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218AR Digital Delay Generator

A produces crystal controlled pulses
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Time measurement and puise simulation in radar,
loran, Tacan, DME, oscilloscopes, computers,
fast gates, pulse code systems-—almost any kind
of time measurement single- or double-pulse
simulation is now yours quickly and accurately
with % 218AR Digital Delay Generator.

Built along strict military standards, ¢ 218AR
uses a pulsed crystal oscillator synchronizable
in constant phase with an initial trigger pulse
(zero time) and iwo positionable terminating
pulses. Time is counted with a 1 Megacycle pre-

accurately spaced in time. It is a

. perfect slave to any pulse, even though
random, and locks in constant phase

. during each counting period.
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set counter, and two independent output pulses
are available in any relationship.

PULSE GENERATOR PLUG-INS
IFor utmost versatility, output pulses are gener-
ated in various arrangements by three plug-in
pulse generators. These include & 219A, supply-
ing two positive pulses, ® 219B providing two
pulses, cach positive or negative and variable
in amplitude, ® 219C, providing a high power
pulse, positive or negative, digitally controlled
as to delay and duration, variable in amplitude.

Condensed Specifications

(Basic 218AR Generator; plug-ins essential)

Time Interval Range:
Accuracy:

Digital Adjustment:
Interpolation:

Input Trigger:

1 to 10,000 usec

+ 0.1 usec * 0.001%

1 usec steps, full range
Variable 0 to 1 usec

Internal 10 cps to 10 KC;
External 0 to 10 kc pulses,
also sine wave

Jitter: 0.02 usec or tess

Recovery Time: 50 usec or 10% of interval,
whichever is greater
50 v pos. pulse, 0.1 usec rise time
1 v pulses, 500 ohm impedance
-hp- 218A, $2,000.00
-hp- 219A Dual Trigger Unit, $100.00
-hp- 219B Dual Pulse Unit, $450.00
-hp- 219C Digital Pulse
Duration Unit, $350.00

Sync Output:
1 MC Output:
Price:

Data subject to change without notice. Prices f.o.b. factory

HEWLETT-PACKARD COMPANY

1010A Page Mill Road - Palo Alto, California, U.S.A.
Cable “HEWPACK” « DAvenport 5-4451

Field representatives in all principal areas

@World leader in precision electronic counting
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Engineers/Designers! Ask for this G-C

MICROWAVE FERRITE
APPLICATION CHART

MICROWAVE FERRITE APPLICATION CHART

LOWEST OPERATING TYPICAL
MATERIAL BAND FREQUENCY** APPLICATION TYPICAL POWER LEVEL
R-1 X 8,500 megacycles Phase Shifter Low Power
R-4 X 7,000 megacycles Phase Shifter Can be used above resonance
at peak power > 1 Megawatt (2)
R-4 S 2,500 megacycles Resonance Low Power
Isolator (1)
R-5*% (o4 5,000 megacycles Phase Shifter Can be used ahove or below
resonance at peak power >
1 Megawatt (2)
R-5% S 2,500 megacycles Phase Shifter Can be used above resonance
at peak power > 1 Megawatt (2)
R-5% L 1,000 megacycles Resonance Isolator Low Power
R-6* S 2,500 megacycles Phase Shifter Similar to R-5
R-6% L 1,000 megacycles Resonance Isolator Low Power
*NEW PRODUCT
REMARKS, General Ceramics

(1) R4 saturates more rapidly than R-1 resulting in faster reduction at low field losses. See

hysteresis loop data.

(2) Operating power levels reported by customers. It has aiso been reported that R-5 and R-6
can be used as low as 500 Mc/s in certain phase shifter appiications.

R-1 and R-4 are Mg-Mn ferrites. R-5 and R-6 are Mg-Mn-Al ferrites.
**Lowest Recommended Frequency—can be used at frequencies above published value.

=it's included in the new General Ceramics
Data Bulletin on Microwave Ferrites

This new comprehensive bulletin contains technical data
on the most complete cross-section of materials in the
industry, including two grades introduced for the first
time. Included are hysteresis loops, magnetic and di-
electric properties vs. frequency, and magnetic induc-
tion vs. temperature curves on ferrite materials R1, R4

MICROWAVE
FERRITES

and newly-developed R5 and R6. Application data, mag-
netic properties tables, and drawings and dimensions of
available stock parts are also contained in new Bulletin
259. Request your copy of this informative literature,
today; please address inquiries to General Ceramics
Corporation, Keasbey, New Jersey—Dept. E.

GENERAL CERAMICS

The World's Largest Producer of Micrawave Ferrites
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TV and Radio Magnetic General Purpose Recording Head Microwave
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VvER the years Kennedy has expanded its facilities to
meet the needs of the antenna industry . . . and today pro-
vides a complete field engineering service geared to solve
the complex problems of antenna systems installation.

This service, conducted by thoroughly experienced
Kennedy field engineers and technicians, includes site
selection assembly, erection, trouble shooting and checkout,
icustomer liasion, and on-the-job training for systems pere
sonnel in operation and maintenance.

An important fact is underlined here: that Kennedy
«capability in antenna systems is ‘ofal capability

W

ANTENNA EQUIPMENT

- D. S. KENNEDY & CO.

COHASSET, MASSACHUSETTS EVergreen 3-1200

West Coast Affiliate . . .

SATELLITE KENNEDY,INC. of CALIFORNIA
P. Q. Box 1711, Monlirey, Caltfornia~— FRontier -3-2461
 Down-to-carth SOLUTIONS lo out-of-this-workd -PROBLEMS
Tracking Antennas-Radio Telescopes-Réadar Antennas
“Trans-Horizon” Antennas-Tropospheric Scatter
lonospheric Scatter
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SHOPTALK . . . editorial

ST MAN IN SPACE SUIT is John
F. Mason, an Associate Editor
of ELECTRONICS. He is climbing
into the cockpit of an Air Force
twin-jet to get first-hand knowl-
edge of how thunderstorms are
tracked with radar. This oc-
curred during a four-day tour
that took him from Mitchell
AFB, N. Y., to Graham AB, Fla,,
to Keesler AFB, Miss., to Craig
AFB, Ala., to Maxwell AFB, Ala.

and Bolling AFB, Washington, D. C.

The trip produced the story which appears on p 20 of this issue.
In addition, Mason found several potential authors who will soon con-
tribute additional articles to the magazine.

It’s all in a day’s work for an ELECTRONICS staff man. If you hanker
to become part of a top-notch team running a really hot magazine, get
in touch with Editor Bill MacDonald. Requirements? Among them are
these: a degree in electrical engineering, experience in the electronics
industry, ability to judge, edit and write material for publication.

INSTRUMENT ACCURACY. One point brought out in Associate
Editor Leary’s story “Calibration Lags Defense Needs” (p 16) is
that National Bureau of Standards is swamped.

This fine scientific organization is designated by Congress as the
national calibration agency. Just doing the legwork of recalibrating
existing master standards keeps the Bureau busy; it doesn’t often
have enough men to develop new standards when—or before—they’re
needed.

Further, the fact that the Bureau has only two offices, in Wash-
ington and in Boulder, Colorado, is awkward. What’s needed is
half a dozen regional calibration offices close to concentrations of
industry. Both these needs trace to a common source. If the Bureau
of Standards is to do its daily work in calibrating, do new research
and develop new standards, it needs more money.

Coming In Our August 28 Issue . . .

