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This Detector’s 1uv Sensitivity Will Find It
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TYPE 12524
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METER
LINEAR

Fully
Transistorized

QUTPUT

20-2000° 200 G-2KC

Type 1232-A
Tuned Amplifier
and Null Cetector

$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.

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

© TWO FIXED-TUNED FREQUENCIES — at 50 k¢ and 100 kc.

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

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

*Available on request, rerrint of “A Simplified
Noise Theory, and its Apg ication 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

¢LINEAR 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.

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

©FRONT LEGS EXTEND — permits tilting for easier viewing of
panel,

©LOW 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.

©RACK MOUNTING PROVISIONS — panel extensions available
for rack mounting.

RADIO COMPANY

WEST CONCORD, MASSACHUSETTS ‘
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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 detatls on this and other new antenna
designs, see p 39

IONOSPHERE-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 communi-
cations problems, by analyzing how the satellite’s stgnals are
recetved 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 $& 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

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 techniques have advantages with special combinations of
frequency, capacitance and mode of application.

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

Something for Nothing

o)
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f \ A

IN ELECTRONICS, as in every other business,
charlatans sometimes get into the act, claiming
“preakthroughs” 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 varietv of advanced com-
ponents that behave much like everyvday 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 paramectric amplifier (p 74, Dec. 15, 1961).

Other articles on parametric amplifiers using var-
actors, published this yvear, 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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NEXT TIME .. USE TINY

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 Adoms, 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. HOoOVER
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 Dbook, “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
390,0007? 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 =10% capacitor toler-
ance, see =10% resistor table, etc.
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 .2” 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 100% finai 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

TRIMPOTS
RELAY
BOURNS

September 7, 1962

Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto,Canada

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 .4" x .6”

Maximum operating temperature: 125°C ——= m»:-;rs‘
Contacts: SPDT; Rating: 1.0 amp — - —3
resistive, 26.5 VDC e e

Coil resistances: 5052 to 20009
Pick-up sensitivity: 100 milliwatts
Vibration: 40 G standard, 60 G special
Shock: 150 G
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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, 1Il. el

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

6 CIRCLE 6 ON READER SERVICE CARD
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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
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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&O0-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&0O 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
Clocks in U. 8., 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 usec—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 104, 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 Mc and
90.02268 Mc. 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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- NEW2N2511

(Min hee, 80 @ I¢ = 1pa.
Min heg, 40 @ I = 10pa & Te = -55°C)

Other Amelco | The 2N2511 is one of three new Amelco NPN silicon, planar transistors
Silicon Planar Transistors: | designed to provide useful current gain down to the microampere level
in the temperature range of —55° C to +-125° C. Other transistors in the TO-18

A I LU U CI packaged, low noise, high gain series are the 2N2509 and 2N2510.

sistors in production quantities:

2N709 2N929 For differential amplifier applications, the 2N2453 is now available.
2N760 2N930 This six terminal device contains two isolated very high gain NPN silicon
2N760A 2N1613 planar transistors in a hermetically sealed TO-5 type case. Transistors are
2N2049 2N1711 matched for current gain and base on voltage over the same temperature
2N2453 2N1893 range (—55° C to +125° C). Typical noise figure for each transistor is 3 db
2N998 2N2060 with a current gain of 150 at a collector current of 10pa.
T e R R R AR R
2N2509 2N2510 2N2511 2N2453
Parameter Test Conditions Min. Max. Min. Max. Min. Max. Min. Max.
hee Ic = 1A, VCE = BV 80
heE Ic = 104A, Vo = 5V 25 75 120 80
hgg Ic = 104A, Vo = 5V, T= —55°C 25 40 40
VCEO (sust) ic=10mA, Ig =0 80V 65V 50V 30V
lcBO lg=0,Vcg =0.8BV¢cg 2mpA 2meA 2meA 5mpA
Cob lg=0,Vcg = 5V 6.0pf 6.0pf 6.0pf 8.0pf
Noise Figure Ic = 104A, Vog = 5V, Rg = 10k, f = 1 ke 4.0db 4.0db 4.0db 7.0db
hee1/bEgo Ic = 1mA,Vog =5V, T= —55°Cto 4+125°C 085 1.0

VBE1 VBE2 Ic = 10eA, ch = 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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PRODUCTS PHOTOMACROGRAPHED APPROXIMATELY 30 TIMES ACTUAL 5126

close-up of maximum reliability

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

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 sclect wiring.

