AMPL AMPL
ouT
D-C
MER [ REF
= A=C =
AMPL I\’W—' DTPC -

MANUFACTURED by Burr-Brown Re-
search Corp., Box 6444, Tucson,
Arizona, the model 9174B transis-
torized reference oscillator is con-
tinuously adjustable between 10

82

used. Output is variable between
=+1 to =10 v for full bandwidth de-
viation with increasing frequency
causing a positive output and de-
creasing frequency a negative out-
put. Frequency response is d-c to
300 Ke. Loop filters are available
for either frequency multiplexed or
pulse-type data. The phase-lock sys-
tem is used to allow control of video
bandwidth when poor signal-to-
noise ratio is encountered. Phase
linearity of input, loop, and output
filters are controlled to minimize
errors in pulse systems due to tran-
sient response characteristics while
amplitude linearity keeps harmonic
and intermodulation products to
negligible levels. The unit can drive
combinations of tape recorders, and
secondary demodulation equipment.
CIRCLE 301, READER SERVICE CARD

and 100,000 cps and produces sine
waves with less than 0.02-percent
amplitude stability and less than
0.05-percent distortion. Output is 3
v rms into a 600-ohm load. The cir-
cuit is an ultra-stable Wien bridge
oscillator stabilized by applying the
output to a precision a-c to d-¢ con-
verter-integrator. The output is a
d-c signal proportional to the ampli-
tude of oscillations. This voltage is
compared to a zener d-c reference.
Any error signal is amplified, fil-
tered and fed back to a modulator
so as to maintain constant output
amplitude. High-gain d-c amplifiers
perform the various functions. Ac-
curacy is =1 percent and effects of
temperature, jitter, hum, noise, line
intermodulation, 20 v line changes

and microphonics is less than 0.02
percent. (302)

Stabilizing Klystrons to
1 Part in 107

RECENTLY announced by Micro-
Now Instrument Co., 6340 N. Tripp
Avenue, Chicago 46, Illinois, the
model 201 klystron frequency sta-
bilizer will control klystrons to 25
Gce with the stability and accuracy
of a crystal-controlled oscillator.
Stability is 1 part in 10” and can be

— 70Ut
KLYSTRON MM st MIXER
B T e R —l—_"i
[ o-c —r |1
U] amel [ PSC 1= ameL |
SRIEL . A A 5 4

used with any klystron delivering
more than 1 mw power. The unit is
used with a microwave frequency
calibrator and the only frequency
limitation is the power output of
the microwave harmonic multiplier.
As shown in the sketch, the unit
consists of an i-f amplifier, dis-
criminator, d-c¢ amplifier and net-
work for coupling to the reflector
of any klystron. Part of the kly-
stron output is sampled and fed to
a conventional microwave mixer.
Harmonics from the microwave
source are also fed to the mixer.
The i-f frequency is 60 Mc. Varia-
tions in klystron frequency produce
error signal that correct klystron
frequency to that of harmonic gen-
erator. (303)

Overvoltage Device Arrests
Extremely Large Transients

ANNOUNCED by Electro-Neutronics
Inc., 1401 Middle Harbor Rd.,
Oakland 20, California, is a fam-
ily of transient voltage arres-
tors for the elimination and/or
isolation of voltage transients or
overvoltage conditions from com-

electronics



THREE GOOD
THINGS TO KNOW
ABOUT RAULAND

Scan
o= Converter

N@ | STORAGE TUBES

su-s«:-m@b

® Resolution Capability of 800 to 1000
TV lines

® Erase Capability of less than 2 seconds

® Extensive research and development
facilities make tubes available to you in any
combination of electrostatic or magnetic
deflection

Two stock types are:

(1) Magnetic write deflection and electro-
static read deflection

(2) Magnetic read and write deflection

Many other combinations are possible—and
available. Your inquiries are invited.

FLAT FACE HI‘GH-RESBLIITIUN,

DISPLAY TUBES HIGH-BRIGHTNESS
Rauland’s flat face tubes TUBE

(16”7, 227, 24”) minimize
parallax error., Resolution
capability of 1000 TV
lines at a brightness of
100 foot-lamberts, We
will suit your specific re-
quirements with any type
of radar display tube
in any size with any type
phosphar or gun,

Round 21” high voltage
CRT will resolve at least
1000 TV lines ata bright-
ness of 300-500 foot-
lamberts. For dis-
plays under high
ambient light
conditions.

Write or phone...

A subsidiary of

Ll

Radio Corporation,
Chicago, lliinois

The RAULAND Corporation s N. KNOX AVE.. CHICAGO 41,ILL. - MULBERRY 5-5000
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84

Chemical Division BN

Skilled processors extrude, mold, machine

KEL-F 81 to your most critical “specs”’’!

BRAND PLASTIC

KEL-F 81 Brand Plastic not only defies extreme
environments—it can be made into a practically
unlimited variety of forms and shapes by the
skilled hands of authorized processors. These
processors (see list, right) provide critical com-
ponents for aerospace, electronics, chemical proc-
essing, other applications—are required by 3M
to utilize ZST testing to assure consistently high
molecular weight and uniformity.

MOLD IT, EXTRUDE IT, MACHINE IT! A true
thermoplastic, KEL-F 81 Plastic includes chlorine
in its fluorochemical structure to facilitate proc-
essing, assure toughness. Processors extrude this
non-porous plastic in almost unlimited lengths,
in diameters from 1/16” to 8”! They mold KEL-F
81 Plastic by injection, compression or transfer
methods with precision as fine as =+.002"!
Machining characteristics are comparable to

brass, afford tolerances as small as =.0005"!
KEL-F 81 Plastic may be heat-treated to range
from highly crystalline to essentially amorphous,
as desired. Thin sections can have great optical
clarity, permit infrared transmission.

7 ENVIRONMENT-DEFYING PROPERTIES OF
KEL-F 81 PLASTIC! 1) 800-degree range: —400 to
+400°F. 2) Chemical inertness: resists most cor-
rosive media, even LOX. 3) Zero moisture
absorption: even with constant contact with cor-
rosives. 4) High dielectric strength: arc resistance
greater than 360 seconds. 5) High mechanical
strength: excellent tensile, impact and compres-
sive strengths, low cold flow. 6) Abrasion resist-
ance: not easily abraded mechanically or by
slurries! 7) Radiation resistance: retains great
strength despite severe exposure. For technical
assistance, see column at right.

""KEL-F" IS A REG. TM OF 3M CO.

MINNESOTA MINING E MANUFACTURING CO. Bm

CIRCLE 84 ON READER SERVICE CARD
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KEL-F 81 Plastic

BRAND

. complete fabrication
services

Listed below are the fabricators
authorized by 3M Chemical Divi-
sion to process KEL-F 81 Plastic.
They provide wide experience, ex-
tensive processing facilities to help
solve design problems. For chemi-
cal processing applications, these
processors supply such parts as
seals, valve and meter components,
pipe liners, many others. Typical
parts for aerospace include elec-
tronic components, LOX seals,
valve diaphragms and the like. For
electronics, they make film for en-
capsulating circuitry, switch com-
ponents, sockets, coil forms, con-
nectors, many other parts. Proces-
sors will be glad to provide addi-
tional information and technical
assistance with KEL-F 81 Plastic.
Or write Chemical Division, Dept.
KAX-92, 3M Company, St. Paul
19, Minnesota.

AUTHORIZED PROCESSORS
OF KEL-F 81 PLASTIC

Adam Spence Corp.,

963 Frelinghuysen, Newark N. J.

Allied Nucleonics Corp., i

2421 Blanding Ave., Alameda, Calif.
Auburn Plastics, Inc.,

Auburn, N. Y.

Bonny Manufacturing Corp.,

146 Main St., Maynard, Mass.

Carmer Industries, Inc.,

22 N. 26th St., Kenilworth, N. J,

The Fluorocarbon Company,

1754 Clementine, Anaheim, Calif.
Fluorulon Laboratories, Inc.,

Box 305, Caldwell, N. J.

Garlock, Inc.

Camden 1, N. J.

G-W Plastic Engineers, Inc.,

Bethel, Vt.

Gries Reproducer Corp.

125 Beechwood Ave., New Rochelle, N. Y.
Modern Industnal Plastics, Div. of Duriron
Company, In

3337 N. Dixie Dr Dayton 14, 0.

Moxness Products, Inc.,

1914 Indiana Ave., Racine, Wis.
Penn-Plastics Corp.,

100 Fairhill Ave., Glenside, Pa.

Pli-0-Seal Mfg. Co., Sub. of Zero Mfg. Co.,
1010 Chestnut St., Burbank, Calif.
Raybestos Manhattan, Inc., Pacific Div.,
1400 Orangethorpe, FuIIerton Calif.
Rockwell Manufacturing Co., Plastics Plant
1350 Fifth Ave., East McKeesport, Pa.

L. W. Reinhold Plastics, Inc.,

8763 Crocker St., Los Angeles 3.

Saunders Engineering Corporation, |
3012 Spring St., Redwood City, Calif.

W. S. Shamban Co.,

11617 W. Jefferson Blvd Culver City, Calif.
Thermotech Industries, Inc., ‘
3336 Gorham Ave., Minneapolis 26, Minn.
Timely Technical Products, Inc., Industrial
Plastic & Engineering Div.,

Verona, N. J.

Tube Turns Plastics, Inc., Halochem

Products Div.
3713 Forest Lane Garland, Texas.

3m
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munications systems or electrical
equipment. One typical device, the
model SX550x100, clamps between
2 and 50 v (preset) with a maxi-
mum protection of greater than
5,000 v, peak current is 10,000
amperes (20 psec or more) falling
off to 1 ampere in 100 ms. Response
time is less than 0.2 usec and re-
covery time is less than 10 usec at
1 Kv pulse and less than 30 usec at
5 Kv pulse. Input-output impedance
is 600-ohms balanced, frequency re-
sponse between 100 cps and 14 Kc
is ==0.1 db and between 10 Kc and
48 Kec, response is =0.2 db. Phase
delay distortion is less than 50
usec. Special models have been de-
veloped for computer inputs, d-c
circuits and power supplies.

CIRCLE 304, READER SERVICE CARD

Miniature Choppers
Withstand 100 G Shock

CAMBRIDGE SCIENTIFIC INDUSTRIES,
INC., 18 Poplar St., Cambridge, Md.,
offers electromechanical choppers
that withstand over 100 g shock and
extreme environmental conditions.
Measured into a 100 ohm load at
either 60 or 400 cps, the units fea-
ture no noise. Designated 228 for
60 cps and 428 for 400 cps, they
measure 0.525 by 0.750 by 0.350.
Available at $50 each in quantities
of 1 through 6. (305)

N

Mechanical Filters
Offered in 5 Types

COLLINS RADIO Co0., 19700 San
Joaquin Road, Newport Beach,

Calif. New family of mechanical
filters include three 455 Kec center
frequency filters with bandwidths
of 800 cps, 2.7 Ke and 12 Ke and
two 500 Kc filters with bandwidths
of 200 cps and 800 cps. All have
steep-skirted selectivity with 60 db
to 6 db shape factors as low as 2.5
to 1. All are packaged in durable,
high-impact phenolic cases and are
suited for circuit board manufac-
turing techniques. (306)

Variable Resistor
Meets Mil Specifications

CTS OF BERNE, INC., Berne, Ind.
Type 321 is a 1% in. diameter mili-
tary grade variable resistor with
full 3-w rating at 70 C and highly
reliable carbon-ceramic element. It
provides reliability and stability of
MIL-R-94B under extreme environ-
mental conditions, but at the price
of a conventional 2-w industrial
control—55 to 65 cents in produc-
tion quantities. The unit’s resist-
ance range is 250 ohms through
2.5 megohms linear taper and 2,500
ohms through 1.0 megohm audio
taper. (307)

P-Cﬁ VPote’ntiorﬁ.éter
Has Panel Mount Quality

WATERS MFG., INC., Wayland, Mass.
The JPD/2 is a 3-in. diameter p-c
potentiometer with panel mount
quality. Operational in a tempera-
ture range from —55 C to 4+ 150 C,
it has been thoroughly tested to
meet and surpass MIL-R-19A re-
quirements. When mounted on an
insulated p-c board the JPD/2 dis-
sipates 1 w at 85 C. Available in
a resistance range from 10,000 to
20,000 ohms. For fast and accurate
reading of the wiper position there
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NEW DIMENSIONS IN RELIABILITY

Wire miniaturized components
with @ine-Qnap°® tools

Now you can wire miniaturized components with Gardner-Denver
“Wire-Wrap” tools. Use wire as fine as 30 or 32 gauge. Connections
with 32-gauge wire are possible on 1{(” modular spacings—permitting at
least 100 terminals per square inch. All you need is a newly designed bit
and nosepiece which fit on present battery-powered or other “Wire-
Wrap” tools.