POLARIZED PHOSPHORS. A relatively obscure property exhibited
by a wide variety of organic and inorganic phosphors shows great
promise in applications to information storage in computer memories
and facsimile production processes. According to H. P. Kallmann
and J. Rennert of New York University, data is stored in the phosphor
by producing a separation of charges in the phosphor body by d-c
fields and radiation.

SMALL-WAR COMMUNICATIONS. One of the main problems of
today’s modern, mobile army is communications. According to
W. Harnack of Adler Electronics in New Rochelle, N. Y., the Army’s
new AN/TSC-16 system, which can be flown anywhere in two C-124
Globemasters, will provide the field commander with direct channels
into the Army’s global communications network four hours after
the planes land.

COSMIC RAYS. To increase our knowledge of cosmic radiation,
measurements must be made over a wide geographical area. For
this reason there is a need for light-weight, easily adjustable instru-
ments capable of making measurements of these mysterious particles.
D. Enemark of Iowa State University describes balloon-borne gear for
this purpose which has been used successfully at 130,000 ft.

AUGUST 21, 1959 .« ELECTRONICS



Now you can specify these popular submins for extra-

severe duty — in new Raytheon Reliability-Plus types

Only Raytheon produces these improved-reliability button base subminia-
ture tubes — electrically identical to and directly interchangeable with
prototypes, and controlled throughout production to meet the following
tests above and beyond military specifications:

IMPROVED MECHANICAL STABILITY MAXIMUM RATING LIFE

15G sweep frequency vibration test to 2000 c.p.s.

10G sweep frequency fatigue test to 2000 c.p.s. CONTROLLED WARM-UP TIME
75G, 10 millisecond shock test — in addition REDUCED HEATER-CATHODE LEAK-
to usual 1 millisecond test. AGE AT HIGH HEATER VOLTAGES

IMPROVED PULSE OPERATION (CK6021WA, CK6111WA, CK6112WA)

Triode-connected pulse life test (CK6021WA,

CK6111WA) EACH TUBE MUST MEET RIGID
IMPROVED ELECTRICAL STABILITY QUALITY CONTROL STANDARDS

2 hour and 20 hour life tests to guarantee sta- ® 0.4% AQL for major characteristics —

bility of characteristics. compared with prototypes’ 0.65%.
IMPROVED HIGH TEMPERATURE ® High sensitivity thyratron short test.
LIF.E ) . e X.-ray inspection — an original Raytheon

Life-test end points now 1000 hours instead safeguard.

of 500 hours.

INDUSTRIAL TUBE DIVISION

55 CHAPEL STREET, NEWTON 58, MASSACHUSETTS

REI.IABI.E MINIATURE & SUBMINIATURE TUBES - GAS & VAPOR TUBES - CATHODE RAY TUBES . HARD-GLASS POWER TUBES

BOSTON: Blgelow 4-7500 . NEW YORK: PLaza 9-3900 . CHICAGO: NAtional 5-4000 . LOS ANGELES: NOrmandy 5-4221
BALTIMDRE: SOuthfield 1-1237 . CLEVELAND: Winton 1-7716 . KANSAS CITY: PlLaza 3-5330 . ORLANDO: GArden 3-1553
GOVERNMENT SALES . . . BOSTON: Bigelow 4-7500 . . . WASHINGTON, D.C.: MEtropolitan 8-5205 . . . DAYTON: BAldwin 3-8128
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MICRO

MINIATURIZATION

FOR
DIGITAL
COMPUTERS

12 resistors, 4 capacitors, 4 diodes and 4 transistors. ..

all are contained in the complete ﬂip-ﬂop circuit illustrated above.

At the Hughes Research & Development Lab-
oratories, dramatic reduction in component
size is symbolic of the advances in the digital
computer art...advances which are preparing
the digital computer for its role as a system
control in space.

In addition to developing new digital cir-
cuits and components, Hughes engincers are
delving into other digital computer space mis-
sion tasks such as navigation guidance and
control, communications processing and dis-
play, vchicle control, mission programming.

An intensive Hughes program in digital
computer systems has created openings for

creative engincers and physicists with degrees
from accredited engincering universities in

the following ficlds:

CIRCUIT and COMPONENT DEVELOP-
MENT: Digital Computer Analysis, Micro-
circuitry and Cryogenics, Solid State Physics,
Magnetic Storage Devices.

SYSTEMS ENGINEERING: Closed-loop
Digital Control, Digital Sensing and Conver-
sion, Radar and Communications Information
Processing, Incrtial Navigation.

The salary structure for these personnel
reflect the exceptional backgrounds required
and the unusual challenge of the projects.

Inquire by writing directly to:
Dr. Allen Puckett, Director
Systems Development Laboratories

HUGHES

@ 1989, H.A.C.

r'“"""'
L= =Y

Hughes Aircraft Co.,
Culver City 65, California




BUSINESS THIS WEEK

ELECTRONICS NEWSLETTER

SEMICONDUCTOR INTERESTS of two associa- BROADCAST EQUIPMENT MARKET will be en-

tions, EIA and NEMA, have just been merged
into an integrated program to provide broader
coverage in technical standards and marketing
data for manufacturers and users of semicon-
ductor devices. NEMA reports that its semi-
conductor activities will encompass rectifiers and
controlled rectifiers, while EIA will cover diodes
and transistors generally used in signalling and
low-level switching applications. Power tran-
sistors fall within the product scopes of hoth
associations. The associations maintain liaison
already in matters of statistics, industrial rela-
tions and legislative problems. A cooperative
standardization program is conducted through
the Joint Electron Device Engineering Council,
a group financed jointly.

MILITARY PURCHASE of common electron tubes,

formerly handled by the services separately, will
be carried out by the Air Force for all three mili-
tary departments by March 31, 1960. During
fiscal 1959 the services bought more than $48
million worth of these commonly used tubes, with
the Air Force alone accounting for more than
half. Procurement change is in line with Defense
Department goal of integrating common supply
functions so long as military capabilities are not
diminished.

Miniature mass spectrometers aone half cubic foof in size

and weighing no more than 12 lbs will be built for a
35-in. diameter earth satellite to be launched in 1961.
Consolidated Systems, a subsidiary of Consolidated
Electrodynamics, will build the two devices under a
$98.600 contract from NASA's Goddard Space Flight
Center. Purpose: to measure and analyze the exosphere,
a region 150 to 600 miles from the earth.

SILICON CARBIDE EMITS ELECTRONS. This is

reported by Westinghouse research scientists. As
a result, they envision a solid-state tube. Clarence
Zener, director of Westinghouse research, thinks
the discovery of an electron flow from silicon
carbide might “reverse the trend” towards tran-
sistors and related devices and “bring a new
lease on life to the verv device which semi-
conductors seem destine to outmode.” The tube
envisioned by Zener would have a small semi-
conductor crystal with a built-in junction instead
of « heated cathode. The crystal would consume
little power and yield electrons instantly and
indefinitely when a small voltage is applied.
Zener says the electrons escape from spots 50-
millionths of an inch in diameter, producing cur-
rents of a millionth of an ampere. Sueh pinpoint
sources, he believes, will simplify focusing of the
electron beam and eliminate complicated tube
construction.

ELECTRONICS - AUGUST 21, 1959

tered this fall by the British-made Muarconi IV
television camera, marketed by Ampex as sole
distributor of Marconi tv camera gear. Ampex
will also market tv camera tubes made by English
Electric, whose 4}-in. image orthicon is used in
the Mark IV. The American firm will sell a studio
package that includes the Marconi camera and
its own videotape recorder. will aim at both
networks and small stations.