2. Lockheed designed memory array using multi-aperture

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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now available in
Ohmite | relays

NEW INDICATOR
LIGHT, TOO

B Model GPR relays represent a fresh design ap- CONTACT COMBINATIONS: SPDT, DPDT, and
proach in the field of good, economy-type relays.  3PDT for single relays; 4PDT and 6PDT on latch-
Construction is simplicity itself, and with the elimi-  ing relays.

nation of complexity has come compactness, versa-  gNcLOSURES: Clear plastic.

ili 1 ness. ]
tility, and unusual ruggedness TERMINALS: Barrier type or octal plug.

CONTACTS: 5 and 10 amps-at 115VAC or 32VDC ) ; .
(non-inductive). Gold flashed, fine silver (5-amp): LR L JesLAYS: Enclosed with plug-in mount-
ing; or unenclosed.

silver cadmium oxide (10-amp). SunBiied B 500508 2xd
) . PLATE CIRCUIT RELAYS: Supplied in - an

coiLs: Up to 230VAC, 60 cycles, or 115VDC; DC, , . .

1.4 watts; AC, 2 volt-amperes (AC latching type, 10.000-ohm coil resistances.

3.7 volt-amperes). Write For New Relay Catalog 700

POPULAR “‘COST-SHAVING” FEATURES OF MODEL GPR RELAYS

CHOICE of below- MULTI-USE terminals allow ALLTERMINALSon OCTAL PLUG relays up to ALL ENCLOSED re- INTEGRAL plug-in
chassis or above- soldering, insertion in printed one panel...permits DPDT have recessed pin lays mount solidly base up to DPDT
chassis connecting  circuit board, and use of AMP insertion in printed  bases ... meet UL spacing on base ... ot on avoids wiring be-

inplasticenciosures.  Style 110 push-on terminals. circuit board. requirements to 150 V. covers. tween contact ter-
minals and pins.

OHMITE

Rheostats « Power Resistors « Precision Resistors e
Variable Transformers « Tantalum Capacitors «

Tap Switches  Relays ¢ R.F.Chokes « Germanium Diodes OHMITE MANUFAGTURING COMPANY \\
3610 Howard St.. Skokie, lllinois
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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

you get a dependable output without tedious resetting

HEWLETT
PACKARD

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

COMPANY

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.

®
& Model Frequency Range Description, Features Output Price
200AB Audio 20 cps to 40 KC, ldeal 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 ohms) $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 1cps to1 MC, Useful for audio, video testing. 0.02 usec rise 7v p-p/75 ohms
Wave 1range time. Full amplitude variation available on 55 v p-p/ 600 ohms $350.00
Generator each of two outputs.
202C Low 1 cps to 100 KC, ldeal for subsonic, audio, uitrasonic applica- 160 mw
Frequency 5ranges 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. Qutput 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 3ranges 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 (3v/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 INCONSPICUQUS 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.

MWET;L@

VOLTAGE

DISPLAY OF DIFFERENTIATED
WAVEFORM—tunnel diode in lig-
uid helium—for enabling detection
of quantum phenomena at low
temperature.

e
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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).

INTEGRATOR DIFFERENTIATOR NON-LINEAR AMPLIFIER

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

TYPE O UNIT—for Tektronix Oscilloscopes that

3 accept letter-series plug-in units.

R # i MR Using this hew Operational Amplifier Unit in your Tektronix Oscil-
TYPE © OPURATIONAL AMPUIIER PLUGIN U suns 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-
fating 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-t0-25 mc, the risetime is 14 nsec, and
the maximum calibrated sensitivity is 50 mv/cm,

XL ANPUT vmvuu nmuv

TYPE O UN'T 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.