All Gardner-Denver Wire-Wrap tools are simple and easy to use.
Permanent connections are made fast—in only 3 seconds to be exact.
They end failure headaches. These tools are rapidly—and understand-
ably —replacing less reliable methods.

Proof? Fifteen billion solderless wrapped connections; not one re-
ported failure. Get further proof.

Write for Bulletin 14-1 today.

ftﬁn.b@ EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW
o

) GARDNER - DENVER

Gardner-Denver Company, Gardner Expressway, Quincy, 11l.—Offices in U.S., Canada, Mexico
In Canada: Gardner-Denver Company (Canada) Ltd., 14 Curity Ave., Toronto 16, Ontario.
International: Gardner-Denver International Division, 233 Broadway, New York 7, N.Y.
Offices: Buenos Aires, Argentina; Artarmon, N.S.W., Australia; Brussels, Belgium; Rio de Janeiro, Brazil; Santiago, Chile; Bar-
ranquilla, Colnm*™ia: Lima, Peru: Ndola, N. Rhodesia; Salisbury, S. Rhodesia; Stockholm, Sweden; Johannesburg, Transvaal

.I;-hc(_ \15'9(3
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are numbered positions on the
housing with a scribe mark on the
dial.
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Capacitance Test System
Features High Speed

OPTIMIZED DEVICES, INC., Pleasant-
ville, N. Y. Model 1800 automatic
capacitor data logging system pro-
vides capacitance and dissipation
factor readings accurate to 0.5 per-
cent of reading at a speed of less
than 1 sec per measurement. Ca-
pacitors from 100 puf to 1,000 upf
can be measured and modules for
either 1 Kec¢ or 120 cps measure-
ments are available. (309)

Low-Cost Cycle Timer
Has Custom-Cut Cam

HAYDON DIV. of General Time
Corp., Torrington, Conn. The RL71
is designed to fulfill the need for an
inexpensive cycle timer on applica-
tions requiring speeds of not more
than 1 rpm, and a minimum off
time of 3 sec. Timer cam is cut to
the specifications of individual ap-
plications. The RL71 employs one
spdt combination quick disconnect
and solder switch to repeat a set
cycle or switching operation. (310)

Pressure Transducers

SEMTRAN INSTRUMENTS, INC., Route
73 Industrial Center, Maple Shade,
N.J. Model 1000 pressure trans-
ducers designed and priced for

electronics



A QUESTION OF SUPREMACY:

We make ears for the Navy at General Dynamics/Electronics-
Rochester. So we're conditioned to the urgency of getting
there first with the best in ASW equipment. A And we go to
unprecedented lengths to do so. Take the need to test
SONAR gear in an operational environment— |
where wind, ice, weather and sailing sched- |
ules conspire to pile up frustrating delays.
We've solved this problem by commandeering |
an entire lake—the only inland facility of its |

kind. Seneca Lake is the deepest of the pic-
turesque Finger Lakes of Western New York
State, with 600-foot depths and thermal
gradients similar to the Atlantic Ocean. It is

September 7, 1962

GHIHHD

GENERAL DYNAMICS l ELLECTRONICS —ROCHESTER

WHOSE EARS ARE KEENEST?

alsothe 35-mile long domain of a unique floating laboratory
of our own design. Within this hydrojet, self-propelled
barge, our engineers can reach deep water in minutes, and
test even 35-ton transducers throughout the year. A

SUTEC—Seneca Lake Underwater Test and
Evaluation Center—is one of several advan-
tages we enjoy in ASW—including comprehen-
sive indoor test facilities and a close working
tie with Electric Boat and other General Dy-
namics’ Divisions. A If you have any ASW
projects, remember: Every product we make
started with a question. We solicit yours. A
Write 1419 N. Goodman St., Rochester 1, N. Y.
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DC driven
CHOPPERS

’éSVW 'Nélém ‘08
INI 'GTONYV-SNIAILS
843dd0HI Jv:0d

No ACG!

For battery-oper-

ated portable low-

level d-c amplifiers
and

For transistorized d-c
amplifiers. Removes
stray a-c signals
from chassis wiring.
Eliminates null off-
sefs.

Write for
Catalog 554

STEVENS

INCORPORATED

ARNOLD

7 ELKINS STREET
SOUTH BOSTON 27, MASS.

S/A-21-1f3-V ‘
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OEM and industrial applications
feature an unamplified output of
up to 2 v.

CIRCLE 311, READER SERVICE CARD

Airborne Converter
Uses Few Components

TOWSON LABORATIORIES, INC., 200 E.
Joppa Road, Baltimore 4, Md. Model
OC-1001 is an airborne model of
capacitive charge transfer analog
to digital converter. Units are capa-
ble of wide temperature operation
and other environmental conditions
typical of MIL applications. They
offer high input impedance, sam-
pling aperture of 1.3 usec, == 2.5 v
full scale, 10 bit resolution plus odd
count parity bit, 23,000 encodings
or more per sec, serial binary NRZ
output code format. It is approxi-
mately 3% by 6 by 5 in. and weighs
3.5 1b. (312)

A-C Line Regulator
Gives Precise Control

ACME ELECTRIC CORP., Cuba, N. Y.,
announces an a-c line voltage regu-
lator that provides precise, step-
less voltage control for power loads
up to 60 Kva (single phase), and
180 Kva (three phase). Designed
for industrial application, the de-

|

B TRONIX, NG
S8 M e

PliSK ANG 2{R0

Control
An electronic voltmeter
with a meter-relay

This happy combination makes an ex-
tremely versatile and acute instrument.

It has critical measuring ability
that goes with high input imped-
ance, in space-saving panel-
mounting style.

It also has the reliable, simple
control of a locking contact meter-
relay, with adjustable set points.

Many difficult functions can be easily
controlled: conductivity cells, life test-

| ingof components or systems, production
| testing and sorting, automatic -Go-
| No Go of missile circuits.

Ready When Needed

Metronix DC instruments such as
Model 301-C-CMR (illustrated) have
input resistances up to 10 megohms.
AC input impedances go as high as 5
megohms. Like all Metronix panel-
mounting electronic voltmeters
(PMEYV’s), they are always connected—
immediately available for continuous
monitoring of critical parameters.

Send for data sheets describing
Metronix PMEV’s in single or multiple
ranges, DC or AC, with either meter-
relays or conventional indicating meters.

METRONIX

C - The Electronic Instrument Division
= of Assembly Products, Inc.
Chesterland, Ohio

Telephone: HAmilton 3-4440

CIRCLE 202 ON READER SERVICE CARD
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vice is suited for use with auto-
mated machinery, process control
instrumentation, data processing
machines, and other equipment

with critical, voltage sensitive cir-
(313)

cuits.

Reflex Klystron
Equipped with Serew Tuner

METCOM, INC., 76 Lafayette St.,
Salem, Mass. The 6310, designed
for plug-in electrical operation, has
a single screw tuner for ease

in changing frequency. It offers
rugged construction, tuning in the
X band from 8.5 to 10.0 Ge with 70
mw power output over the entire
range. Tuner is set for a uniform
60 in. oz torque over the range.
(314)

Small lot price is $175.

8

Monopulse Comparator
Used at L-Band

ANTENNA SYSTEMS, INC., Hingham,

Mass., offers a compact, high-
power, all-waveguide comparator
for use at 1,250-1,350 Mec. Input

vswr of the sum arm is less than
1.1, of the elevation difference arm
is less than 1.12, and of the azimuth
difference arm is less than 1.07.
Isolation between the sum arm and
elevation difference arm is greater
than 40 db, between the sum arm
and the azimuth difference arm is
greater than 42 db and between the
elevation arm and azimuth differ-
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TELEMETRY BY TELE-DYNAMICS

A featherweight
that does a
heavyweight's job

Tele-Dynamics Type 1284A Low Level Subcarrier Oscillator
weighs only 314 ounces and occupies only 414 cubic inches.

Produced for the new generation of space vehicles, this unit is
designed to. operate with differential signals as low as = 5
millivolts full scale. It provides meticulously engineered high
linearity and thermal stability together with exceptionally
rugged mechanical construction.

The Type 1284A oscillator provides—
e Low level operation with high level performance
e High input impedance
e High common mode rejection
e Optional deviation limiting
e Band pass filters for all IRIG channels

For the operating, environmental and physical characteristics
of this unit—or for details about Tele-Dynamics complete line
of transistorized telemetry components, write to

TELE-DYNAMICS

DIVISION
AMERICAN BOSCH ARMA CORPORATION
5000 Parkside Avenue, Philadelphia 31, Pa. 8847
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Only in a STANDARD instrument do you get all the features
“most wanted’’ in an interval timer:

UNEXCELLED PRECISION—Consistent, continuous accu-
racy over years of use. Accuracy to =.001 second available
in standard models.

INSTANTANEOUS ELECTRIC RESET—A “must” in many
instrument complexes—a plus benefit for all other applica-
tions.

PROVEN MECHANISM~—Synchronous motor driven—
electric clutch operated. Proved reliably accurate and
dependable by years of service.

CHOICE OF CONTROL—Start, stop and reset can be
manual, by electric circuit or output of electronic tubes.

RANGE OF MODELS—Portable or panel mounting—in a
wide selection of accuracies and ranges.

Request Catalog No. 198-B

THE STANDARD ELECTRIC
TIME COMPANY
89 LOGAN ST., SPRINGFIELD, MASS.

CIRCLE 90 ON READER SERVICE CARD

ence arm is greater than 42 db.
Differential phase variation be-
tween any two outputs is less than
2 deg.

CIRCLE 315, READER SERVICE CARD

Transformers
Are Color Coded

STANCOR ELECTRONICS, INC., 3501
Addison St., Chicago 18, Ill. Series
of miniature transistor transform-
ers are designed for p-c plug-in ap-
plications. They are called Poly-
chromatrans because of the color
coding technique used to differen-
tiate their function. There are 22
different transformers in the line,
covering most of the frequently
used transistor applications. All are
the same size, measuring 0.410 by
0.310 by 0.465 in. (316)

Standing-Wave Bridge
Can Handle 1,000 W

AMECO EQUIPMENT CORP., 178 Her-
ricks Road, Mineola, L. I., N. Y.
Model SWB is an inductive type
bridge that is continually left in
the line. It reads swr’s from 1.8
Mec to 225 Mc and can handle 1,000
w. It has negligible insertion loss.
Contains two SO0-239 uhf connec-
tors. Size: 1§ in. by 2% in. by 43 in.
Net cost, $9.95. (317)

Retaining Rings

WALDES KOHINOOR, INC., 47-16 Aus-
tel Place, Long Island City 1, N.Y.
New Truarc N-type retaining rings
(basic, bowed and beveled) are said

electronics



SUPER
WEE-DUCTOR

An ultra reliable MOLDED
SHIELDED r.f. subminiature
inductor —available in inductances
- from 0.1 «H to 100,000 «H in 73 values.
The SUPER WEE-DUCTOR is shielded for
minimum coupling in high density packaging
and has extremely low dc resistance. Only 0.410”
long and 0.157” in diameter, the SUPER WEE-
DUCTOR meets all the requirements of MIL-C-
15305B (Amendment #1), Grade 1, Class B, in-
cluding moisture and immersion resistance and
operation from —55°C to +125°C.

For complete engineering data, write Dept. WL-29,
or phone 201-464-9300. All values available
from stock.

INFTITRONICS, INC.

550 Springfield Ave., Berkeley Heights, N.J.
Design Leaders
STANDARD components to meet CUSTOM requirements

CIRCLE 203 ON READER SERVICE CARD

Exclusive Factory Representatives

ARISTO CRAFT

DISTINCTIVE MINIATURES

IO MIDGET DC MOTORS
for Consumer Products

LOW DRAIN, QUIET, LONG LIFE—LOW COST!
PRODUCTION—UP TO 2,500,000 PER MONTH
INFORMATION, SAMPLES, PRICES—RIGHT HERE IN U.S.A.