RADIOGRAM SERVICE FOR AIR PASSENGERS

has been established by El Al Israel Airlines
and RCA Communications. Two-way commercial
service is similar to that available to sea voy-
agers. Special gear on airliners maintains con-
tact with station at Chatham, Mass., from any
point between New York and Tel Aviv.

Radar telescope with a 142-ft diameter parabolic antenna

will he completed in ahout a year by Stanford Uni-
versity and Stanford Research Institute, with support
from AF Cambridge Research Center. Million-dollar-
plus 20-60 me transmitter requires a million-watt power
supply. Dish is designed for use between 20 and 2,000
me. Total cost of the radiotelescope: about $1.5 million.

AROUND-THE-WORLD ECHOES are luring the

attention of Air Force and Navy researchers.
Signals can be used to detect transmitters, can
also interfere seriously with pulse code circuits.
USAF’s Cambridge Research Center has detected
echoes when twilight zone covers substantial part
of the earth. Some 50 to 100 milliseconds after
direct-path signal is received. echo which trav-
elled around the world in the opposite direction
is picked up. Phenomenon occurs mostly in
winter. Stantford University is studving these
echoes for AF/CRC; Bureau of Standards runs
tests for the Navy.

Satellite clock and programmer being developed by Wal-

tham Precision Instrument Co. will help U.S. manned
satellite flight go up and come back safely. Chron-
ometric programmer will measure clapsed time from
launching, trigger split-second schedule of a dozen or
more functions, including reentry procedure. Problem:
operation of a clock mechanism in zero gravity of free
fall.

SHORTWAVE FADEOUT caused by solar flares is

being checked by Naval Research Labs’ project
Sunflare II. Program uses Nike-Asp solid-fuel
rockets. First of series of 12 firings from Point
Arguello, Calif., naval missile facility went up
over 150 miles during a flare on July 14, measured
soft and hard X-rays, Lyman alpha radiation,
mapped out development and decay patterns of
these ionizing radiations relative to visible light
of flare.



BARNSTEAD
BANTAM

DEMINERALIZER

DOES 5 WATER
PURIFICATION JOBS
EMPLOYS 5
INTERCHANGEABLE
CARTRIDGES

BANTAM

PRESSURE

Y o BANTAM
STANDARD CARTRIDGE Produces ion free
water at minimum cost . . . removes 1500

grains as NaCl (1300 as CaCOg).

demanding better than 1,000,000 ohms
resistance and neutral pH. Cartridge ca-
pacity is 1230 grains as NaCl (1050 at
CaCOyz). Approximately 35 of cartridge
capacity is million ohm water or better.
ORGANIC REMOVAL CARTRIDGE Removes
organics, organic liquids and gases that
would pass through a demineralizer. Ef-
fective in removing chlorine. Ideal for
pre-treating demineralizer feedwater, for
self-purifying high purity rinse systems
and other processes where organics or
odors in the water are objectionable.
OXYGEN REMOVAL CARTRIDGE Developed
for cooling water loops where it is impor-
tant to maintain low oxygen content to
prevent corrosion. Cartridge removes one
part per million of dissolved oxygen from
2500 gallons of water, or 6.8 liters (9.7
grains) of oxygen at standard temperature
and pressure,
CATION CARTRIDGE Provides (1) precious
metals recovery, (2) radio-active isotope
recovery, at low cost, (3) also useful for
removing volatile amines where heating
plant steam condensate is being used as
the feedwater for a Still, and (4) where
close control over the pH of water is nec-
essary, the cation cartridge in its ammonia
or lithium form is effective.

TRADE MARK REG US PAT. OFF

Barnstea

STILL AND STERILIZER CO.

19 LANESVILLE TERRACE BOSTON 31, MASS.

Write for Literature

MIXED RESIN CARTRIDGE For operations| |
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WASHINGTON OUTLOOK

| WASHINGTON—ELECTRONICS stocks and other defense industry securities

dipped quickly on the stock exchanges when the Eisenhower-Khrushchev
exchange of visits was announced. Investors reacted as if the outlook
for military spending were in question.

But few, if any, in Washington—certainly no one connected with the
formulation of the defense budget—expect the summit meeting to produce
any hard and fast developments that will directly affect the rate of military
expenditures.

Washington’s requirement is still an enforceable disarmament agree-

ment of the Navy’s experimental “high-frequency ionospheric back-

to trimming the Pentagon’s spending. The Soviets have vet to indicate

that they will go along with such a disarmament scheme, and diplomatic
sources anticipate no change with Khrushchev’s visit here.

Defense Secretary McElroy underscores the point: “I think that’s one
of the things we must guard against . . . the natural inclination of this
country to believe that peace is just around the corner because there may
be the initiation of what I think is fine to have happening, but, nevertheless
is only the first in a series of steps that must be taken before there can
really be an acceptance on the governmental policy level of an actual
reduction of world tension.”

The outlook for military spending in the near future is still fairly clear:
A leveling-off in total expenditures at around $41 billion with a continuing
rise in outlays for electronics.

® There was serious opposition within the Pentagon to the announce-
ment of the Navy’s experimental “high-frequency ionospheric back
scatter radar” detection device. Some officials objected to what they
considered a premature announcement of a detection system which
still requires considerable development effort.

Identified with the project—dubbed “Project Tepee”’—is ACF
Industries. ACF’s Nuckar-Erco division, Riverdale, Md., built the
experimental device, is constructing an operational model due by the
end of the year. Up to now, the Office of Naval Research has spent
$1.1 million on the project, which began in the fall of 1957.

In brief, the new detection device involves bouncing radio waves
off the ionized hot gases created by a giant rocket launching or a nu-
clear explosion. A radarscope shows the reflected waves and discloses
the position of the masses of gases.

The Pentagon’s Electronics Production Resources Agency predicts
that defense requirements for transistors will zoom from a present
annual level of about 8 million units to a minimum of 100 million
units by 1965.

EPRA'’s projection, based on known military requirements for the
July 1959—December 1961 period, includes a “number of significant
weapon systems to develop trend lines and establish minimum
requirements by type.” About 50 percent of the total quantity covers
electronic end-items still in the research and development stage,

The official military transistor requirement totals 20 million units
by 1962. The projection for three years beyond includes anticipated
FAA, NASA, and NSA transistor needs.

Of the 565 transistor types, 32 make up about 80 percent of the
total requirement over the next 21, vears. Heaviest requirements are
reported for the 2N396, L5129, 2N501, and 2N1135 type transistors.

FCC may issue a proposed rule in September which would add some
a-m stations of at least 10 kw to the 24 unduplicated clear channels.
The commission vote instructing the staff to prepare a rule was
close, and the decision can still go either way.

AUGUST 21, 1959 - ELECTRONICS



To Assure You Safe,

Trouble-Free Electrical Protection
every BUSS Fuse is electronically tested!

Before a BUSS or FUSETRON fuse
ever leaves the plant, it must meet
our high quality control standards.

Each fuse is tested in a sensitive
electronic device that automatically
rejects any fuse not correctly cali-
brated, properly constructed and right
in all physical dimensions.

Thus . . . by specifying BUSS and
FUSETRON fuses you have one more
way to help safeguard the reputation
of your equipment for service and
reliability,

BUSS Fuses are made to profecf ot fo blow, needfessly

Complete Line For
All Your Fuse Needs

Single-element fuses for circuits
where quick-blowing is needed.
Single-element fuses for normal

circuit protection.

Dual-element, slow-blowing fuses
for cireuits where harmless current
surges occur.

Indicating fuses where signals must
be given when fuses open.