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

TEKTRONIX FIELD OFFICES: Albuquerque. N. Mex. « Atlanta Ga Balumore (Towson) Md. » Boston {(Lexington) Mass. « Buffalo, N.Y. » Chicago (Park Ridge) lIl. » Cleveland. Ohio » Dallas, Texas + Dayton, Ohio
Denver Colo. » Detroit (La(hrup V-Ilage) Mich. « Endicott (Ei ) N.Y. , N.C. « Houston, Texas  Indianapolis, Ind. + Kansas City (Mission) Kan. « Los Angeles, Calif. Area (Encino « Orange

. West Los A fis, Minn, « New York Clty Area (Albertson. LI, N.Y. + Stamford, Conn. « Union, N.J.} » Orlando, Fla. « Philadelphia (Bala- Cynwyd) Pa « Phoenix {Scottsdale} Ariz.
Plltsburuh (Monroevitle) Pa . Portland, Ore. » Poughkeepsie, N.Y. « San Diego, Calif. « San Francisco, Calif. Area (Lafayette « Palo Alto) « Seattle, Wash. + S D.C.(A dale, Va.).
TEKTRONIX CANADA LTD: Montreal, Quebec » Toronto (Willowdale) Ontario.

TEKTRONIX OVERSEAS DISTRIBUTORS: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is rep in twenty overseas ies by ified engi ing organizations.
European countries and the country of Lebanon, please contact TEKTRONIX INTERNATIONAL A.G., T g tA, Zug, St lat J, for the name of your local overseas distributor.

Other Overseas areas, please write or cable directly fo Tektronix, Inc., international Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX.
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SANGAMO BRINGS YOU

)\ ELECTROLYTICS

ff;:s

THAT SET NEW STANDARDS OF RELIABILITY!

Here’s a “twist-tab’’ electrolytic capacitor designed specifically for the

INSTRUMENT

rigorous requirements of instrument manufacturers. Check this list of

advantages over conventional “twist-tab’ electrolytics.

LONGER OPERATING LIFE LOWER ESR
[AkSS"C) BETTER TEMPERATURE EEECRpaLYIbE S
LONGER SHELF LIFE CHARACTERISTICS

BETTER HIGH FREQUENCY
CHARACTERISTICS

LOWER POWER FACTOR BETTER END SEAL

LOWER LEAKAGE

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.

ELECTRONIC COMPONENTS

SANGAMO ELECTRIC COMVIPANY

SPRINGFIELD, ILLINOIS



SANGAMO
CAPACITORS

If you need large quantities of energy delivered rapidly,
Sangamo energy discharge capacitors should be your
first consideration. The capacitor shown, for example,
has a capacitance rating of 2 microfarads and a re-
markably low inductance rating of 0.015 microhenries.
Rated for operation at 50 kilovolts, this capacitor is
designed for maximum energy content per case size.
The result: exceptionally high energy content (2500
Jjoules) discharged in the order of nanoseconds . ..
more rapidly than ever before possible.

In maser and laser research, magnetohydrodynamics,
magnetic-forming operations, thermonuclear fusion
research and many other projects, there is a growing
demand for large quantities of rapidly delivered energy.
Sangamo has been a pioneer in the development of
energy sources for these applications and through
advanced research will continue to develop energy
discharge capacitors that set new standards for per-
formance reliability.

IN STOCK FOR IMMEDIATE DELIVERY
Although designed for specific applications, certain
energy discharge capacitor ratings have been found
to serve a wide range of applications. These ratings,
as shown below, are offered by Sangamo from stock
for immediate delivery.

CAPACITANCE MF VOLTAGE KV SIZE INCHES

14 20 7Y% x 14 x 24%
60 10 7% x 14 x 24%
240 5 7% x 14 x 24%
8 20 7V X 14 x 15%
35 10 7% x 14 x 15%
140 5 7% x 14 x 15%

For more details on these and Sangamo’s complete line of
energy discharge capacitors, write for Bulletin TSC-208.