World’s Leading Line |
Large or small orders !
shipped on schedule. !
Over 30 sizes & types
from 172 to 12 volts.
Modifications made to
fit your needs. Also
sub-assemblies.

L

PER-MAG
CER-MAG

APPLICATIONS: Tape Recorders, Record Players, Clocks,
Shavers, Music Boxes, Cameras, Turntables, Appliances,
Toothbrushes, Displays, Toys, Hobbies, Etc.

Write for Catalog, Specs, Samples, Quotations. State intended use.
Also—miniature & sub-miniature “‘grain of wheat’’ light bulbs.
All voltages. Write for data.

RM-170S, 1.5-6V
RM-170SC, 3-12V

RM-170T, 1.5-3V

FM250N, 1.5-4.5V

FM-250R 1.5-6V
Supplying Midget Motor Needs for Over 25 Years

ARISTO-CRAFT Distinctive Miniatures (Dept. E-972)
@ 314 FIFTH AVE., N. Y. 1, N. Y. — BRyant 9-9034 tmmX
CIRCLE 204 ON READER SERVICE CARD
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Flame-Retardant

laminated plastics
for electrical and
electronic applications

There are now 4 flame-retardant Synthane lami-
nates to help the designers of computers, missile
control equipment, transformers, circuit breakers or
any other components subject to flame or heat.

These four grades FR-1, FR-2, FR-3 and FR-4 not
only have excellent flame retardance but they com-
bine many more properties desirable in an electrical
insulation, such as low moisture absorption, low
dielectric losses, mechanical strength and machin-
ability. Supplied plain or copper clad. It will pay
you to send for samples for your own evaluation
and test . . . or write for information.

[stHANE]

CORPORATION l_l OAKS, PENNA.
GlLendale 2-2211 TWX Valley Forge 735U
Synthane-Pacific, 518 W. Garfield Ave., Glendale 4, Calif. TWX GLDL 4417U

Synthane Corporation, 36 River Rd., Oaks, Pa.

Gentlemen:
Please send me your Engineering Bulletins on:
CONew Flame-retardant Grades [JNew High-temperature Grades

Name.

Address.
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PRECISION
TIMING SOURCE
for 60cps or 400cps
SYSTEMS

These transistorized crystal control oscilla-
tors provide a high precision timing source
for systems requiring close tolerance low
frequency synchronization, Designed to
deliver high stability without temperature
control. Ruggedized crystal unit assures
reliable performance under shock, vibra-
tion and random orientation. Hermetically
sealed plug-in module. Standard packages
for 60cps and 400cps systems. Custom
order for range 30cps to 2000cps.

Bulletin 530 available

...if you buy quality

BLILEY ELECTRIC COMPANY  ERIE, PENNSYLVANIA

CIRCLE 205 ON READER SERVICE CARD

How To Get Things Done
Better And Faster

BOARDMASTER VISUAL CONTROL

¥ Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

¥ Simple to operate—Type or Write on
Cards, Snap in Grooves
% Ideal for Production, Traffic, Inventory

Scheduling, Sales, Etc.
7Y% Made of Metal. Compact and Attractive.
Over 750,000 in Use

Full price $4950 with cards

FREE 24-PAGE BOOKLET NO. C-40
Without Obligation
Write for Your Copy Today

GRAPHIC SYSTEMS
YANCEYVILLE, NORTH CAROLINA

Are you selling the
whole buying team

Tough competition demands that the
electronics man be reached and sold
wherever you find him: Research,
Design, Production, and Manage-
ment. Only advertising in electronics
reaches all four...the same men your
salesmen call on. Put your advertis-
ing where it works hardest... ..

n @electronics |
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to provide approximately 20 percent
higher thrust load capacity than
conventional retaining rings of the
same type and size.
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R-F Attenuator
Handles 1 W of Power

TELONIC INDUSTRIES, INC., Beech
Grove, Ind. The TE-50 turret-type
r-f attenuator has a range of 0-50
db in 10 db steps. It will handle
1 w of power, even in the 50 db
position. Attenuating r-f signals
from d-¢ to 1,250 Me, it uses indi-
vidual 50 ohm resistive pi-pads,
mounted in a precision-machined
rotor assembly. Accuracy is typ-

ically #=2 percent at 30 Mc and 5
percent at 400 Mec. Insertion loss,
negligible to 300 Mc and not more
than 0.2 db to 900 Mc; vswr, near
(319)

unity. Price is $65.

Duplexer-Limiter
Compactly Packaged

SPERRY MICROWAVE ELECTRONICS
co., P.O. Box 1828, Clearwater,
Fla., offers a three-port ferrimag-
netic beacon duplexer-limiter pack-
age. The unit, operating from 5.4
to 5.9 Ge at power levels up to 40
Kw peak 40 w average with a max

antenna mismatch of 2:1, uses
modified type N connectors. It af-
fords protection to mixers with

1N23 type crystals. The transmit-
ter-to-antenna insertion loss is nom-
inally 0.7 db, and the antenna-to-
receiver loss is nominally 0.9 db.
Unit also provides preselection to
received signals. Price is approxi-
mately $1,200. (320)

electronics



PRODUCT BRIEFS

INTEGRATING MOTOR GENERATORS are
temperature compensated. Motors
include standard 6-pole, and low
inertia 4 and 6-pole units. Kearfott
Div. General Precision Inec., Little
Falls, N. J. (321)

DIGITAL VOLTMETER/OHMMETER for sys-
tems integration. The transistorized
unit can measure d-c volts, d-c
ratios and ohms. Electro Instru-
ments, Inc., 8611 Balboa Ave., San
Diego 12, Calif. (322)

AUTOMATIC RESPONSE PLOTTER is a
high-speed, accurate unit. It covers
20-20,000 cps range in one continuous
sweep. Hathaway Instruments, Inc.,
5800 E. Jewell Ave., Denver 22,
Colo. (323)

ELECTRONIC DATA PRINTER operates in
high speed communication systems.
It permits transmission and recep-
tion of 5, 6, 7 and 8 level codes.
Kleinschmidt Div. of Smith-Corona
Marchant, Deerfield, I1l. (324)

MAGNETOSTRICTIVE DELAY LINES in
sealed or unsealed cases. Delay
length is 3,500 usec. Tempo Instru-
ment Inc., Plainview, N. Y. (325)

BEZELS for Nixie tube displays. They
are offered preassembled or as com-
ponent parts. Burroughs Corp., P. O.
Box 1226, Plainfield, N. J...(326)

A-C LINE REGULATOR is all solid state.
Input is 45 to 70 cps, 95 to 135 v.
Dressen-Barnes Electronics Corp.,
250 No. Vinedo Ave., Pasadena,
Calif. (327)

LINEAR ACTION SWITCHES meet MIL-S-
6743 and MIL-S-22885. Available
in spst through 6pdt, in either mo-
mentary or alternate action ver-
sions. Strader Corp., 21531 Strath-
ern, Canoga Park, Calif. (328)

COSINE PHASE PLOTTER compares fre-
quency standards from 10 Kc to 5
Me. Price is $225. RMS Engineer-
ing, Inc., 486-14th St. N.W., Atlanta
13, Ga. (329)

D-C MICRO-VOLT-AMMETER has 1 percent
basic accuracy. It covers 10 uv to
1,000 v and 10 upa to 1,000 #a. Milli-
vac Instruments, Box 997, Schenec-
tady, N. Y. (330)

NOISE GENERATOR provides dual output.
A solid state chopper provides the
desired stable 1-f spectrum. Elgenco,
Inc.,, 1231 Colorado Ave., Santa
Monieca, Calif. (331)

CABLE CLAMPS can reduce harnessing
time by 50 percent. Clamps may be
applied before or after wiring. Pan-
duit Corp., 17301 Ridgeland Ave.,
Tinley Park, Ill. (332)

CERAMIC MAGNET MATERIAL for d-¢ mo-
tors. Index II features high energy
product and high intrinsic coercive
force. Indiana General Corp., Val-
paraiso, Ind. (333)

OPERATIONAL D-C AMPLIFIERS are octal

based. They are designed for an-
alog simulator and servo drive ap-
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KEARFOTT power transistors
average 30% lighter, 50%
smaller and occupy 50% less
mounting surface. NEW modi-
fied TO-10 hermetically sealed

~case and improved internal con-

struction provide miniaturized
GERMANIUM PNP POWER
devices with ratings up to 120V
@ 15 AMPS (our #KPG2000).
We are also a DEPENDABLE
SOURCE for the following de-
vices with ratings up to200V@
3AMPS:2N538 through 2N540A,
2N1202, 2N1203, 2N1326, 2N-
1438, 2N1466, 2N1501, 2N1502,
2N1504/10. Also available in
TO-13 cases: 2N143/13, 2N156,
2N158, 2N158A, 2N1437, 2N-
1465.

The following DISTRIBUTORS
stock these devices: Carter
Assoc. Inc., Scottsdale, Arizona;
Cramer Electronics, Inc., New-
ton, Mass.; Hollywood Radio &
Electronics, Hollywood, Cali-
fornia; Solid State Specialist,
Mountain View, California;
Terminal-Hudson Electronics,
New York City; Valley Electron-
ics, Inc., Towson, Maryland.
Write Kearfott Division, General
Precision, Inc., Little Falls, New
Jersey or 437 Cherry Street, West
Newton, Massachusetts. These
devices are designed, manu-
factured and life tested by
KEARFOTT SEMICONDUCTOR
CORP., West Newton, Mass.

= o
¥

i

RO-28-1

Note how little volume
and space are required
by Kearfott's Transistors
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METALS for ELECTRONIC APPLICATION
rolled ULTRA THIN

by QOUR SPECIAL ROLLING
'I'ECIINIQIIE

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS
Note: for highly engineered applications—strips of TUNGSTEN
and some other metals can be supplied

M/A’J down to .0003 thickness

® Finish: Roll Finish or cleaned
e Ribbons may be supplied in Mg. weights
Developed and Manufactured by

H.CROSS CO.

363 PARK AVE.
WEEHAWKEN, NEW JERSEY

Tele. UN-3-1134
CIRCLE 206 ON READER SERVICE CARD

« ANTENNABILITY
o e LN

TRYLON offers outstanding
Antenna and Tower capability.
Antennas for all serv-

u:m_ (rorlnd_VLF L!o Use this knowledgeable,
including 0g .
Periodics, Rhombics, source that offers:

Corner Reflector, Ver- 1
tical Radiators, etc.

Towers in guyed and
self-supporting types
for Microwave,
and TV antenna sup-
port, Vertical Radia-
tors, Loran, etc. in
all materials.

experienced

. Worldwide experience in military,
civilian and government applications.
2. Full service and responsibility includ-
ing: research, development, manufacture
and installation.

3. Resourceful, experienced personnel
with outstanding records of achievement.
i A . - - 4. Worth-while economies because we
' do our own manufacturing.

Full line of accessories. Full capability

and facilities for testing, research and
development.

Write, wire, or phone and let us help
you on your requirements.

WIND 'I'IIRBINE COMPANY

ELVERSON, PA. PHONE: WHitney 2-2981

TRYLON TOWER AND ANTENNA SYSTEMS
RESEARCH e DEVELOPMENT e MANUFACTURE e INSTALLATION
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(334)

plications. Embree
Corp., West Hartford, Conn.