BUSS fuses range in size from 1/560
amperes up — and there’s a companion
BUSS line of fuse clips, blocks and
holders.

BUSS makes a complete line of fuses for home, form, commercial,

If You Have A Special
Protection Problem

The BUSS fuse research laboratory,
world’s largest, plus experience gained
by solving all types of electrical pro-
tection problems for over 44 years — is
on call to you at all times. BUSS fuse
experts will work with your engineers
to help you find the best, yet most
economical solution.

For more information,
write for BUSS bulletin SFB.

BUSSMANN MFG, DIVISION,
McGraw-Edison Co.
University at Jefferson, St. Louis 7, Me.

859

TRUSTWORTHY NAMES IN reddd .
ELECTRICAL

electranic, electrical, automative aad industria’ use.
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Some terms like “up,” “long,” “wide” or “high” are purely
relative. “Reliability” is not a relative term—it is absolute!

The systems which regulate the flow of electricity,

water, natural gas, petroleum and the other liquids and
gasses which are so vital to our industrial and personal lives
must be reliable — without compromise or qualification!

Since 1921 North Electric Company has designed,
developed and manufactured thousands of such systems—
systems which have established new standards of reliability.
North’s unique capabilities in this field stem from

75 years of proven experience in the areas of
communication and control, the two basic principles
upon which a system complex is dependent.

For utilities, for industry, for defense—North engineered
and built systems are functioning 24 hours a day,

365 days of the year—such reliability is inherent in
every North Product.

North stands ready, and able, to give you specialized
assistance in system design, development and manufacture,

Write, wire or phone

{NDUSTRIAL DIVISION

NORTH ELECTRIC COMPANY /

499 SOUTH MARKET STREET ¢ GALION, OHIO
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FINANCIAL ROUNDUP

New Name on Two Boards

ONE MORE electronics firm has
joined the steadily growing roster
of companies in our industry
whose stocks are available on the
major markets. Monogram Pre-
cision Industries, Inc., Culver City,
Calif., now has its common stock
listed on the American and Pacific
Coast stock exchanges.

Under the symbol MGP, Mono-
gram’s listing covers more than
1 million shares outstanding of
2 million authorized. The firm,
which manufactures microwave
gear and ferrite devices, concluded
its fiscal year on June 30 with
sales of about $8 million and a
backlog of more than $7 million.

e Victoreen Instrument Co.,
Cleveland, O., and Tenney Engi-
neering, Union, N. J., have agreed
to merger terms to join and create
the Victoreen-Tenney Corp. The
merger will be based on an ex-
change of 8/10 of a share of Vic-
toreen stock for each Tenney share
outstanding. The exchange repre-
sents an approximate market value
of $6% million. Stockholders meet-
ings to vote on the merger plan are
slated for early next month.

e Republic Aviation Corp. re-
ports consolidated sales of $109,-
812,737 and net income of more
than $1! million for the first half
of 1959. Earnings for the first six
months total $1.07 per share. This
compares with sales of $86,373,821
and net income of $1,528,967 equal
to $1.04 in the same period last
vear.

e Allen B. Du Mont Labs., Inc.,
Clifton, N. J. sustained a loss of
$117,672 on sales of $9,243,436 for
the first 24 weeks of 1959. For the
first six months of 1958, the com-
pany reported sales of $18,493,000
and a loss of $5,124,000. This def-
icit included a reserve of $2,900,-
000 for the estimated loss from
the disposal of the Du Mont con-
sumer television business. Pres-
ently, all three of the firm’s
divisions—military, tubes and in-
dustrial—are participating in im-
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proved operations which are ex-
pected to be profitable over the
balance of the year.

e Zero Manufacturing Co., Bur-
bank, Calif., reports sales in-
creases of 28 percent during the
first quarter of its fiscal vear as
compared with the same period
last year. Profits for the same in-
terval were up 12 percent. The
company, which manufactures alu-
minum and magnesium cases and
housings for electronic gear, did
not include sales and profits from
Electronic Welding and White Air-
craft, two recently acquired com-
panies now forming part of the
Zero organization. New projects
may slow up second quarter earn-
ings and later show increased
profit by 1960.

25 MOST ACTIVE STOCKS

WEEK ENOING AUGUST 7

SHARES

(IN 100's) HIGH LOW CLOSE
Gen Tel & Elec 1,577 79 7514 785%
Raytheon 1,386 5318 45 473,
Avco Corp 1,344 153% 14Ya 1434
Intl Tel & Tel 1,176 38 35 3554
Zenith 930 12033 1042 105Y%
Sperry Rand 859 263% 2434 2434
Gen Electric 610 8134 7933 81
RCA 579 661 623 6255
Gen Dynamics 450 547 51 51
Litton Ind 426 1302 .08'4  109'3
Lear 410 1678 14Yg 143,
Siegler Corp 409 3234 284 293g
Hoffman Elec 396 302 25%a 261
Beckman (nst 395 6614 57 58
Amer Bosch Arma 387 321, 297 301
Univ Control 360 1833 175% 17%
Texas Instr 354 14935 12613 1261%
Barnes Eng 336 2834 2314 2574
Muntz Tv 331 212 2 23g
Emerson 326 174 153 1533
Standard Coil 325 193¢ 172 1758
Robinson Tech Prod 306 245% 20 2334
Reeves Soundcrft 300 93: 9 9
Gen Precision 293 1312 391% 395%
Admiral Corp 289 207 1914 197

The above figures represent sales of electronics
stocks on the New York and American Stock
Exchanges. Listings are prepared exclusively for
ELECTRONICS by Ira Haupt & Co.

NEW PUBLIC ISSUES

No. of Shares

Central Transformer Company ...... 75,000
Cohu Electronics Incorporated ...... 356,125
Infrared Industries ............... 100,000
Narda Microwave .......c.covenne 50,000

STOCK PRICE AVERAGES

(Standard & Poor’s) Aug. 5, July 8, Change From
1959 1959 One Year Ago
Electronic mfrs. 93.93 97.95 +66.8%
Radio & tv mfrs. 114.60 114.56 +124.5%
Broadcasters 101.31 105.11 +57.9%

Beattie Oscillotron

DIRECT
VIEW

Oscilloscope
Recording Camera

| Now, get a direct view with both eyes of

the cathode ray tube while you're re-
cording. No mirrors — full, clear vision.
The new Beattie Direct-View Oscillotron
is the most versatile instrument of its
kind — actually three cameras in one —
and the only system to offer all these
important features:

® Direct binocular view of CRT,
® Non-reversed image.

® Camera swings back for easy access
to lens and shutter, or lifts off com-
pletely. Can be rotated.

® Available with large Polaroid® Land
back or electrically-pulsed 35mm or
70mm camera for automatic, remote
operation. Adapters for film pack or
sheet film available.

® Continuous motion magazines avail-
able for 35mm and 70mm models.

® Electric shutter actuator optional with
Polaroid® Land model.

® Attaches easily to bezel of 5” CRT.
Adaptable to other sizes. No special
tools.

‘*Polaroid''® by Polaroid Corp,

Writc today for full details

T RTETE]
(@ COLEMAN i

1000 N. Olive St., Anaheim, California
Branch; 437 Fifth Ave., New York, N.Y,
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In Every

NI
HERGULES

DALMOTOR

POWER IN THE
GUIDANCE SYSTEM

olor for every
‘Nike Hercules.