T

«

\

ELECTRONIC COMPONENTS

SPRINGFIELD, ILLINOIS
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Who can hand you everything —from 30 mil cores to 60% of a computer?

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

g

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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ARTISTS CONCEPTION of S-66 in orbit

COMMAND LOGIC

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

ANTENNA /\

POWER SWITCH

40/41-MC TRANSMITTER

\ MAGNETOMETER /7|
SOLAR CELLS [\
DUAL OSCILLATOR ‘
\

20-MC TRANSMITTER | | \

\

CORNER REFLECTOR

,\ ASSEMBLY
MAGNETOMETER ~
Wi C?MMAND RECEWER | |——ANTENNA
| | TELEMETER '
| sco's =
UMBILICAL |\
CONNECTOR \|
\

e p———
PAM
COMMUTATOR

. 324/360-MC TRANSMITTER
1 M62-MC TRANSMITTER

BATTER!ES

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
from the Pacific Missile Range later
this year. Fuller knowledge of the
ionosphere gained through the sa-
tellite hopefully will aid in solving
many long-range communications
problems.

The satellite, planned as one of
the Explorer series, will be
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
projects planned as a part of a
NASA ionospheric study. Two satel-
lites, Explorer VIII and Ariel, have
been launched. Three more will be
launched in the future, in addition
to S-66. A sounding rocket project
and a probe project are also in-
cluded.

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

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

ATTITUDE
ORIENT-
ATION
MAGNET

POWER TO ALL UNITS

be carried by the satellite to reflect
pulses from a ground-based laser.
The laser will emit 1-usec pulses
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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-Mc 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 Mec, 40 Mec, 41 Mc and
360 Mc. Theyv will be designed for
maximum short-term amplitude and
frequency stability and for mini-
mum differential phase jitter. A
crvstal oscillator, operating at 5
Mc 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
extensivelv on Transit V-A. Lang-
lev Research Center will manage
launch operations.

X-Ray Telescope to
Probe Moon and Stars

SAN FRANCISCO—AnN 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 microanalvsis at Stanford Uni-
versity. The device is expected to
aid in x-ray astronomy and in anal-
vsis 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 efliciency
of x-rav collection was inversely
proportional to the angle of inci-
dence. so the Giacconi-Rossi colli-
mator was designed to operate with
x-ravs 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 skyv 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
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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 factical
situations.

Potter MP06SII 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 al!pha-numeric
characters per second at packing
densities to 1500 per inch on 1-inch
tape . .. with drop-outs fewer than
1in 10%

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

=

Manufacturers of:

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

Potter pledge our diligence §

POTTER

© Digital Magnetic Tape Systems

POTTER INSTRUMENT CO., INC.

CIRCLE 21 ON READER SERVICE CARD

Sunnyside Boulevard « Plainview, New York

21



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
Eiectric Bldg., Richmond 9, Virginia « Milton 9-1411
Serving the Top-of-the-South with 2,049,000 kilowatts
—due to reach 3,019,000 kilowatts by 1964.

CIRCLE 23 ON READER SERVICE CARD_,



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-

[
CONSOLIDATED AVIONICS CORPORATION | | E’

800 SHAMES DRIVE, WESTBURY, L.1., NEW YORK

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 ali solid state ...
unique heat sink construction . . . voltages from 20 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

¥ A Member
of The Condec Group

New Low Cnst 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.




Noteworthy Notes on Digital Measurement /Second in a Series

Increasing control e

ciency. ..

p

through digital conversion and telemetering

Unique advantages with usefulness in many

The Peoples Natural Gas Company’s data systfem 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 THE Peoples Natural Gas Company, Pittsburgh, pro-
vided its highly-skilled dispatchers wich fast, accurate dara 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
to 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 buile 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.
¢ 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
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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,
concerted 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 t0
Non-Linear Systems, Inc., Del Mar, California.

non-linear systems, inc.

originator of the digital volrmeter
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Oceanographers Seek Exclusive

They ask for siz 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-frequeney radio bands for
oceanographers.