STEPPING MOTOR is less than 1 cu in.
It has speeds up to 800 steps /sec.
Sigma Instruments, Inc., 170 Pearl
St., So. Braintree, Mass. (335)

DECADE RESISTANCE-STANDARD  SETS
have 100 ohm and 1 megohm pri-
mary standard resistors. Stability
is better than =+ 0.0015 percent ab-
solute. Julie Research Laboratories,
Inc., 603 W. 130th St., New York ‘37,

N.Y. (336)
DIGITAL COMPUTER of average tran-
sients. It is designed for use in

field and lab. Mnemotron
Pearl River, N. Y. (337)

ALL-PURPOSE PACKAGED TRIGGER CIR-
cUIT is hermetically-sealed. Units
are for use with silicon controlled
rectifiers. VecTroL Engineering,
Inc., 85-85 Magee Ave., Stamford,
Conn. (338)

A-C RELAY is a 4pdt device. It meas-
ures 1s% in. high by 2} in. wide by
155 in. deep. Potter & Brumfield,
Princeton, Ind. (339)

SERVO CLAMPS are used to fasten the
housings of components to mount-

Corp.,

ing plates. Price is 10¢ each. Theta
Instrument Corp., Saddle Brook,
N. J. (340)

DIGITAL VOLTMETER has automatic pol-
arity, automatic ranging. Price is
$995. Beckman, Berkeley Division,
Richmond, Calif. (341)

C-BAND RADAR TRANSPONDER is light-
weight, high power unit. It is pres-
surized and designed for operation
in typical missile environments.
Aero Geo Astro Corp., Alexandria,
Va. (342)

RESISTANCE DECADE BOX is compact and
accurate. It is calibrated to a stand-
ard set of 3 ft test leads. Riedon
Division, On Mark Engineering Co.,
7929 Hayvenhurst St., Van Nuys,
Calif. (343)

REFERENCE POWER SUPPLIES in compo-
nent packages. Price is $300 to $600
in the up to 5 w power range. Glen-
tronics, Inc., 748 E. Alosta Blvd,,
Glendora, Calif. (344)

DIODE TESTER has 0-1 Kv piv, 0-1.5
amp peak forward current. Price is
$185. Disc Instruments, Inc., 3014-B
S. Halladay, Santa Ana, Calif. (345)

BANDPASS FILTER automatically tracks
signals. Bandpass is adjustable
from 2.5 to 100 ecps. Interstate
Electronics Corp., 707 E. Vermont
Ave., Anaheim, Calif. (346)

FLAT-DIPPED CAPACITORS with high
moisture-resistance properties. Tem-
perature range is from — 55 C to
+85C. General Electriec Co., Sche-
nectady 5, N. Y. (347)

S-BAND PULSE KLYSTRON yields 200 Me
bandwidth. It is designed to operate
at 6 Mw peak. Eitel-McCullough
Inc., San Carlos, Calif. (348)

SILICON ALLOY TRANSISTOR with ex-
tremely low collector leakage. All
are pre-aged at 200 C for 150 hr.
Kearfott Div.,, General Precision,
Ine., Little Falls, N. J. (349)
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ELECTRONIC
MEASUREMENTS
high-precision
POWER
SUPPLIES

the
power supplies
demanded
hy the
lahoratory

There are a lot of reasons why
E/M’s high-precision power
supplies are in such demand
by R & D laboratories. Ten-
turn main DC control and
vernier provide high resolu-
tion of output voltage from
just a few millivolts to 1000
V DC, depending on model.
Regulation is at least 0.02%.
And full current output is
available at any voltage ...
even at less than one volt.
Various models cover current
ratings up to 1.5 A. Some
models feature a —150 V
bias output. Others include a
modulation input. All models
have a 6.3 V AC CT out-
put. And there are still more
features. . . fully described in
Catalog VR 1962.

s ELECTRONIC
/9 MEASUREMENTS

EATONTOWN - NEW JERSEY
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Literature
of the Week

D-C AMPLIFIER Eleco, Inec., 1225 W,
Broad St., Falls Church, Va. Bulle-
tin 43-562 gives complete specifica-
tions for the model DCA-50C wide-
band d-¢ amplifier...(350)

TWO-WAY COLOR MEASUREMENT Instru-
ment Development Laboratories,
Inc., 67 Mechaniec St., Attleboro,
Mass., has published a 12-page
booklet describing the Color-Eye
combined colorimeter and abridged
spectrophotometer. (351)

SIGNAL TRACER Don Bosco Electron-
ics, Inc., Littell Road, Hanover,
N. J., has a flyer on the Stethotracer,
a transistorized, pen size, self-con-
tained signal tracer. (352)

BLOCK READERS Electronic Engineer-
ing Co. of California, 1601 E. Chest-
nut Ave., Santa Ana, Calif. Circuit
advantages of employing block read-
ers for punched tape programming
are shown in a brochure. (353)

HALL GENERATORS Helipot Division of
Beckman Instruments, Inc., 2500
Harbor Blvd., Fullerton, Calif. Data
sheet presents a complete line of
Halleflex solid state voltage genera-
tors. (354)

EARTH SATELLITE COMMUNICATIONS
Lenkurt Electric Co., Inc., San Car-
los, Calif. Vol. II, No. 5 of the De-
modulator contains a well-illustrated
article on earth satellite communica-
tions. (355)

ANALOG COMPUTER Electronic Associ-
ates, Inc., Long Branch, N. J. A
12-page brochure describes the
PACE TR-10 desk-top size analog
computer and its components and
accessories. (356)

SERVO MOTORS Kearfott Div., General
Precision, Ine., Little Falls, N. J.
Catalog sheet contains data and a
dimensional drawing for size 8 in-
ertial damped servo motors. (357)

POWER TRANSISTORS Clevite Transistor,
Waltham 54, Mass., has issued tech-
nical data sheets on its new 5 am-
pere and 15 ampere germanium
power transistors. (358)

MICROWAVE COMPONENTS Guide Mfg.
Co., 7602 San Fernando Road, Sun
Valley, Calif., offers an easy-to-use
product index and price list for
waveguide and microwave compo-
nents. (359)

RELAY PRODUCTION Swanson-Erie Corp.,
814 E. Eighth St., Erie, Pa. How
one machine processes, assembles
and inspeets 1,000 electrical relays
in one hour is the subject of a 4-
page brochure. (360)

ELECTRONIC PRINTER Hull Instruments,
726 Mission St., So. Pasadena, Calif.
A six-page brochure describes a
digital alpha numerical printer
which, through the use of fiber
optiecs, can print 6000 characters
per sec. (361)

with MECHATROL'S
new 1/2” square
metal film
trimmer potentiometer.

This non-inductive unit designed with min-
imum shunt capacitance is superior to con-
ventional units for high frequency use. The
effective resistance of a 500¢2 T500 trimmer
potentiometer changes less than 10% of its
D.C. value from D.C. to 100 Mc. The effec
tive shunt capacitance is less than 1 pico-

farad for the same range of frequencies

CALL OR WRITE FOR DETAILS

SM/1

SERVOMECHANISMS/INC.

MECHATROL DIVISION

NEW YORK — Home Office

1200 Prospect Avenue

Westbury, New York

Area Code 516 — EDgewood 3-6000
TWX WBRY 359

CALIF. — Branch Office — Mechatrol of Calif.

200 North Aviation Boulevard

El Segundo, California

Area Code 213 — ORegon 8-7841
TWX HAWCAL 4262
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S
MEGACYCLES
Sth
OVERTONE

PRODUCTS

Primarily for Frequency
Standard Use Under
Rigorous Environmental
Conditions.

Aging: 1 x 10-9/day. Frequency Change: Less than 1 x 10-8 under vibra-
tion of 10 to 200 cps at 10 G, and under 100 G shock when tested per
MIL-STD 202A Method 202A. Frequency Range: From 4.966 mc to 6.133
mc. Write for literature to James Knights Company, Sandwich, Illinois.
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Yew RELAY

PROVIDES

0.000,000,001 WATT DC SENSITIVITY

1 uonl 100 | s l_.\,cu.
R R, R, s
> o * 3467 Y
LI 1 s
AC Wheatstone Bridge
ctions

W 12 10 15 13

iy
Spare God, Consections to Relay

SQUEMATIC DIAGRAM, MODEL 30) INDUSTRIAL "ACRO-RELAY®

Model 301 units available from
stock for IMMEDIATE DELIVERY!

Price for 15 units: $118.75 each.
Full details available in Bulletin
No. 30-A.

This industrial “ACRO-RELAY”’,
Model 301, closes its output relay
with a DC signal of 1.0 microamp
and 1.0 millivolt into its 1000
ohm input winding—an input
power of only 10 -9 watts! It is
the most sensitive, high-reli-
ability industrial relay unit
available. The input magnetic
amplifier drives a trigger ampli=-
fier which drives the DPDT out-
put relay . . . controlling up to
1800 watts!
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NEW BOOKS

Arrangement of molecules in a unit
cell of anthracene material

Organic Semiconductors

Edited by J. J. BROPHY and
J. W. BUTTREY

The Macmillan Company,
York, 1962, 243 p, $9.

This volume is based on papers
presented at the inter-industry
conference on organic semicon-
ductors held in April 1961, which
was cosponsored by the Armour Re-
search Foundation and ELEC-
TRONICS. It begins with a semitech-
nical survey of the field, followed
by several groups of papers organ-
ized by subject matter in the order
of increasing speculativeness.

The book Will serve as a fine in-
troduction to the subject for engi-
neers in the semiconductor field; it
is balanced to indicate the variety
of directions in which research is
proceeding. The last paper, by
James F. Bourland, appraises the
future of organic semiconductors
from the point of view of manage-
ment.—G.V.N.

New

Advances in Quantum

Electronics
Edited by JAY R. SINGER

Columbia University Press,
New York, 641 p, $15.

Collection of the 70 papers pre-
sented at the Second International
Conference on Quantumn Electronics.
Topics covered include: masers,
lasers, infrared-light detection,
modulation and mixing; resonance
phenomena such as cyclotron re-
sonance, coherence and incoherence,
and information-carrying capabil-
ities in the presence of quantum ef-
fects. Although there is a wealth

electronics



of information and ideas here, non-
specialists will find the going rough
since the authors are first-class
physicists who have written these
conference papers for their peers.
—S. V.

Static Power Convertors
Edited by ROBERT WELLS

John Wiley & Sons, Inc., New York,
1962, 275 p, $7.

Static Power Converters is a use-
ful book in that it brings together
many topics normally found scat-
tered throughout specialized texts
on motors, controls, rectifiers and
other aspects of a-c to d-¢ conver-
sion.

Two aspects of the title are mis-
leading: first, the book is largely
about mercury arc rectifiers, which
although not rotary, are not static
in the modern sense. Only 17 pages
are devoted to semiconductors, con-
fined to the germanium diode, leav-
ing a vast field of transistors, di-
odes, rectifiers, silicon controlled
rectifiers ete. undiscussed. Secondly,
the term converters connotes, at
least to American readers, a device
other than a plain rectifier. There
is no mention of frequency conver-
ers or d-c to a-c converters. A bet-
ter title might have been, Mercury
Arc Rectifiers as Power Sources.

Since the book covers a great deal
of ground, including supplies for
powering d-c motors, it provides a
very useful survey of basic princi-
ples involved in many branches of
mercury-arc rectifier application.—
S.F.

Information Theory
Edited by COLIN CHERRY

Butterworth, Washington, 488 p,
$16.50

This volume contains the thirty-
six papers presented at the Fourth
London Symposium on Information
Theory late in 1960. The first three
symposia were held in 1950, 1952
and 1955. Despite the title, this
symposium is not devoted purely to
information theory, but covers a
wide ground with papers on learn-
ing mechanisms, on sensory infor-
mation and biological models, syn-
tactics and semantics, and human
reaction to information. This vol-
ume will not be of particular inter-
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Select your circuits-plug’em in
...that’s UNIDAP flexibility!

Now you can create your own research data systems at will. With
DCS’s new UNIDAP modules, you actually convert from block dia-
gram to hardware as fast as you can plug in the modules. And, pro-
vision exists for interconnecting an endless variety of component
modules for maximum versatility and variety of applications.

Maximum Versatility

This means you can change —adapt —or augment your system any
time you wish. When the system must be changed or enlarged, simply
substitute or add any other UNIDAP components you select.

All Solid State!

What’s more, you sacrifice nothing to get this advantage. UNIDAP
modules are all solid state for low heat dissipation and high reliabil-
ity. And, UNIDAP gives you a built-in power supply, complete with
self-contained blower for necessary cooling.

VCO’s...Frequency Translators...Reference Oscillators...Summing

Amplifiers...Discriminators... these are just some of the UNIDAP

off-the-shelf modules now available for assembling FM, PDM, PAM

and digital data systems. If you’re concerned with magnetically

recorded data for any purpose, you’ll want to know more about
~UNIDAP’s unique capabilities.

For more information, address:
Dept. E-2-4,

DATA-CONTROL SYSTEMS, INC.
Tnotrumentation for Research
Los Angeles » Santa Clara «» Wash., D. C. « Cape Canaveral
Home Office: E. Liberty St., Danbury. Conn. « Ploneer 3-9241
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¢ TYPE MAGNETS FOR
MICROWAVE APPLICATIONS

«'% ’ o

Available in a wide range of sizes to meet your
designneedsin « TRANSVERSE FIELD ISOLATORS

* DIFFERENTIAL PHASE SHIFTERS + DUPLEXERS

Armold C-type Alnico Magnets are available in a wide selection of gap
densities ranging from 1,000 to over 7,500 gausses. There are six different
basic configurations with a wide range of stock sizes in each group.