_ many proven components to|
nake a missile system operational, In %he
‘ground to-air Nike Hercules, the impor-
itant AiResearch auxiliary power unit
idrives' Yuba's Dalmotor 3-phase 400- I
cycle alternator, Designed specifically (ori
ithis air defense application, the alterna-!
tor powers the missile's electronic guid-
ance and control system. The work of]
‘this small, vital unit is such that it must,
meel extreme environmental conditions of
theat, cold and shock.

Whether your need is transdycers, pre-!
cision cybermotive devices,. analog com-
putors, or a solution to an unanswered
problem, Yuba will designand build to
your strict specifications — with minimum,
lead time.

s PR

Dalmotor Division
1375 Clay Street
Santa Clara, Calif,

¥ YUBA CONSOLIDATED
INDUSTRIES, INC.

Plants and Sales Offices
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MARKET RESEARCH

Solar Cell Sales to Soar

MARKET FOR SILICON SOLAR CELLS
will boom over the next 10 years,
indicates Robert F. Edwards, In-
ternational Rectifier’s market re-
search manager and planning spe-
cialist,

Annual sales of solar cells, now
about $4.5 million should multiply
about 25 times by 1970, according
to estimates by Edwards and others.
Edwards claims future sales of
solar cells will rise in proportion to
expenditures on space electronics.
He looks for space electronics ex-
penditures, which started from
scrateh in 1958, to rise to $4.8 bil-
lion in 1970. Space electronics busi-
ness in 1959 amounted to $200 mil-
lion, according to the economic
consulting division of Arthur D.
Little.

Manufacturers

Increasing number of firms en-
tering the solar cell market lends
support to the optimistic sales fore-
cast. In 1958 only two firms—In-
ternational Rectifier and Hoffman
Electronics — reported themselves
as manufacturers of solar cells in
the ELECTRONICS Buyers’ Guide.
Six solar cell manufacturers are
listed in the new 1959 Guide which
contains four new listings under
this category: Admiral, Dynapar
Corp., Ferranti Electric and Texas
Instruments.

History

Devices capable of converting up
to 1 percent of solar power to elec-
tricity have been known for many
years. Archimedes in the year 214
B.C. is supposed to have used the
sun’s rays to burn the Roman
Armada attacking Syracuse.

But the modern silicon solar cell
dates back only to 1958 when Drs.
Chapin, Fuller and Pearson of Bell
Telephone Labs discovered that
silicon could be used as a photo
electric element with an efficiency
as great as 6 percent. A year later
BTL announced an improvement in
conversion efficiency up to 11 per-
cent. Some cells now have effi-
ciencies up to 13 and 14 percent.

Although present day sales of
solar cells are only a fraction of

their ultimate market, sales growth
to date has been significant. For
instance, Hoffman Electronics re-
ports that its solar cell sales in-
creased 10 times between 1955 and
1958.

Applications

The military is presently the
greatest user of solar cells and will
undoubtedly continue in this posi-
tion for many years to come. Major
military use of the cell is in satellite
equipment as a primary source of
power,

Solar cells are also used as power
sources with transistor radio re-
ceivers and transmitters, unat-
tended telephone repeater and
weather stations, intermittent sig-
naling and lighting devices, toys
and novelties.

Light sensing and control is an-
other broad application area. Sens-
ing and control applications include
photoelectric eye applications, light

meters, radiatien detectors, tem-
perature controls and infrared
detectors.

Fast Response

Because of the extremely fast re-
sponse (20 microseconds), wide
spectral range (from 4,000 to
11,500 angstroms), relatively high
light-to-electricity conversion effi-
ciency, and self-generating proper-
ties, solar cells will solve many con-
trol problems now facing design
engineers, Hoffman Electronics
claims,

High cost of solar cells has lim-
ited development of the industrial
market in the past. However, elec-
tronic engineers are hopeful of re-
ducing costs considerably in future
years. Some engineers expect that
costs of generating one watt of
electricity may be reduced by as
much as two-thirds in the not too
distant future.

FIGURES OF THE WEEK
LATEST WEEKLY PRODUCTION FIGURES

July 31,  July 3, Change From
{Source: EIA) 1g59 19{':9 One Ygear Ago
Television sets 91,507 98,426 —8.4%
Radio sets, total 191,895 258,234 +25.0%
Auto sets 47,436 108,459 +21.6%
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It takes a TEAM
to solve timing problems

The control of time is an extremely complex science

that demands a thorough knowledge of many individ-
ual technologies. For this reason, Haydon maintains

a team of engineering specialists to provide the reser-
voir of skill, knowledge, experience, and creative abil-
ity necessary to solve industry’s timing problems.
When you submit a timing problem to Haydon, it’s
handled by a team of specialists — not an individual
engineer. And you can be sure the Haydon Timing
Team is equipped with all the electric, electronic, me-
chanical and manufacturing know-how needed to
analyze your requirements and develop the best possi-
ble new or modified timing unit for your specific

application.

Correctly designed and efficiently manufactured,
Haydon timing devices are exhaustively tested before
release to a customer. The results are uniformly high
quality devices that are known for fine performance,
and long life. May we put our Timing Team to work

for you?

A few units from the complete Haydon line are shown
at the right. Send now for further information, out-
lining your requirements.

DIVISION OF
GENERAL TIME CORPORATION

Q-
"/ _‘.G‘\"’Nco,, O

’Pfﬁnyd.onkﬁ,\f

\., HOURS

\_AND TENTHS /
il

ELAPSED TIME
INDICATOR

ED-71
Compact, low-cost instrument
for machine tools,
communications equipment and
other commercial applications
where an accurate record of
operating time is desired.

Time Registered: 9,999.9 hours.
Weight: 5 0z. Voltages: 120 or
240 v, 60 cps. Power Required:
2.5 watts at 120 v, 60 cps.

TIMING MOTORS

A complete line of synchronous,
compact timing motors, speeds

from 1/60 to 60 rpm.
Guaranteed torques from 6
ounce-inches to 30 ounce-inches

at 1 rpm. Voltage ranges
103-132 and 206-264 vac,

50 or 60 cps.

INTERVAL TIMER

Directly controls heavy duty
electrical loads. Type AD can
be supplied with up to 3 SPST
switches. Type AT has 1 SPST
switch only. Intervals available
with dial and knob: 15, 60 and
180 minutes. Intervals to meet
your specific requirements can
be supplied. Voltages: 120 or
240 v, 50 and 60 cps. Switch
Rating: 28 amps, 250 vac

Haydon I
AT TORR/NGTON/
Headquarters for Timing

ELECTRONICS - AUGUST 21, 1959

2432 EAST ELM STREET
TORRINGTON, CONNECTICUT

non-inductive; 1 hp, 240 vac.
13
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Checking Einstein with
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Purity Plus— Hughes Products Division engineer checks
semiconductor materials to insure purity.

\

Exit cones capable of withstanding temperatures of 6000° F.
represent one example of advanced engineering being performed
by the Hughes Plastics Laboratory.

an atomic clock in orbit

To test Einstein’s general theory of relativity,scien-
tists at the Hughes research laboratories are devel-
oping a thirty pound atomic maser clock (see photo
at left) under contract to the National Aeronautics
and Space Administration. Orbiting in a satellite,
a maser clock would be compared with another
on the ground to ckeck Einstein’s proposition that
time flows faster as gravitational pull decreases.

Working from the new research center in Malibu,
California, Hughes engineers will developa MASER
(Microwave Amplification through Stimulated
Emission of Radiation) clock so accurate that it
will neither gain nor lose a single second in 1000
years. This clock, one of three types contracted
for by NASA, will measure time directly from the
vibrations of the atoms in ammonia molecules.