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

in Paris, would give oceanogra-
phers exclusive 3-Kc channels in
each of the six existing ITU mobile
marine bands. The channels would
have multiple use—telephone, fac-
simile, ec-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
yvear 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-3 aircraft, its electronic detection and cqun?er—
measures equipment and its armament. Some 82 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 Mec, 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-Kc 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-Kc
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.

27



WESCON Sets New

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

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

HIGH SPEED memory exerciser
and 1-usec memory consoles control
unit having storage capacity of
4,096 56-bit words, introduced by
Indiana General

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 eycle 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 Mc 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
Mc and 35 Mec.

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 Ke¢ 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 Kc and breakdown voltage of 60
volts at 100 pa. A grown-diffused
tetrode audio transistor features
minimum transconductance of 5,000
pohms 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

>3

SURVEYOR moon probe,

to be
launched next year, will carry this

lunar seismometer built by ITT
Federal Labs and designed by La-
mont Geological Qbservatory
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SPRAGUE

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 +85 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.

vCapacitor 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 2073 A to Technical Literature
Section, Sprague Electric Company,
35 Marshall Street, North Adams,
Massachusetts.

| 48.248
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When You Need =%
ELECTRIC WAVE FILTERS
Depend on Sprague for
¥ SERVICE
' DELIVERY S
¢’ RELIABILITY

AN

Sprague Electric
Wave Filters for use in
telemetry, telephony,
and various types of
communications systems and labora-
toryequipment whichrequire 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.

P Drawing on Sprague’s long
Vexperience 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

450444
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TRANSMISSION LINE~y +
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TRANSFORMER
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ONE-HALF OF A-C TO D-C conversion circuit for d-c power line (1.1
Mv line to line, =550 Kv to ground). Rectifier section will use about

13,560 silicon diodes

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 $3-million
contract to supply equipment for
the a-c to d-c¢ conversion,

Japanese Firms Increase
Electronic Qutput In 61

JAPANESE ELECTRONICS output in-

30

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 Olympiecs

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

OAKSIOR AT NORTHSIOE
REOWOOO CITY, CALIF,
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LEADER IN RADIATION CHEMISTRY
FOR ELECTRONIC WIRE AND CABLE

September 7, 1962

RAYCHEM

CORPORATION

CIRCLE 31 ON READER SERVICE CARD

31



s e PRI MRS

‘ GENERAL APPLIED SCIENCE LABORATORIES, INC.

e aaape S SR S S Eaaa s SS ———————— ——=—=o —— _r3a rusaal]

32

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 concave..,
The enslavers are really the enslaved.,

MODEL PSG-1
Pulse and Square Wave Generator

« Frequency Range ......1 cycle to 1 Mc
* Pulse Widths ... 0.1 usec to 0.3 sec.
« Rise and Fall Time........... 0.02 usec.
« Also Available for Rack Mounting

Double Pulse Adapter PSG-1/DG $1,350
Also Available for Rack Mounting

Price: $690

MODEL PG-10
High Frequency Pulse Generator
* Frequency Range....... 1 Mc to 20 Mc
* Rise and Fall Time <7 nanosec.
* Also Available for Rack Mounting
* Minimum Pulse Width:

8 ns at high frequency
o Up to —36V or
+20V into 100 ohm load

“WATCHING
PULEES IN
PERPETUITY”?

Like GASL’s own pulse watchers
you’ll find the experience more re-
warding with the PG-10 High Fre-
quency Pulse Generator or PSG-1
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
including: Timing, switching and
logic circuits, pulse circuitry and
transformers, pulse modulation,
high or low frequency response and
many other uses in radar, computer,
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

’ 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, 1A8; 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

SBOLID-8TATE 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 deudline for submitting ¢ 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 theorctical and experimental
resulls when available. Fields of interest
include : solid-state microwave amplifica-
tion, oscillation ; solid-state data storage
and logic; circuit developmenut providing
improvement in bandwidth, gain, noise
figure, stabdility, reliability; solid-state
devices performing an integrated circuit
function ; micro-circuit techniques im-
proving system performance and relia-
bility : new devices und device character-
ization ; solid-state techniques for
adaptive systems; quantum electronics;
cryogenics ; optoelectronics.

electronics



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.