The over-all size and gap density requirements of many prototype designs
can be met with stock sizes of Arnold C Magnets on an immediate-ship-
ment basis, or readily supplied in production quantities.

When used in transverse field isolators, Arnold C Magnets supply the
magnetizing field to bias the ferrite into the region of resonance, thus
preventing interaction between microwave networks and isolating the
receiver from the transmitter. These magnets are also used in differential
phase shifters and duplexers, and Arnold is prepared to design and supply
tubular magnets to provide axial fields in circular wave guides.

A feature of all Arnold C Magnets is the excellent field uniformity along
the length of the magnet. Versatility in design may be realized by using
multiple lengths of the same size magnet stacked to accomplish the needs
of your magnetic structure.

Let us work with you on any requirement for permanent magnets, includ-
ing high coercive force Alnico VIII for TWT focusing applications. ® For in-
Jformation on Arnold C Magnets, write for Bulletin PM-115. For data on
Alnico V111, ask for Bulletin PM-119, a3es

ADDRESS DEPT. E-9

% ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL.
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
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est to design engineers and their
ilk, but certainly will be to those
who are farming the interdisciplin-
ary areas that information theory
has propagated. Ten years from
now these areas may be sufficiently
domesticated to provide design en-
gineers a fair portion of their bread
and butter work.—N.L.

Introduection to
Microwave Theory

By H. A. ATWATER

MceGraw-Hill Book Co., Inc., New
York, 1962, 244 p, $8.75.

An outgrowth of notes used in a
one-semester course in microwave
theory given to upper division and
first-year graduate students that
supposes a background in electro-
magnetic theory, the book empha-
sizes the philosophy and methods
of the analytical approach to in
terms of electromagnetic fields.

The chapters deal with subjects
such as transmission line theory,
wave equations, discontinuities and
impedances in waveguides, micro-
wave resonators, Kklystrons and
magnetrons, magnetic materials
and millimeter waves. The appen-
dix is well stocked with useful ref-
erence material, primarily mathe-
matical—B.A.B.

Electroluminescence
By H. K. HENISCH

Pergamon Press, New York, 1962,
368 p, $12.50.

This is probably the first text-
book published that is devoted to
a comprehensive treatment of elec-
troluminescent theory, including an
outline of devices that use electro-
luminscent phenomena.

Fundamentals and techniques for
achieving particular operating
characteristics are generously
treated in the first 250 pages; the
rest gives a broad coverage of the
uses of electroluminescence both as
light sources and for coupling ele-
ments in electroluminescent-photo-
conductor logic systems.

Particularly valuable is the elabo-
rate array of references, indexed by
year of original publication. One is
surprised to discover that electro-
luminescent phenomena were ob-
served well before Destriau pub-
lished his paper in 1936.—S.F.
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— (DX )_—_ Television Antenna ——

DX

An tgnna
ACCESSORIES

KANSAI TELEVI KOGYO CO.,LTD.
MANUFACTURERS, EXPORTERS

NO.6,IRIE-DORI 5—CHOME,
HYOGO—KU, KOBE, JAPAN

For the Best Reception
on all Channels

Model No.
SR-3A
Model 12S5U812

12SE 6 9

3 Model No. SU-112
SILVER RIBBON
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Are you a
COMPLETELY
INFORMED
electronics
engineer?

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

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

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

electronics
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o ALLIED

ELECTRONICS
for Industry ,

ask for
your

wss AVLLIED

INDUSTRIAL CATALOG

672 pages IT's THE COMPLETE CATALOG FOR
ALL ELECTRONIC COMPONENTS
DIRECT FROM THE WORLD'S
LARGEST STOCKS AT FACTORY OEM PRICES

For FREE copy, check reader service card or write direct

oneoroer | ALLIED ELECTRONICS
TO ALLIED industrial subsidiary of

FILLS THE ALLIED RADIO
WHOLE BILL

100 N. Western Ave., Dept. 922-J, Chicago 80, lil.

s R g =
S # S
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PEOPLE AND PLANTS

Sprague Readies Basic Research Center

SPRAGUE ELECTRIC CO., 36-year-old
electronic components manufac-
turer, will formally open on Oct. 11
the new Sprague Research Center,
located across the street from the
main entrance to its North Adams,
Mass., headquarters plant.

James R. Killian, Jr., chairman
of the corporation of MIT, will be
principal speaker.

The 40,000-square-foot laboratory
will be the focal point of Sprague’s
R&D program, currently pegged at
$7 million annually. The new labora-

tory will concentrate on basic re-
search, including such fields as
solid-state physics, chemistry and
the physics of dielectric materials.
Development work will continue to
be carried on in the North Adams
plant and other product facilities.

Frederick M. Fowkes has been
named director of research under
Frederick R. Lack, senior vice
president in charge of research.
Fowkes, a physical chemist pre-
viously associated with the Shell
Development Company, will admin-

Hazeltine Research Elects Loughlin

B. D. LOUGHLIN has been elected vice
president for research of Hazeltine
Research, Inc., a subsidiary of
Hazeltine Corp., Little Neck, N. Y.

102

Holder of the Vladimir K. Zwor-
ykin Television Prize of the IRE
and the David Sarnoff Gold Medal
Award of the SMPTE, Loughlin
joined Hazeltine in 1939. In 1956
he was named chief engineer of the
research division of Hazeltine Re-
search Corp. The following year,
he became a research consultant to
Hazeltine along with other com-
panies.

In his new post, Loughlin and
his engineering group will continue
to concentrate their efforts on the
simplification of color television re-
ceivers.

ister the new research laboratory.

Sprague Electric reported 1961
sales of $77,650,168 and has nearly
30 manufacturing operations in the
U. S. and five foreign countries.
Sprague’s American operations em-
ploy 8,000 persons.

In terms of sales, Sprague ranks
495th among the 500 largest U. S.
corporations, but it ranked 65th
among the 500 in terms of percent-
age earned on invested capital in
1961.

PRL Electronies
Names Charshafian
PRL ELECTRONICS, INC., Rahway,

N. J., announnces the appointment
of former Curtiss-Wright vice

president, J. O. Charshafian, as
its new president.
Company manufactures elec-

tronic power supplies for military,

electronics



BUDELMAN
POINT-TO-POINT
Economical - Reliable - Effective

b W
NS

DELICATE BALANCE

Ry

BRUTE STRENGTH

Type 14C From huge high precision
Microwave Radio Terminals rotary pivots
provide needed communication and data transmis- _—
sion for railroads, telephone companies, public utili- to the tiniest
ties, public safety services and the armed forces. .
Whether for a “‘thin-route’” gap filler or a 48-channel shaft connections

multi-hop system, Budelman Type 14C, 1700-2300

MC Microwave and Speech Multiplex equipment
“proves in"’ where others cannot. T H O MAS

Write for Spec-sheets, Engineering Analysis or Systems Proposals. ..

ineerng Analysi
BUDELMANw’éIiUéOCq?;‘g'NICS CORP. F I- E X | B I-E

A Subsidiary of General Railway Signal Co.

375 Fairfield Ave., Stamford, Conn. + 203 FI 8-9231 C o U P LI N G s
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are indispensable for

TO R o l D S reliable power and

motion transmission.

Designed especially to meet critical
operating requirements, Thomas
Flexible Couplings offer many
important advantages plus long life,
reliability and a wide range of styles
and sizes to meet the particular

including Permalloy, Ferrite and Pow- requirements of your application.

dered iron types. Special materials may be specified
These toroids are manufactured in
quantity, for use in Allen Electronic

where high temperatures, corrosive

Organs. Because of this, unusual atmospheres or other unusual con-
economic and delivery advantages are e : e e .
available to the purchaser. ditions exist. For detailed information

write for Engineering Catalog 60.
[ p ORGAN
COMPANY

111][}y) THOMAS FLEXIBLE COUPLING CO.

A Subsidiary of Koppers Company, Inc.

WARREN, PENNSYLVANIA, U.S.A.

For quotations, please contact Dept 2309
COMPONENTS DIVISION macungie, penna.
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Compact View
of .
“Diamond H”

Relays

SERIES R&S Miniature,

Hermetically Sealed.

4PDT. Contact ratings from microe.
amperes to 10 amps. Meet or exceed
MIL-R-5757D. A-c coil version availe
able.

3

THE HART WES o

B Y aam com

SERIES P High Speed Polarized.

SPDT. Operating response to 200
microseconds. No contact bounce.

MADE INUSA,

THE HART MFG, Cp

HARTEORD,  CONN.
RELAY

Wi15A4.183
o Havac

LOAD 258, 240V, AT afs, |
HE 0P iy, ut,amﬁgﬁ 1

SERIES W General Purpose.

DPDT, double break, a-c, d-c relays.
Plug-in type or quick-disconnect ter-
minals. Rated up to 25 amps, yet
more compact than most 10 amp re-
lays. Holding contact available.

For complete information write to:

" HART

Manufacturing Company
202 Bartholomew Avenue
@ Hartford 2, Connecticut
Phone: 525-3491

commercial and industrial applica-
tions and special electromechanical
devices.

General Electric
Names Hodges

DAVID J. HODGES has been appointed
manager of voltage-tunable mag-
netron engineering at General Elec-
tric’s Power Tube department,
Schenectady, N. Y. A department
project engineer since 1954, Hodges
succeeds M. Weinstein who recently
left the company.

Rixon Electronics
Hires Miller

J. WILLIAM MILLER has joined Rixon
Electronics, Inc., Silver Spring,
Md., as a project manager for com-
munications subsystems.

Before coming to Rixon, Miller
was with Page Communications
Engineers, Inc., for over seven
years as project manager and en-
gineer.

Technical Materiel
Appoints Shalag

THE TECHNICAL MATERIEL CORP. of
Mamaroneck, N. Y., announces the
appointment of W. C. Shalag as
executive vice president to head up
operations of its wholly owned

104 CIRCLE 104 ON READER SERVICE CARD

COMPUTER
RESEARCH
ENGINEERS &
LOGICAL
DESIGNERS

Rapid expansion of the Computer
Laboratory at Hughes-Fullerton has
created several attractive profes-
sional opportunities for qualified
Computer Research Engineers and
Logical Designers. These positions
require active participation in bread
computer R & D activities in con-
nection with Army/Navy computer
systemsand new large-scale, general-
purpose computers. These multiple
processor computers utilizeadvanced
solid-state circuitry, gating and reso-
lution times in the millimicrosecond
regions; combine synchronous and
asynchronous techniques for maxi-
mum speed and reliability.

These professional assignments
involve broad areas of logical design,
programming and system conception.
Fields of interest include:

s Distributed computers = Ad-
vanced arithmetic processing
techniques s Mechanized design
s Asynchronous design tech-
niques » Utilization of parame-
trons in computers s Studies in
the utilization of multiple proces-
sor computers.

These professional assignments
involve such R & D areas as:
® Solid state digital circuitry
involving millimicrosecond logic
® Microwave carrier digital circuits
® Sub-microsecond core memory
® Thin film storage techniques
® Functional circuit concepts
® Micro-miniaturization concepts
® Tunnel diodes ® Microwave pa-
rametrons ® Circuit organization
for maximal-speed computing.
Located in Southern California's
Orange County (the nation's fastest
growing electronics center), Hughes-
Fullerton offers you: a stimulating
working environment; private or semi-
private offices; long-term stability.
CALL COLLECT TODAY!
For complete information on these
challenging assignments, call us col-
lect today! Ask for:
Mr. J. E. TENNEY at:
TRojan 1-4080, ext. 3741.

Or, airmail resume to: HUGHES-
FULLERTON R & D, P.O. Box 2097,
Fullerton 1, California.

An equal opportunity employer.

HUGHES

(UGHES AIRCRAET
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subsidiary, TMC Systems, in Alex-
andria, Va.

Prior to this appointment, Sha-
lag has acted in the capacity of vice
president in charge of operations
at TMC Systems for the past sev-
eral years.

TRW Promotes
Paul McGarrell

PAUL H. MCGARRELL has been named
chief engineer in the electrical
products department of Thompson
Ramo Wooldridge’s TAPCO divi-
sion, Cleveland, O. Since joining
TRW in 1956, McGarrell has had
responsibility for key programs.