Before launching, an atomic clock will be syn-
chronized with another on the ground. Each
clock would generate a highly stable current with
a frequency of billions of cycles per second. Elec-
tronic circuitry would reduce the rapid oscillations
to a slower rate in order to make precise laboratory
measurements. The time “ticks”™ from the orbiting
clock would then be transmitted by radio to com-
pare with the time of the clock on earth. By meas-
uring the difference, scientists will be able to check
Einstein’s theories.

1n other engineering activities at Hughes, research
and development work is being performed on such

ELECTRONICS « AUGUST 21, 1959

projects as advanced airborne systems, advanced
data handling and display systems, global and spa-
tial communications systems, nuclear electronics,
advanced radar systems, infrared devices, ballistic
missile systems...just to name a few.

The variety and advanced nature of the projects at
Hughes provides an ideal environment for the engi-
neer or scientist who wishes to increase his profes-
sional stature.

Newly instituted programs at Hughes have created intmedi-
ate openings for engineers experienced in the following areas:

Communications
Thin Films
Electron Tubes

Environmental Engineering
Logical Design

Radar Circuit Design

Field Engineering Material & Component Eng.
Semiconductors Systems Analysis

Test Equipment Eng. Nuclear Electronics

Werite in confidence to Mr. Don Eikner,
Hughes General Offices, Bldg. 6-D8, Culver City, Calif.

© 1959, H.A.C.

The West’s leader in advanced ELECTRONICS

HUGHES AIRCRAFT COMPANY

Culver City, El Segundo, Fullerton, Newport Beach,
Malibu and Los Angeles, California;

Tucson, Arizona
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Standards labs in industry—like this one at Goodyear Aircraft—keep indusiry measurements on the mark, are kept on the
mark themselves by National Bureau of Standards. But . . .

Calibration Lags Defense Needs

Air Materiel Command survey of industry measurement standards

shows up problem areas, including some in electronics

DAYTON, O.—RECENT SURVEY of
industry calibration systems and
techniques points up problem areas
where available calibration lags
both the state of the art and the
requirements of defense.

As a byproduct of the survey,
which was made under Air Ma-
teriel Command auspices, manage-
ments in many companies are
looking more closely at their calibra-

tion program. Better standards
should result.
A glaring national deficiency

pointed out in the survey is the
need for more and finer standards.
The National Bureau of Standards,
designated by Congress as the
national calibration agency from
which all measurement must orig-
inate, is swamped by industry
calibration demands. The Bureau
is always faced with a backlog,
and can’t plow in necessary time to
develop new standards and meas-
ures.

Survey Results

Some of the results of the survey
are pretty shocking. About half of

16

the respondents couldn’t determine
the ultimate origin of their calibra-
tions. National Bureau of Stand-
ards was most frequently cited as
prime calibration source in several
categories, including r-f, micro-
wave and other electrical standards.
Overall results, however, show
more general reliance on com-
mercial standards manufacturers
and test equipment makers, espe-
cially for dimensional and optical
measurement and the simpler elec-
trical standards.

Many respondents were unaware
of the routine capabilities of NBS:
a dozen or so reported struggling
with probiems for which the Bureau
has solutions available on a routine
basis.

A number of firms lack adequate
plant or lab faeilities and controls
to house a calibration program.

Many kept few or inadequate
calibration records, with resulting
loss of control over recalibration
intervals. Some didn’t even know
when their local standards had last
been recalibrated.

Most frequentiy itentioned d'i-

ficulty arises from the Bureau’s
location. Plants and labs remote
from NBS headquarters in Wash-
ington time and again complained
of excessive elapsed time in re-
calibrating their own standards,
and of transportation difficulties.
Seven-eighths of the surveyed
firms would like to see a number
of regional calibration centers
established—to be operated by NBS
or the Defense Department—to
serve industrial centers far from
the nation’s capital.

Another general recommenda-
tion made by aimost all survey
respondents would make one central
agency responsible for texts, train-
ing and educational material on
calibration, and for disseminating
latest state-of-the-art information
on calibration. General consensus
is that NBS would be the logical
source for such material.

Problem Areas
Measurement deficiencies un-
earthed by the survey include in-
ternal and external diameters of
small holes and a h. st of electrical
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areas. “Measurement of blocks rep-
resents the highest refinement in
the precision measurement field,”
asserts one measurement expert.
“QOutside diameters represent a
more difficult problem, and inside
diameter gaging is the worst area.”
The same expert adds: “Absolute
measurement to the millionth of an
inch cannot be achieved with exist-
ing available equipment.”

R-f and microwave measure-
ments were on the problem list.
Measurements are not always pos-
sible, according to the survey, to
the accuracies required by military
systems. Specific areas mentioned
by the Air Force included: un-
modulated microwave power, av-
erage and peak values of pulsed
microwave power, attenuation, volt-
age standing-wave ratio. Power and
attenuation measurements across
the whole r-f spectrum also were
said to lag the state of the art and
military tolerance requirements, as
were precision measurement of a-c
voltage and capacitance.

Survey Follow-Up

Information for the evaluation
came from three sources thus far,
with a follow-up still to come. First,
quality contvol people from AMC
headquarters visited over 800 plants
and laboratories of Air Force con-
tractors. Then a team of calibration
experts from NBS and the Air
Force checked a smaller group of
missile facilities.

Finally, AMC, NBS and Aero-
space Industries Association de-
veloped a two-part questionnaire,
circulated it to member firms of
ATA, Electronic Industries Asso-
ciation and National Security In-
dustrial Association.

Sixty-eight firms ansewered part
I of this questionnaire, most of
them middle-sized and large com-
panies, and almost all with at least
one foot in electronics. The results
were collected and analyzed by
Sperry Gyroscope to point out the
major problem areas and suggest
paths for improvement.

A committee from the AIA is
currently following up in these
areas with part II of the question-
naire. This added probe will at-
tempt to pin down the problems so
that NBS can develop specific new
or improved standards, new meas-
urement techniques or higher
orders of accuracy, as needed.
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8,8, White Industrial Division
Dept. EU 10 East 40th Street, New York 16, N. Y.

FOR

SUPER-FINE

CUTTING

OF HARD, BRITTLE MATERIALS ...

THE ﬁ‘ ; Industrial
C?.é’/%%éAirbrasive® Unit

Not that we advise doing this to your fine crystal glassware, but it
seemed to us a dramatic way to show you the versatility and the cool,
shockless cutting and frosting action of our Industrial Airbrasive Unit.

Cuts as fine as .008” or large frosted areas are equally easy to make
with this amazing industrial tool. A gas-propelled stream of abrasive
particles quickly slices or abrades, as needed, almost any hard, brittle
material, such as fragile crystals, glass, oxides, metal, minerals, ceramics.

Applications range from prirted circuits, wire-stripping potentiom-
eter coils, and cleaning off oxides...to shaping or drilling germanium.
Every day new uses for the Airbrasive Unit are being discovered.

Send us your most difficult samples and
we will test them for you,

hbore

\w SEND FOR BULLETIN 5705A...complete information.

1064

New dual
Model D!

f

ISA SHOW BOOTH 865
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Here's how to pick

the best
for your money

Price is no clue when diodes sel! for about the same, and just
looking at them tells nothing. But if you ask the right ques-
tions about the three key factors in the production of quality
germanium gold bonded diodes, you have your clues to more
long-term reliability for your money. Here they are:

BAKING TIME AND TEMPERATURE
bear a direct relationship to long-term stability. You get a measure
of the quality of diodes by asking: ‘‘How long do you bake, and
at what temperature?”” (Al GT diodes are baked at 140°C for
at least 96 hours—the highest and longest in the industry!)