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.

And, we’'re quoting 4 week delivery after your order arrives.

The 727B Series F provides direct digital readings of frequency, period
and time interval measurements, performing seven basic functions from
a front panel switch. Advanced computer-logic circuitry, decade count-
down time base that ends divider drift once and for all, BCD output on
rear for printers, etc., provision for remote programming and 2 year
warranty are standard on this and all CMC universal solid state units.

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.

Specifications

Model 727B Series F
Universal Counter-Timer

RANGE

Frequency

dc to 25 mc

Time Interval & Period
0.3 usec to 10® seconds

ACCURACIES
+1 count * oscillator accuracy
+0.1 usec = oscillator accuracy
(= trigger level error for
period & TIM)

'HAVE OUR NEW CATALOG?
Ask your representative or

write us for your free copy of
CMC’s 1962 digital instrumen-
tation catalog, describing the
industry’s most complete line of
solid state electronic counters.
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Computer Measurements Co.

A DIVISION OF PACIFIC INDUSTRIES, INC.

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



How much will

your success in engineering

depend on having
the right books?

The Electronics and Control Engineers’ Book Club
helps you keep ahead in your field . . . at a savings

Start your membership with any
of these selections:

Electronic Switching, Tim-
ing, and Pulse Circuits by
J. 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 themn? THE ELECTRONICS AND CONTROL
ENGINEERS' Book CLus 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 vour ficld offered in any twelve
months there are at least three you would
buy anyway. By joining the Club you save
hoth 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
Llectronic Designers’ 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.)

330 West 42nd Street, New York 36, N. Y

Please enroll me as a member of The Electronics and (‘ontrol Engl-
neers’ Book Club, You will bill me t‘orsm);_ ﬂrsEt| st;lect;on Dlmliicntec'l as your $1.00 book.)
at right at the special club price and $1 for Electronic Designers' o .

Handbook (or alternate choice). plus few cents delivery costs, (The O Electronic Switching, Timing, and
Club assumes this charge on prepaid orders.) Iortheoming selections
will be described in advance and I may decline any book.
take only 3 selections or alternates in 12 months of membership.

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

Name .............. reresuene ceesanas Pesseieene Piasesesiereiesaane [] Digital Computer and Control Engi-
neering, $12.35
Address ............. 14 aasba e taab et aet aaacarvaaceanny Veveenas . o
{3 Modern Transistor Circuits, $7.65

CitY....vieriviveianiinicennrenenens Zone..,... State............. 1 Magnetic Recording Techniques, $7.65
COMPANY . .oriiiviaotivtenatioaeceanoeearorioracearaaneasnsanseans ] Wave Generation and Shaping, $10.65

If not completely satisfied, you may return your first shipment within 10 days
NO RISK GUARANTEE: and your membership will be canceled, I,-9-7

ACCEPT THIS
$17.50 BOOK

ity #90
with membership In

The Electronics and

Control Engineers’
Book Club

ELECTRONIC DESIGNERS’ HANDBOOK

By R. W. Landes, 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 Tne ELecTrRONICS 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 thls
volume, you may substitute any
other book on this page as your
DOLLAR book, Check two books
below and you will recelve the
higher prlced selectlon for only
1

CLIP AND MAIL THIS COUPON TODAY

The Electronics and Control Engineers’ Book Club, Dept. L-9-7 Send as my first selection: (If

more than one book is checked we
will send the higher priced selection

Pulse Circuits, $7.25

1 need 7 ynjormation Transmission, Modula-
tion, and Noise, $9.95

C Mathematics for Electronics with
Applications, $5.95
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Moving air is easy. .. controlling it takes an expert

N et v—
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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
design. It is efficient, practical and taken for granted. That's the way we find it
in our business of designing and building all types of air moving units. We con-
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

g +10 RAGBJ(;E RESISTANCE TEMP, CHARACTERISTICS RESISTANCE
zL 3 —1s9C —580C 65°C 10S°C MAX.
Py} 100
0o
T 80
Wa 0
g 60
=0
23 40-
=z
3° -1 20-

1000 2000 3000 Ly 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 allowabie 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.