PEOPLE IN BRIEF

Richard H. Tuznik, formerly with
Westinghouse Electric Corp. and
Bliley Electric Co., joins Systems
Inc. as a senior engineer. General
Instrument Corp. promotes John L.
Herre to v-p/government relations
of its Radio Receptor div. Robert
T. Campion and John J. Burke ad-
vance at Lear Siegler, Inc. to
senior v-p’s. Charles M. Price
moves up to associate head of the
Astrodynamics dept. of the Re-
search and Planning div. of Aero-
space Corp. Bendix-Scintilla ups
Donald S. Jones to asst. g-m. Rob-
ert H. Johnson, promoted to qual-
ity control mgr. of Phillips Control
Co. Carl David Todd and Richard
S. Simpson elevated to head of
engineering and supervisor of pro-
duction engineering, respectively,
of the packaged assemblies dept.
of the electronic products div. of
Hughes Aircraft Co. Ronald L.
Bentley advances to administrative
mgr. of the Instrumentation div.
of Microdot Inc. H. T. Deverell,
previously with The Thomas &
Betts Co., named executive engi-
neer responsible for all product
engineering for its subsidiary,
Kent Mfg. Corp. Murray Hoffman,
ex-Philco Corp., joins Airtron as
engineering mgr. for ferrite de-
vices. Edwin J. Bradley, from
Sperry Rand to Diodes, Inc., as
mgr. of marketing. Helmut J.
Schwarz transfers from the Hamil-
ton Standard div. to the Research
Laboratories of United Aircraft
Corp. as a senior research scien-
tist.
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Good
paris
work
best!

Intermediate

Frequency
Transformer
IFT
The high standards of MITSUMI electronic POLYVARICON
components are insured by a fully-auto- Variable
mated assembly system, and double-checked Capacitor

by rigid quality controls. Mitsumi Electric
Company is Japan's largest manufacturer
of components for radio, television and
communications equipment,

MITSUMI PARTS

MITSUMI  ELECTRIC CO., LTD.

Komae, Kitatama, Tokyo
CIRCLE 212 ON READER SERVICE CARD

electronics
IS EDITED

TO KEEP YOU
FULLY INFORMED

—a “well-rounded”’

engineer

What’s your present job in electronics? Do you work
on computers? (electronics ran 158 articles on computers
between July, 1961 and June, 1962!) Are you in semi-
conductors? (For the same period, electronics had 99
articles, not including transistors, solid-state physics, di-
odes, crystals, etc.) Are you in military electronics?
( electronics had 179 articles, not including those on air.
craft, missiles, radar, etc.)

In all, electronics’ 28-man editorial staff provided more
than 3,000 editorial pages to keep you abreast of all the
technical developments in the industry. No matter where
you work today or in which job function(s), electronics
will keep you fully informed. Subscribe today via the
Reader Service Card in this issue. Only 7% cents a copy
at the 3 year rate,

electronics
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EMPLOYMENT

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

: "OPPQRTUNINES

ATTENTION: COMPANY SEE PAGE  KEY #
ENGINEERS, SCIENTISTS, PHYSICISTS ATLANTIC RESEARCH CORPORATION 109 r
Jansky & Bailey Div
This.Ql.!clJiﬁcarion l"orm.is designed to help y.ou cdvc..'mco in Oh.e elec- BELLA::;;;:I;;EX:S. - . 4
tronics try. It is unique and pact. Designed with the assistance Division of Bell Aerospace Corporation
of professional personnel g t, it isolates specific experience BAU;:’;:"""" es:"'}':iay
in electronics and deals only in essential background information. BRISTOL COMPANY 110 3
Waterbury, Conn.
The advertisers listed here are seeking professional experience. Fill in DOUGLAS AIRCRAFT CO. 37 4
. . Missile and Space Systems Division
the Qualification Form below. Santa Monica, California
GENERAL DYNAMICS/ELECTRONICS 108 5
A Div. of General Dynamics Corp.
STRICTLY CONFIDENTIAL Rochester, New York
. . = HOUSTON INSTRUMENT CORP. 110 6
Your Qualification form will be handled as “Strictly Confidential” by Bellaire, Texas
ELECTRONICS. Our processing system is such lhui your form will be 'NTE':"::"Y%:?LNBUS'NESS MACHINES CORP. 89* 7
forwarded within 24 hours to the proper ves in the P JET PROPULSION LABORATORY 108 8
you select. You will be contacted at your home by the interested Pasadena, California
i MICROWAVE SERVICES INTERNATIONAL INC. 110 9
companies. Denville, New Jersey
MOLONEY ELECTRIC CO. 110 10
St. Louis 20, Mo.
WHAT TO DO PHILCO WESTERN DEVELOPMENT LABS. 107 n
Sub. of Ford Motor Co.
. Review the positions in the advertisements. Palo Alto, California
. . REPUBLIC AVIATION CORPORATION 109 12
i Solo-cf those for which you qualify. Farmingdale, Long Island, New York
. Notice the key numbers. SPACE TECHNOLOGY LABORATORIES, INC. 15 13

Sub. of Thompson Ramo Wooldridge Inc.
Redondo Beach, California

U. S. NAVAL CIVIL ENGINEERING LABORATORY 108 14
Port Hueneme, California

. Circle the corresponding key number below the Qualification Form.

. Fill out the form completely. Please print clearly.

. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS,
Box 12, New York 36, N. Y. (No charge, of course).

U EWN -

* This advertisement appeared in the 8/31/62 issue.

(cut here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here)
(Please type or print clearly. Necessary for reproduction.)
Personal Background Education

NRME. coom e, 5ol s bratesy o7 oiase 4906 6500 BIRE ST678 obie,ara o araLe PROFESSIONAL DEGREE(S) . . v s ois 66 siais sioie niossios sisnsianne s

HOME ADDRESS. : oion v o i soe6 058 om0 5 6.0 6016 s 6 0o MBIOR(S) 555606 550 5 555 2 mio i inns s o B u PR BRSO G A

G oo o o d i Bt e ZONE...... STATE. .. convvenvas UNINERSITY, oioin o iopcs irestipacniormis annalsle sats amia:s R T

HOME TELEPHONE .. . o o.oiniviwuiie amiensio s viise aiiv sinis eiierss DATEIS) o5 %5050 a0 e w6 61608 o ias 0o T osbal % Biaie 0181806/ 4 agiainie e

FIELDS OF EXPERIENCE (Please Check) 9762 CAIRGERT GF SEECIALIZATION
Please in.dicufo number of months

E] Aerespace D Fire Control D Radar wipndcn prrnde N,

D Antennas D Human Factors D Radio—TV (u':-m)' (ﬁ:.?:.?'
RESEARCH (pure,

D ASW D Infrared D Simulaters fundamental, basic) ...... -
RESEARCH

D Circults D Instrumentation [[]solid state (Applied) - -
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts) - -
DEVELOPMENT

E] Compenents D Microwave D Transfermers (Model) S R
DESIGN

D Computers D Navigation D OMOr - s ivio oniion (Product) TER - -
MANUFACT!

D ECM D Operations Research D ................... (Pmdu,n:f)c s R avamieis

D Electron Tubes D Optics D ................... {S“eteice) N e

D Engineering Writing D Packaging D ................... ?A:Epsowh &Products) ......  ......

CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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NOWHERE TO GO..

PHILCO

A SUBSIDIARY OF

%@fc‘l%'mﬁa ny,

. BUT UP. Growth is the parallel story of Philco Western Development Laboratories and the

career engineers and scientists who have joined WDL and have played roles in communications
and control systems development for major U. S. space age projects. From a small nucleus, Philco
WDL has grown to a staff of more than 3000, and the sprawling Palo Alto WDL complex is continu-
ally being expanded with modern laboratories to accommodate the growing staff. Growth means
that there’s work to be done. Growth means a record of achievement. To you, at Philco WDL, growth
means a real career, opportunity for advancement, opportunity for achievement at the frontier of
the nation’s space age effort.

Write in confidence for information on how you can find your career at Philco WDL, with the addi-
tional rewards of ideal living on the San Francisco Peninsula and professional and monetary ad-
vancement commensurate with your own ability. Requirements include B.S. or advanced degree
(electronics, mathematics, physics) and U. S. Citizenship or currently transferable D.0.D. clear-
ance. Address Mr. Patrick Manning, Department E-9.

WESTERN DEVELOPMENT LABORATORIES
3875 Fabian Way, Palo Alto, California

an equal opportunity employer 7761
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CONTRIBUTE YOUR PROFESSIONAL
KNOW-HOW to ADVANCED PROJECTS at

GENERAL DYNAMICS/ELECTRONICS
/72 7 000
Openings Available Now in:

upi

needs
ORDNANCE

ENGINEERS AT ALL LEVELS,
EXPERIENCED IN DESIGN OF:

RECEIVERS

Panoramic, signal seeking, manu-
ally tuned.

DISPLAYS

Digital, CRT amplitude-time, stor-
age fube direction finder, pan-
adapter, high-speed pulse record-
ing.

REMOTE CONTROLS

Antenna servo followers, antenna
and receiver remote positioning
and tuning.

SR. RELIABILITY ENGINEERS

BSEE with 3 to 5 years experience.
Must be systems oriented in the
reliability field, preferably with
some operations research back-
ground Will be responsible for

@ ELECTRONIC RECONNAISSANCE SYSTEMS

@ RECONNAISSANCE EQUIPMENT DESIGN

DATA HANDLING

Transistorized timer-programmer,
on-line printer, automatic signal
analyser, magnetic tape analysis
equipment.

EQUIPMENT INTEGRATION

Console and rack design, sub-system
layout and blackbox compatibility,
design standardization, sub-sys-
tem analysis, man-machine op-
timum design, blackbox sub-sys-
tem specifications.

RADIO FREQUENCY
INTERFERENCE CONTROL

Analysis of equnpmen' RFI prob-
lems, of design pro-
cedures, testing to MIL-1-26600,
reports, vendor liaison and direc-
tion.

sign in two or more of the fol-
lowing: digital, RF, pulse, audio,
CRT, photorecorders, magnetic re-
corders, pulse multiplex and fre-
quency multiplex. To assist in
evnluc'lun of complex electronic

ing and impl ing a re-
liability program on a large elec-
tronic system and will make the
necessary data reduction involved
in such a program.

SR. DESIGN ENGINEERS

BS with 8 years experience, of
which 5 must have been in de-

@ HYDROACOUSTICS
SENIOR SONICS ENGINEER

Sonics. Should have

chemistry.

PROJECT ENGINEERS

pact drilling plus a basic knowledge of acoustics, general p

r systems.

DESIGN ENGINEERS

BS with 3 to 5 years experience
in RF and microwave receivers,
digital display circuits, data han-
dling and CRT displays including
storage tube circvits. To assist
in evaluation of complex electronic
reconnaissance systems.

BS or MS in ME or thllt! with at least 5 years experience in Industrial
ackground in sonic cleumng, proceuma and im-
Y

sics and

@ TEST EQUIPMENT & INSTALLATIONS

To supervise design and integration of test stations. Knowledge should
include 1 or more of the following areas: ﬂlgh' comlol systems, radar

indicators, HF-VHF navi

, microwave

and
equipment, un'onnc sysloms and ECM Should be familiar with all

types of and
areas of interest. BSEE.

SENIOR DESIGN ENGINEERS

d with particular

DEVELOPMENT
ENGINEERS

Will be responsible for development
and support in the areas of electro-
explosives and pyrotechnic devices
for spacecraft application in long range
lunar and planetary programs. 3 to 5
years experience in design or devel-
opment of ordnance devices appli-
cable to spacecraft. BS or MS degree.

Send complete resume to
PERSONNEL DEPT.

JET PROPULSION
LABORATORY

Operated by California Institute of Technology for
the National Aeronautics & Space Administration

4814 OAK GROVE DR. « PASADENA, CALIF.

“An equal opportunity employer”

CREATIVE
OPPORTUNITY INR & D

at the

U. S. NAVAL CIVIL
ENGINEERING LABORATORY

(on the Southern California Coast)

ELECTRONIC ENGINEER

Will be concerned with research and
development in the area of electro-
magnetic field measurements and in-
strument development. Salary $8,340-
$10,635 (plus “extra” henefits worth
up to $2,550).