STRICT, STATISTICAL, HISTORY LOGGING
traces the progress of every single wafer made
from each ingot of germanium. At GT, if a few wafers fail to
pass the stringent GT quality tests along the way, then
all from the ingot are suspect and can be identified and
pulled out. There are no ‘‘stowaways'’ in a
shipment of GT quality diodes.

LEVEL OF TESTING STANDARDS
reveals the level of quality. Ask about "‘everyday”’
test standards. (In the GT Seal Test, diodes are
submerged in a penetrant-dye solution for 24 hours
under 75 psi. This test is so sensitive that
it will reveal a leak so small it would take over 300
years for 1 cc of gas to diffuse through the case.)
All GT quality tests—1009% electrical, 1009 shock
and vibration, and 1009, temperature cycling
—are at the highest industry level...
and as a final mark of quality, the color bands
on GT Germanium Gold Bonded
Diodes are baked on to stay.

GT is equipped to supply diodes tested to
individual customer requirements,

such as JAN Qualification Inspection Tests
and many others.

) N~ To get the full measure of quality in
= B:, Y Germanium Gold Bonded Diodes,
' see your GT representative; or write directly to

/ the company with know-how NOW.

/‘“‘&C I3 - /,‘ ; v o L
"‘: :[ ;l.o'/ \
Ll TRANSISTOR CORPORATION

1-27 138th Place, Jamaicy 35, New York /

i - A
— gl LI
. 7
} FOR IMMEQIATE OELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZEO
N GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING

CORP., 91:27 138TH PLACE. JAMAICA 35. NEW YORK, FOR EXPORT: GENERAL
TRANSISTOI? INTERNATIONAL CORP., §1-27 138TH PLACE. JAMAICA 35. NEW YORK.
PRECISION MAGNETIC RECOROING HEADS AVAILABLE FROM

. 4‘ GENERAL TRANSISTOR WESTERN CORP., 6110 VENICE BLVD.. LOS ANGELES, CALIF.
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Victorious Shows 3-D Radar

Electronic systems

She has

envious.

ELECTRONIC SYSTEMS abord HMS
Victorious, the gallant veteran of
Coral Sea days now rebuilt into an
atom-age carrier, have excited a
good deal of admiration and envy
from U.S. Navy carrier men.
Principal reason is her aircraft di-
rection system, which, in Atlantic
games with American carriers dur-
ing July, enabled her to score an
overall average of 90 interceptions
to 30 for U. S. carriers.

Hottest thing aboard the Vie-
torious is her model 984 radar,
which gives her direction officer
(equivalent to a combat intelligence
center officer) not only range and
bearing to all targets, but altitude
of any selected targets. Planning
interception patterns is thus ma-
terially simplified.

This system, combined with the
latest in combat intelligence centers
(called aircraft information or-
ganization aboard a British car-
rier), makes it possible for three
carriers and associated air pickets
to maintain complete surveillance
over a 1,000-mile sea frontier.

Three-D Radar

The 984 is one of the first suc-
cessful “three-dimensional” radars.
It can acquire altitude data about
a target without tracking it and
running its polar coordinates
through a computer (which is the
way a gun-laying radar gets its
altitude data). Result: it can main-
tain an area surveillance and at the
same time produce the slant range,
pointing angles and altitude data
needed to plan fighter intercept pat-
terns.

Details of the 984, its associated
computer, and the information
center where radar data are trans-
lated into combat intelligence, are
under tight security wraps. But
officers of the ship were able to
disclose some operating principles
to ELECTRONICS in an exclusive
three-hour tour of the completely
reconditioned flattop early this
month,

The 984 sends out a number of

ELECTRONICS « AUGUST 21, 1959

on the British flattop make U.S. Navy men

new radar, new

comprehensive display systems

Lens director of 984 radar on HMS Victorious gives her unique silhouette. Transmitting gear
is housed in 27-ton gyrostabilized nacelle (left)

narrow beams stacked vertically to
cover about a 50-deg vertical slice
of sky and still permit discrimina-
tion in elevation angle. Azimuth
discrimination is achieved con-
ventionally by rotation of the tower
(or nacelle, as the housing is
called).

British naval authorities could
not disclose the number of beams,
but they probably number about
two dozen. Of these, one, close to
the midpoint of the vertical sector
(aimed about 25 deg above the
horizon), is at a different frequency
from the other, is fixed in elevation,
and is used for long-distance sur-
veilance and early warning. The
others scan vertically in small frac-
tions of the whole possible elevation
angle covered by the radiating
array, and provide the fine eleva-
tion discrimination needed to com-
pute altitude.

Each beam has a separate re-
ceiver channel, with automatic fre-
quency control to correct for fre-
quency variations in the magnetron.
The energy is directed by a mi-
crowave lens about 14 ft in both
diameter and focal length.

Combat Intelligence

Plan-position data are presented
on several consoles in the aircraft
information organization. Com-
puter and comprehensive display
system were engineered by Pye Ltd.

When a direction officer deter-
mines that a target is putatively
hostile, an operator passes the

bearing and range of that target
through an associated computer,
which determines the elevation
from which the strongest return
is coming and computes the triangzle
to derive altitude. Then all known
data about that target are stored
in the computer, subsequently to
be updated as needed.

CIC and direction officers can
interrogate the computer store
about any target; if the target is
being “watched” and the data are
in the storage unit, the presentation
appears on a ppi-type scope on the
interrogatian panel, of which there
are many in the information center.
At each of these locations, too, is
a smaller analog computer which
translates target data, plus position
data of one or more of the carrier’s
fighter planes, into an intercept
course.

Carrier-Controlled Approach

Also new on the Victorious is a
Ferranti radar system for talking
down aircraft in foul weather. The
carrier-controlled approach (CCA)
radar is one of the first ever de-
signed specifically for shipboard
use.

The CCA system has a ‘“variable
drive” mechanism which permits
close timing of landings. If it is
necessary, for example, to land six
craft in five minutes, this mech-
anism figures out a 50-sec separa-
tion pattern and provides the CCA
officer with the necessary path data
to talk the planes down.
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TWO OUTSTANDING
HIGH-TEMPERATURE

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

For continuous operation at hot-
test spot temperatures up to
200°C (392°F) and up to
250°C(482°F)for short periods
of time—depend upon TETROC
—an all Teflon-insulated wire
available in both single and
heavy coatings.

CEROC is Sprague’s recom-
mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482°F) and
up to 300°C (572°F) for short
periods of time. Ceroc has a
flexible ceramic base insulation
with either single silicone or ‘
single or heavy Teflon overlays. ‘
The cer amic base stops “cut-
througa’’ sometimes found in 1

|
|
|

windings of all-fluorocarbon
wire. Both Tetroc and Ceroc
magnet wires provide extreme-
ly high space factors.

Write for Engineering Bulle-
tins 405 (TetrocWires) and
400A (Ceroc Wires).

SPRAGUE ELECTRIC COMPANY
35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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Air Training Market

Air Force electronics center at Keesler AFB will

almost double its inventory of gear this year

KEESLER AFB, MISS.—JUST BE-
HIND the Mississippi Gulf Coast’s
row of waterfront resort hotels
lies a spiraling—though little pub-
licized—electronics market.

Here at the Electronics Training
Center of the Air Force—one of
256 Air Training Command instal-
lations—20,000 electronics special-
ists are trained each year.