—l 33—

e —

157,128 250 =.031~
LEAD LENGTH 80DY LENGTH

O T

|
+090 = ,008"
DIAMETER

SPEER RESISTOR DIVISION P[En %d BRADFORD, PENNSYLVANIA

SPEER CARBON CO. IS A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED.
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Douglas is engaged in an intensive pré')g"r" m to
further development of -rajdorntes and antennas
| that will operate with precision in high per-
formance missile and re-entry vehicle
~applications. — :

The following are a few of the areps under
inVestfgati_on: methodg of radome construction
to extend the usefilness of presently known
materials-to temperatures beyond present .§mte.
of the art limits; new materials that will pro-
vide “see through’’ capabilities at temperatures
all the way up to BOOO°F; methods-of 'megsur‘-
ing electrical properties of dielectric inatérials
at elevated tejmpo:e‘raturesih

Urgency of this research i emphasized by
the mechanical and electrical-inadequacy of
fibire-laminates at the temperature levels of
high-speed technology. | *

1A

i

§
| i
i

DOUGL

MISSILE & SPACE SYSTEMS OIVISION

An equal opportunity employer

'ELECTROMAGNETIC

‘. ..one of more than 500 R & D programs &mder way-at Pouglas

s o —— — — c— — — — — —— —— — v—— —
— | ‘ -

WINDOWS

i H

of 'care'er‘ interest to‘engineers and scientists —

Douglas is seeking_e&ectronil:s.specialist's and
ot‘heré with disciplines related to aerospace at
all degree and experience levels. Applicants can
beassured-of stimulating work assignments and
wide professignal growth opportunities as they
participate in vital defense, sﬁace', research and
commercial programs. 'Somq of thése under-
takings-extend 10 years into the future. |
Send us your resume or fill out, and mail the
coupon. Within 15 days from t}xe receipt of
your letter;-we Will send you spe]ciﬁc‘ 'inform1a-
tion on opportunities in your field at Douglas. _

b

i i
Mr. F. V. Edmonds | | F8
Missile and gpacﬁe Systems Division |
Douglas Aircraft Company ]
' 3000 Ocean Park Boulevard Lo
| Santa Monica, California !

Please send me full information on profes-
V'siona} opportunities in my field-at Douglas:

"Name

Engineering or
‘vuclonmic [T, ——

Address._ | .+ ¢ V. f i

] H
1
i

l—ii__‘l_ l_l i ) B 1 B _ '_‘—*__—72___‘_
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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 1N947—
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 IN673 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 04 3.0
USA IN1415 400 10 1.1 1.0 2.0 320 1.0 1.0 10.0
TYPICAL CIRCUIT DEMONSTRATING CAPABILITIES
= I . . . »
:¢1 g“ : O+ out Output ripple is ~ 49% without filter
6-PHASE POWER SUPPLY OUTPUT AT 65°C.
L O RECTIFIER V. (max)| | (max)
:D || E TYPE out out
2 .
USA 1N673 200V 2A
7
:j “ 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

38 CIRCLE 38 ON READER SERVICE CARD electronics



electronics

Se¢ [»f( mber 7, 1962

360-FOOT FIXED PARABOLOID over ground plane, scanned by tilting flat plate at right, at the Ohkio State Unie
versity Radio Observatory, Delaware, Ohio—F1ig. 1