NCEL, the research and evaluation arm
of the Navy’s- Bureau of Yards and
Docks, also offers these definite em-
ployment advantages:

® Career in Civil Service

® Creative scientific and intellec-
tual climate

® Regular salary increases

® Opportunities for free educa-
tional advancement

® Annual leave up to 26 days;
sick leave to 13 days

® Year-around outdoor living

® Easy access to metropolitan
centers, mountains, desert,
beaches

Submit education and experience
resume or contact Commanding Officer
and Director.

U. S. NAVAL CIVIL
ENGINEERING LABORATORY
Department G
PORT HUENEME, CALIFORNIA

BSEE with thorough background in one of the following: microwave
signal generators and receivers; low frequen:y signal generators, HF-
UHF signal generators, digital and pulse circvits. AGE Systems.

@ TECHNICAL WRITING

Requires fhorough buckground in fhe electronics industry in preporuhon
of military h and or in ing prop

For more information on the areas discussed above, and
how your background might be utilized in one of these
programs, send a resume to Mr. M. J. Downey, Dept. 22.

GIEINID

GENERAL DYNAMICS | ELECTRONICS
ROCHESTER

Rochester 1, New York

AN EQUAL OPPORTUNITY EMPLOYER

1400 N. Goodman St.,
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ELECTRONICS ENGINEERS
& PHYSICISTS

EXPLORE
COMMUNICATIONS AND
ELECTRONIC FRONTIERS AT

JANSKY
& BAILEY HER

JOIN US IN
GIVING A

DIRECTI

rapidly expanding division of

ATLANTIC RESEARCH TO

AEROSPACE

TECHNOLOGY thru

RESEARCH & DEVELOPMENT in

CORPORATION

Jansky & Bailey, for 30 years
a trusted name in electronic
communications, is expanding
rapidly and offers outstanding
career positions to qualified
engineers. Our modern facili-
ties are located in Alexandria,
Virginia, a residential suburb
of Washington, D. C

SYSTEMS ENGINEER
Responsibilities include sys-
tems engineering and advanced
techniques evaluation with par-
ticular emphasis on navigation,
traffic control, communications,
and electromagnetic warfare.
BS or MS in EE or physics
plus experience.

ANTENNA ENGINEER

To work under Project Direc-
tor as lead engineer supervis-
ing a group concerned with
shipboard antenna problems.
Duties require knowledge and
experience in antenna imped-
ance, field strength measure-

qerosgace electronics

Republic’s Paul Moore Research & Development Center is the most sophisti-
cated and integrated research complex in the East. Advances made here in many
critical aerospace problem areas have brought Republic a diversity of new and
follow-on R & D contracts leading to next-generation space and re-entry vehicles,
satellites, space power and communication systems.

Electronics Engineers and Physicists are invited to consider the challenging

ments, and design of matching
Networks in HF and UHF fre-
quency range.

SPACE CRAFT COMMUNICATION — B.S., M.S.
Design and develop space vehicle

opportunities to make important contributions on these programs in the areas of :

ELECTRONIC INSTRUMENTATION — B.S., M.S.
Develop instrumentation for space vehicles.

PRINCIPAL communications systems including telemetry, Knowledge of system integration and
COMMUNICATIONS command and on-board data handling. telemetry desirable.
ENGINEER DATA HANDLING (ASGSE) — B.S., M.S. SPACE GUIDANCE SYSTEMS — M.S., PhD.

Will direct programs involving
communication circuits or sys-
tems. Position requires sub-
stantial experience in opera-
tion, design or evaluation of
communication systems, as
well as background in the
inter-relations of antenna,
transmitter, receiver, propa-
gation, and terminal equip-
ment.

ELECTRONICS ENGINEER

Will work with Test Manager
on design, selection, modifica-
tion and supervision of activ-
ity concerning instrumentation
components and systems used
in testing propulsion units.
BS or MS in EE or physics
and experience, preferably in
the rocket instrumentation
field.

INSTRUMENT
ENGINEER

To work with Rocket Test
Manager coordinating activi-
ties of instrumentation staff
with other segments in the
test group and throughout
ARC. Responsibilities include
design, selection, modification,
and operation of instrument
componepts and systems used
in static testing of propulsion
units. BS or MS in EE or
physics and several years’ ex-
perience.

Send resume to:
Director, Professional Personnel

ATLANTIC RESEARCH
CORPORATION

Alexandria, Virginia
Ar ial suburb of i D.C.
An equal opportunity employer’.

September 7, 1962

Design and develop ground station and
on-board data handling systems for
re-entry and space vehicle applications.

COMMUNICATION TECHNIQUES —B.S., M.S.
Develop advanced communications
techniques for aerospace and space craft,
includes communications theory and
network synthesis.

ADVANCED SPACE RADARS — B.S., M.S.
Develop concepts and components for
advanced space radar including rendezvous,
mapping, acquisition and tracking
applications.

RADAR INTEGRATION — B.S.

Develop specifications, install and integrate
advanced radar in hypersonic and space
vehicles, including antennas, transmitters,
receivers, displays, power supplies, controls.

ANTENNA DESIGN — M.S.

Design and development of antennas for
re-entry vehicles. Knowledge of wind effects
and general re-entry radiation blackout
problems.

RADAR TEST (GSE) — B.S.

Test, checkout and maintain ground radar
systems. Make required circuit modifications
including range gating circuits, modulators.
No travel.

RE-ENTRY INSTRUMENTATION — B.S., M.S.
Design instrumentation for specific
re-entry and space vehicles including
telemetry systems.

MATHEMATICAL ANALYSIS CONTROLS — PhD.
Theoretical analysis of noise effects and non-
linear mechanisms on automatic controls.
Includes optimal control theory and
generalized stability criteria.

Develop and analyze navigation and guidance
systems using inertial and Doppler
techniques and advanced nuclear gyros.

ECM REQUIREMENTS — B.S., M.S.
Mathematical analysis of ECM requirements
for advanced aerospace and space craft,
and specification of equipment.

FLIGHT CONTROL DESIGN — M.S.

Automatic flight controls, servo systems,
nonlinear dynamic systems for space craft.

PYROTECHNIC CIRCUIT DESIGN — B.S., M.S.
Develop pyrotechnic missile circuits
including safe arm, squib ignition and RFI
elimination devices.

EXPERIMENTAL PHYSICIST — PhD.

Conduct experimental studies of the
application of nuclear or electron resonance
to gyroscopics.

ENVIRONMENTAL TESTING — B.S., M.S.
Undertake test programs to estimate
component and system reliability using
AGREE type methods; monitor offsite testing.

DESIGN REVIEW — B.S., M.S.

Perform mechanical or electronic deslgn
reviews, failure analyses, quantitative
analyses and reports. Includes circuit
analysis, component selection.
STATISTICAL ANALYSIS — B.S., M.S.
Apply statistical theory and method to
prediction and analysis of aerospace
component performance.

1DEP PRISM PROCEDURES — B.S., M.S.
Participate in “‘Interservice Data Exchange
Programming’’ and ‘‘Program Reliability
Information Systems for Management.”

Interested applicants are Invited to write in
confidence to: Mr. George R. Hickman,
Technical Employment Manager, Dept. 11J-1

REPUBLILG

AVIATION CORPORATION

FARMINGDALE, LONG ISLAND, NEW YORK
An Equal Opportunity Employer
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CHECK THESE
OPPORTUNITIES

"ACIONICS

with BELL AEROSYSTEMS COMPANY

ELECTRONIC COMMUNICATIONS

To develop, design and test a sophisticated pulse-type UHF
System, including transmitters, receivers, coders, decoders,
ground checkout and maintenance equipment. Requires an EE
degree with major in communications and several years re-
lated experience,

INERTIAL GUIDANCE

For development of complete guidance and navigation sys-
tems for strategic and tactical missiles, aircraft and aerospace
vehicles, ship and submarine navigation, and drone recovery.
Various degree levels with 2 to 8 years specific experience
in one of the following areas: logic design and magnetic
memory development; low frequency design and development
involving servos; systems and component testing; resolver
chains, gyros, accelerometer integrators; inertial instrument
development,

ELECTRONIC SYSTEMS

To initiate and conduct original theoretical and experimental
investigations for the synthesis and analysis of advanced elec-
tronic control systems such as air traffic control, target
locators, visual simulators and feedback controls. Minimum 5
years related experience required.

ADVANCED PACKAGING

To be responsible for advanced techniques in packaging micro-
miniaturized products. Involves heat transfer and vibration
problems, value analyses, standard packaging, standards, draft-
ing and components. Requires EE or ME degree with 5 to 10 years
design engineering experience.

Positions in the areas listed above provide an opportunity to
join a company with a proud record of achievements, includ-
ing HIPERNAS, the most accurate, pure inertial, self-compen-
sating navigation and guidance system known, and the
Bell AGENA engine, the nation’s most reliable satellite pro-
pulsion system. Current projects in avionics, aerospace and
rockets include an all-weather, automatic aircraft landing
system, HYDROSKIMMER, the largest air cushion vehicle in the
U.S., new concepts in V/STOL, ultra-reliable controls for skip-
glide reentry vehicles, and the first Rocket Belt for man in free
flight.

Your inquiries are invited. Please send resumes to: Mr. T. C. Fritschi.

BELL. AEROSYSTEMS CO.

DIVISION OF BELL AEROSPACE CORPORATION=A l!;[l'ol'll COMPANY

An equal opportunity employer

P. O. Box #1, Buffalo 5, New York

Engineering or Science Graduates
to be trained as

INSTRUMENT SALES ENGINEERS
with
The Bristol Company

Leading manufacturer of automation equipment
and control systems requires men, preferably 25 to
35 years old. to sell high quality, nationally
accepted products to wide variety of industrial
markets.

Openings in various areas of the country. Suc-
cessful applicants take comprehensive three-months
course at headquarters. Salary and expenses
All replies confidential; every inquiry answered.
Write: Charles F, Johnson. Mgr. of Sales Traininu

The Bristol Company
Waterbury 20, Conn.
An equal opportunity employer

ELECTRONICS ENGINEERS

With experience in components or system design
for high power radar or communications.
Send Complete Resume
Including Salary Requirement
D. F. Winter, Vice President
MOLONEY ELECTRIC COMPANY
5390 Bircher Blvd. St. Louis 20, Mo,

EMPLOYMENT PROBLEM?

When you are in need of specialized men
for specialized jobs, contact them through
an employment ad in this publication.

BUSINESS OPPORTUNITIES

SEARCHLIGHT SECTION

(Classified Advertising)

EQUIPMENT—USED or RESALE

COMMUNICATIONS APPLICATION ENGINEER
Analysis of advanced electronic communication sys-
tems including radio, carrier, telephone, microwave:
Must have design and marketing ex-
perience with commercial and mili-
tary users.

A EE degree, 5 yrs. exp. min.

g/ Send Resume to.

. 1~ Microwave Services International Inc.
Consulting Bngineers

Route 46 Denville, N. J.

ELECTRONIC CIRCUIT DESIGNERS

Excellent opportunity in New Products Department
of rapidly growing company making recorders and
laboratory test instruments. Requirements are a
degree in electrical engineering from a leading
college or university and three or more years
experience in instrument circuit design employ-
ing both vacuum tubes and transistors. All devel-
opment work would be on proprietary instruments.

Write in confidence to:

Technical Director

HOUSTON INSTRUMENT CORPORATION
4950-4951 Terminal Avenue

Bellaire 101, Texas.

1190

LIFSCHULTZ

FAST FREIGHT

PIGGYBACK
TO BOTH COASTS PROMPY

TRUCKLOAD RATES o
TO BOTH COASTS Sl
eWe welcome your inquiry.

FASTEST

TO BOTH COASTS!
CIRCLE 950 ON READER SERVICE CARD

AN
D e

FOR RESEARCH — DEVELOPMENT
& EXPERIMENTAL WORK

Over 10,000 different electronic parts: wave-
guide, radar components and parts, test sets,
pulsers, antennas, pulse xmfrs, magnetrons.
IF and pulse amplifiers, dynlmotors. 400 cycle
xmfrs, 584 ant, pedestals, etc
PRICES AT A FRACTION OF onmmAL COST!
COMMUNICA‘I’IONS EQ Co.
C NAL ST., Y, 13, WO 6-4045
ROSEN (Fomerly at l3l Liberty St.)

CIR(lE 951 ON READER SERVICE CARD

REL AY S
IN STOCK!
Send for Catalog §§

niversal reLay core.