Modern Antennas in
Space Communications

Space-vehicle tracking and ANTENNAS with ever increasing range and resolving
. 3 . power are needed for locating and communicating with
communications require antennas space vehicles. Strange, noisy signals emanating from
with greater resolving power, cosmic processes in our solar system and in interstellar

. B . . s space are of interest to physicists and radio astron-
hzghm goan and mp1 oved omers. Powerful radars capable of reflecting detectable
scanning ca,pab?hty; here 1s signals from distant planets also require extremely large
how some new desig'ns measure up ?ntennas. 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-
By CARLYLE J. SLETTEN creased without encountering severe engineering as well

Air Force Cambridge Research Lahs. as economic constraints. A method for distributing
L. G. Hanscom Field, o e . ST
Bedford, Mass. 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 A/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 eclipticc. A more vexing
problem is to mecasure 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-
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PARABOLA

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
(A) 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
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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 tl:an 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
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UNCORRECTED
(SINGLE HORN FEED),

r*

l r
CORRECTED |/

(THREE-HORN FEED)S

'20 6° oo lBQ
SIDE-LOBE REDUCTION
antenna in Fig. 2—Fig. 3

due to corrected feed

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

==

where R is the range within near field, D is the aperture
size and A 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.

R =

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 10° 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 107 degrce (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-
fleetor 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 conc 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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CURVED-LINE souree feed for tricoordinate radar an-
tenna, using phase-in-space principle—Fig. 5

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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works perfectly in the optical sensc 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 arc progressively
phased & degrees apart. the change in phase between the
two terminals will be 28 degreces as the angle of plane-
wave incidence changes from focusing one point source
to an adjacent point source. Figure S shows such an
antenna operating as a radar.

FLAT ARRAYS—AIl 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 (frec space) to distribute the
power. However, a tower or feed suspension is usually
nceded to view the radiators or reflectors that can for
convenience be arranged along the ground. Flat arrays
ted 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 reccivers are considered under
scanning. Below 500 Mc, two-wire transmission lines or
coaxial cable can be used cfficiently 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 onc such device at cach of
the radiators in a large mattress-type array has discouraged
most workers so far. Gain is proportional to the number
of squarc wavelengths in the antenna aperture. To main-
tain and scan the antenna beam both on transmission and
reception, elements must be about A/2 apart. A flat array
with n elements per row and m elements per column re-
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DRANE-DAVENPORT interferometer using nonlinear
processing of received signals—Fig. 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 antcnna gain.

One solution combines the phase shifter and radiator.
Marston of Naval Rescarch 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 nceded)
it phase shifters arc used only along columns. The El
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 maunually 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 line®?
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. Duul-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 scctor of solid angle cover-
age. The most attractive means for achicving 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 elecments. 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. und near Great Malvern by
the Royal Radar Establishment in England. Sometimes
interferometers take the form of many moderately sized
apertures recgularly and widely spaced to produce many
grating lobes. This approach is used by Stanford Uni-
versity'® and the Mendon Observatory, France.3?

A number of ingenious mcthods 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 recei

ved wavefront to produce « 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 A/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 A/ 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
aperturc 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,
Knoxville—F'ig. 8

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 noisc. 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 reccived 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

ull PASSIVE, LINEAR, FIXED-GEOMETRY
s OPERATIONS PERFORMED BY INTERCOU-
e | PLING NETWORKS CONNECTING ELE-

| MENTAL FEEDS LOCATED ON BEST

! FOCAL SURFACE.

FUNCTIONS:

(1) RESTORATION OF PATTERN TO ON-
FOCUS AXIS QUALITY

(2) APERTURE ILLUMINATION AND
SPILL=OVER CONTROL

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 I

ELECTRONIC NONLINEAR PROCESSES
(MIXING AND AMPLIFICATION)

FUNCTIONS:

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

(2) MONOPULSE COMPARISON FOR
ACCURATE TRACKING

(3) OPTIMIZE RECEIVED PATTERNS DE-
PENDING UPON TARGET CHARAC-
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—F1ig. 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— 6 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
15 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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(B)

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 po