WHITE ST N Y13, MY, s Wilker 5-6900

CIRCLE 952 ON READER SERVICE CARD

LOOKING FOR

USED/SURPLUS ELECTRONIC
EQUIPMENT/COMPONENTS?

For an up-to-date listing of such equipment
see Searchlight Section of August 10th.

electronics
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Whatever your part in engineering and
building electronic equipment, here’s the
NEW catalog that should be at your
fingertips for CABLES! New Catalog
No. 4C-61 gives complete charts on
Royal RG and special application cables,
physical and electrical characteristics,
testing procedures, engineering tables
(impedance, attenuation, etc.). Valuable
information, too, on MIL-spec, signal,
control and other multi-conductor cables.

WRITE for your copy — TODAY!
Royal Electric Corporation
301 Saratoga Avenue
Pawtucket, Rhode Island

(Quebec) Ltd.,

|
|

In Canada: Royal Electric Company
‘ Pointe Claire, Quebec

4
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ANTENNA

CAPABILITIES

The advanced design and pre-
cision construction of Ainslie
antenna systems and associ-
ated equipment bear testimony
to nearly two decades of micro-
wave communication, detec-
tion and identification expe-
rience. By virtue of complete
design-to-delivery capabilities
and facilities, Ainslie Corpora-
tion offers its customers not
only comprehensive standard
lines of mesh, spun and horn
antennas, but also the flexibil-
ity required to develop custom
designed prototypes for on-
schedule delivery.

We invite your inquiry.

COIREOR ATI ON

531 Pond Street
Braintree 85, Massachusetts

® Stevens-Arnold, Inc. ........e0000000 88
Synthane: Corp. .- ssassecas rsisvaesms 91
Pekirofix; FHO: s suueivonis swisaamns g 16

e Telerad Div. of Lionel Corp........... 8
Texas Instruments Incorporated
Semiconductor-Components div. ...... 59
Thomas Flexible Coupling Co........ 103
Torrington MEZ. COL iivcune csncmisasen 35

® Tung-Sol Electric, Ine. .............. bk

® United Shoe Machinery Corp.......... 113
Yega Electronies Corp. «cvvecsvosoerss 71
Virginia Electric & Power Co......... 22

o Western Electric Co., Inc............. 38

® Westinghouse Electric Corp........66, 67

® Wind Turbine Company.............. 94

CLASSIFIED ADVERTISING
F. J. Eberle, Business Mgr.

EMPLOYMENT OPPORTUNITIES.107-110

SPECIAL SERVICES ....cc.sesnessses 110
EQUIPMENT

(Used or Surplus New)

WOL: BRI@ s siooneacn sais 5555955 LTS & e 110

INDEX TO CLASSIFIED ADVERTISERS

Atlantic Research Corporation........ 109
Bell Aerosystems Co., Division of Bell
Aerospace Corporation — A Textron
COMPANN wixuip 3s aliainn s cn b siorele diama
Bristol COMPANY, THE., . s vesisnssosonn 110
e Communications Equipment Co........ 110
General Dynamics/Electronics ....... 108
Houston Instrument Corporation...... 110
Jet Propulsion Laboratory............ 108
Lifschultz Fast Freight.......c..veeen 110
Microwave Services International Inc.. 110
Moloney BIaotric (C0.: v s v siviemeinive aea 110
Philco Western Development Labs.,
Sub. of Ford Motor €C0.....ecvuee e 107
Republic Aviation Corp. ........c0.n. 109
® Universal Relay COrp....ccecececccsse 110

U.S. Naval Civil Engineering Labora-
TOTY G coccisesnonveiomosonnassinses s

® See advertisement in the July 25, 1962 issue
of Electronics Buyers’ Guide for complete line of

products or services.

This index and our Reader Service Numbers are pub-
lished as a service. Every precaution is taken to make
them accurate, but electronics assumes no responsi-
bilities for errors or omissions,
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AT THE DIE CASTING SHOW

G Bc soom #405 (DETROIT)
7N "

GEAR & PINION GUIDE BOOK

Gives full specs for hundreds of
stock combinations of small 1-pe.
die cast zine alloy gears integral
with pinions, shafts, spacers, ete.
.. also combinations to specs
(R( s exclusive techniques give
you 1 qunlnv in small parts
of diecast zinc alloy, and engi-
neering _thermo-plasties at low
cost! Write, for samples and
literature. \: end prints for quota-
tion,
No Minimum Size! Max: Zinc
Alloy-2” long, % oz. Plastic-13%"
long, .05 oz,

molded
PI.ASTIGS

GRIES REPRODUCER CORP.

World's Foremost Producer of Small Die Castings
151 Beechwood Ave. * New Rochelle, N. Y.
phone: (941) NEw Rochelle 3-8600
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ON PW BOARDS...

STOP COSTLY
COMPONENT
PREPARATION

DYNASERT

Cards or reels of components are loaded
into self-feeding raceways and prepared
for insertion automatically . . . The Dyna-
sert Component Inserting Machine does
all the work! Components are inserted ac-
curately, uniformly at high rates of speeds.
Operators are easily trained, changes made
from one board or component type to an-
other in seconds. Let us show you how
Dynasert can actually pay for itself on
only a few hundred insertions per week.
Send for Facts. Dynasert Dept., United
Shoe Machinery Corp., Boston, Mass.

m US1.72

DYNASERT.
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ADVERTISING REPRESENTATIVES

ATLANTA (9): LOS ANGELES (17):
Michael H. Miller, Robert C. Johnson Peter S. Carberry, Ashley P. Hartman
1375 Peachtree St. N.E., Trinity 5-0523 1125 W. 6th St., Huntley 2-5450
(area code 404) (area code 213)
BOS'.TON (16): : NEW YORK (36):
William S. Hodgkinson, Donald R. Furth Donald H. Miller, Henry M. Shaw
McGraw-Hill Building, Copley Square, George F. Werner r *
Congress 2-1160 (area code 617) 500 Fifth Avonuo, LO-4-3000
CHICAGO (11): (area code 212)
Harvey W. Wernecke, Robert M. Denmead PHILADELPHIA (3):
645 North Michigan Avenue, Mohawk 4-5800 Warren H. Gardner, William J. Boyle
(area code 312) 6 Penn Center Plaza, LOcust 8-4330
CLEVELAND (13) (e code 213
aul T. Fegley
55 Public Square, Superior 1-7000 SAN FRANCISCO (11):
(area code 216) R. C. Alcorn
DALLAS (1): 255 California Street, Douglas 2-4600
Frank Le Beau (area code 415)
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Riverside 7-9721 (area code 214) LOE:a?nNSw}:t.uphy e
DENVER (2). 34 Dover St. :
. W. Patten -
Tower Bldg., 1700 Broadway, FRANKFURT/Main:
Alpine 5-2981 (area code 303) Matthée Herfurth

HOUSTON (25): 85 Westendstrasse

Joseph C. Page, Jr. GENEVA:

Prudential Bldg., Halcombe Blvd., Michael R. Zeynel

Riverside 8-1280 (area code 713) 2 Place du Port
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“Headquarters for Business Information”

McGraw-Hill Technical and Business Publications

American Machinist /Metal- Electrical Wholesaling Product Engineering
working Manufacturing Electrical World Purchasing Week
Aviation Week and Space Electronics Science Week
Technology Engineering Digest Textile World
Business Week Engineering and Mining Journal
Chemical Engineering E & MJ Metal and Mineral
Chemical Week Markets
Coal Age Engineering News-Record Overseas only:
Construction Methods and Factory Avtomobile International
Equipment Fleet Owner (English, Spanish)
Construction Daily Industrial Distribution Ingenieria Internacional
Control Engineering National Petroleum News Construccion (Spanish)
Electrical Construction Nucleonics International Management
and Maintenance Nucleonics Week (English, Spanish
Electrical Merchandising Week Platt’s Oilgram News Portuguese editions)
Electrical Newsletter Platt’s Oilgram Price Service Metalworking Production
Electrical West Power (Great Britain)

Available by subscription only — to qualified persons actively engaged in the field of the publi-
cation. For subscription rates and information describing the editorial coverage of any of the
above publications, write to: Subscription Manager, Circulation Department, McGraw-Hill Pub.
lishing Company, 330 West 42nd Street, New York 36, N. Y.

September 7, 1962

Stromberg-Carlson”

TELEPHONE-TYPE
COMPONENTS

for unfailing quality

RELAYS

wide range, for many electromechani-
cal switching applications. Send for
Bulletin T-5000R3.

many designs available in pushbutton,
cam and twist types. Send for Bulletin
T-5002R2.

TELEPHONE
HANDSETS

lightweight high-efficiency models.
Standard or with switch assemblies.
Send for Bulletin T-5017R.

Plus all other telephone switchboard
components. For bulletins and more in-
formation, contact our nearest Sales
Office. Atlanta: 750 Ponce de Leon
Place N.E.; Chicago: 564 W. Adams
Street; Kansas City (Mo.): 2017 Grand
Avenue; Rochester: 1040 University
Avenue; San Francisco: 1805 Rollins
Road.

GENERAL DYNAMICS
TELECOMMUNICATION
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DELIVERY

KW- CW-4.4-10.5 GC

ELECTRONIC
TUBE
DIVISION

SPERRY RAND
GAINESVILLE, FLA. / GREAT NECK, N. Y.

New Super Power Klystrons
SAC-406 SERIES—4.4 to 6 Gc, 120-

CORPORATION

day delivery.
SAC-417 SERIES—6 to 8 Gc, 120-
day delivery.
SAX-418 SERIES—S8 to 10.5Gc, 120-
day delivery.

ALL AT FIXED PRICES

A free technical bulletin y <=3

is available. Write / S
Sperry, Sec. 157, Gaines- 2,5TH ANNIVERSARY
ville, Florida, or contact \i\EKLvs"‘o"

your nearby. cain & co. uuuuuuuuuuuuuuuuuuu
representative.
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New from RCA...

Developmental LONG-LEAD NUVISTORS

for applications requiring solder-in components

RCA is now developing a series of long-lead nuvistor types
designed to be soldered directly into printed circuit boards

... without sockets. This simplification can:

e cut assembly cost and time
e save space

e climinate the undesirable laading effects sometimes en-
countered with sockets in high-frequency applications.

Nuvistors are a perfect choice for high-frequency solder-in
applications because of their high reliability and long life.
(Recent tests proved the reliability factor of RCA-7586
nuvistors to be only 0.36% or less failures per thousand
hours with a 95% confidence level.)

The table at right indicates the long-lead
nuvistor types now in development.

Develop- X i
mental comarclal Developmental Long-Lead Nuvistors
Number Prototype Description
A-15212 RCA-7586 General-purpose industrial medium-mu triode
A-2702 RCA-7587 | General-purpose industrial sharp-cutoff tetrode
|
| A-15321 RCA-7895 Industrial high-mu triode
E A-15319 RCA-8056 " Medium-mu triode for low B-- and HYBRID equip-
‘ ment applications
A-15320 RCA-8058 Double-ended high-mu rf power amplifier triode ‘
‘ for UHF applications |
| A-15317 | Triode for low-level Class C service |
A-15318 Double-ended triode for low-level Class C service

Following types offer EXTRA low failure rates in early life periods, for applica-
tions where the primary objective is high and reliable performance for periods
up to 100 hours: e.g., sonobuoys, minibuoys, rocketsondes, weathersondes.

A-2707 Tetrode for oscillator-multiplier applications
through 100 Mc

A-15307 Triode for oscillator-multiplier, and amplifier
applications through 200 Mc

A-15309 Triode for low B and HYBRID equipment appli-
cations

Still other nuvistor types are in early stages of development— including a nuvistor with a 13.5-volt heater for low B+ and HYBRID
equipment applications in mobile communications. These long-lead nuvistor types constitute another dramatic step forward in the
rapidly expanding field of nuvistor receiving tube design. For details about specific types, talk with your RCA Field Representative.

The Most Trusted Name in Electronics

RCA ELECTRON TUBE DIVISION FIELD OFFICES...EAST: 744 Broad
Street, Newark 2, New Jersey, HUmboldt 5-3900 « MIDWESY:.Suite 1154,
Merchandise Mart Plaza, Chicago 54, Illinois, WHitehall 4-2900 « WEST:
6801 East Washington Boulevard, Los Angeles 22, California, RAymond
3-8361; 1838 El Camino Real, Burlingame, California, OXford 7-1620,