Electronic equipment needed to
convert that many untrained high-
IQ men into electronics experts
means steady, large-volume buying.
Locally the electronics center is
known as the “largest industry in
the South.”

Average net inventory of elec-
tronic gear has amounted to some
$40 million to date. The center has
been buying close to $4.5 million
worth of new electronic equipment
a year and spending $2 million more
for replacement of obsolete or worn-
out parts.

This year both inventory and buy-
ing will take a tremendous leap due
to new high-cost items Keesler will
buy. Two frequency-diversity ra-
dars alone will cost $30 million.

Graduates are qualified for op-
erational and maintenance duties,
20 percent and 80 percent respec-
tively, with all Air Force com-
mands. Their jobs range from op-
erating electronic countermeasures
equipment in a B-58, to tracking
planes on DEW-line radar scopes,
or repairing intercom systems in
a C-47. Unfortunately for the Air
Force, the majority of these men
filter into private industry as soon
as their tour of duty is over.

Much of the training equipment
used in Keesler’s ten specialized de-
partments is designed, developed
and built in the training aids sec-
tion. Giant-sized simulators—so
that students in the back row can
see what's going on—are built, for
training SAGE FSQ-7 radar track-
ing operators. Complete simulator
for a power installation for Thule
AFB was built to train men before
sending them to Greenland.

s
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Long-range radar used for training men
for DEW-line and BMEWS at Keesler AFB

Operational equipment of all
kinds, such as the ARC-24, is
bought and mounted for instruc-
tional use. Basic training devices
such as radio receivers, amplifiers,
and test equipment are designed
and built on the spot.

During fiscal 1959 and 1960, $1-
million is budgeted for just minor
components for training aids. Buy-
ing of standard operational items
and big industry-made portions of
simulators multiplies this amount
severalfold.

The fixed communications elec-
tronics department maintains an
inventory of electronic equipment
valued at $7.5 million. New equip-
ment ordered for fiscal 1959 and
1960 will hit $1 million. Gear used
includes: radio beacons, TVOR,
ILS, TACAN, DF, omnirange,
single-side bands, microwave relay,
troposcatter and ionospheric scatter
equipment.

Airborne counterpart to the fixed
communications department keeps
in good operating condition about
$13-million worth of equipment.
Electronic  warfare department
(ecm) has on hand about $5 mil-
lion of gear. It turns out 500 elec-
tronic warfare officers a year.
Ground electronics department uses
about $15-million worth of long-
range radar detection sets; this is
the group that will acquire the two
frequency-diversity radars.

ATC&W department (for air
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Spirals

traffic control and aircraft warn-
ing) trains GCA operators as well
as personnel for the overseas SAGE
system 212-L (ELECTRONICS, p 29,
Apr. 17).

Keesler’s SAGE training is car-
ried out at Richards-Gebaur AFB,
Mo., in an operating installation.

The Dbasic electronics depart-
ment uses thousands of electronic
devices, the majority of which are
built or at least modified for demon-
strational use by the training aids
section.

By last month Keesler had 25
courses going on at factory sites.
Companies include GE, Burroughs,
Reeves Instrument, Laboratory for
Electronics, Gilfillan, IBM, Western
Electric, Polytechnic, RCA Service
Corp., Westinghouse and Avco.

Right on the base, GE is conduct-
ing a course on the Atlas guidance
system. RCA recently conducted a
course on the installation and main-
tenance of troposcatter equipment.

Air Training Command consists
of 25 bases, 150 mobile and field
training units and more than 100
factory training sites. Besides pilot
and navigation schools, ATC trains
all specialists for the Air Force.

One growing responsibility is
programming and managing tech-
nical training for missile programs.
ATC is now involved in 15 Air
Force missile training programs.
Graduates to date total 8,000 quali-
fied missile airmen.

Weapon systems training at
Sheppard AFB, Tex. includes
courses on Atlas, Thor, Titan and
Jupiter. Here men learn about air-
borne guidance equipment, -equip-
ment cooling and electrical power
generation. Non-missile work in-
cludes communications operation
and aircraft maintenance.

At Lowry AFB, Colo., a big por-
tion of the work is devoted to arma-
ment systems maintenance. Elec-
tronic fire-control system for the
F-102 utilizes 59 electronics tech-
nicians. Each man requires 43
weeks of training.

Amarillo AFB, Tex. provides
courses for Quail and Snark, Lack-
land AFB, Tex. teaches airmen the
art of radio communication.
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flattens temperature-stability curve
of Cera-mile’ Disc Capacitors

Cera-Mite Ceramic Capacitors are now smaller, more stable. . .
thanks to Sprague’s new ceramic body Formulation 40. The in-
creased dielectric constant of this newly developed ceramic body
gives Cera-Mite Capacitors three times the capacitance per unit
size than heretofore possible. Capacitance change with tempera-
ture over the operating temperature range is negligible.
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Cera-Mite Capacitors are now available in Formulation 40 from
.001 to .02 yF, 250, 500 and 1000 volts d-c. Engineering Data
Sheets 6106 and 6125 list complete ratings and specifications.

SPRAGUE

Address literature requests to
Technical Literature Section,
Sprague Electric Company, 35
Marshall St., North Adams,
Massachusetts.

 the mark of reliability
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SPRAGUE COMPONENTS:
CAPACITORS + RESISTORS ¢ MAGNETIC COMPONENTS e TRANSISTORS
INTERFERENCE FILTERS » PULSE NETWORKS ¢ HIGH TEMPERATURE MAGNET WIRE
CERAMIC~-BASE PRINTED NETWORKS ¢ PACKAGED COMPONENT ASSEMBLIES
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Stromberg-Carlson

“TELEPHONE QUALITY”

Relays

. available immediately for any |
part of your operation that depends |

on electromechanical switching.
Proven by many years of meeting
the exacting requirements of the

telephone industry, these twin-con- |
tact relays of unsurpassed reliability |

are available in many types. The
following are representative:

Type A: general-purpose relay with
up to 20 Form “A” spring combina-
tions. This relay is excellent for
switching operations.

Type B: a gang-type relay with up
to 60 Form “A” spring combinations.
Type BB relay accommodates up to
100 Form “A” springs.

Type C (illustrated): two relays on
the same frame. A “must” where
space is at a premium.

Type E: has the characteristics of
Type A relay, plus universal mount-
ing arrangement. Interchangeable
with many other makes.

Complete details and specifica-
tions on all Stromberg-Carlson re-
lays are contained in our new relay
catalog. Contents include: spring
combinations, table of equivalents,
contact data, variations and special
features, plus complete mounting
and cover information.

The catalog is available on request.

STROMBERG-CARLSON

A DIVISION OF GENERAL DYNAMICS CORPORATION

Telecommunication [ndustrial Sales S'c
114 Carlson Rd. * Rochester 3, N.Y. %@2

%
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'Ruling Spurs Private Microwave

Equipment manufacturers expect burgeoning
! market as FCC opens spectrum above 890 mc

MICROWAVE EQUIPMENT manufac-
turers are laying plans to make the
most of a boom in sales expected to
follow recent Federal Communica-
tions Commission action opening
up the spectrum at 890 mc and
| above.

| The commission ruled that avail-

| | ability of common-carrier communi-

| cations will no longer bar a com-
pany from getting a private license.
This opens portions of the micro-
wave spectrum for private users.
Electronic Industries Association
estimates that the new regulations
mean a possible 25-percent increase

in microwave use within the next

| | six years, and a 50-percent increase

by 1976, over and above the normal
expansion that would have occurred
under the old rules.

A spokesman for one major man-
ufacturer says the industry has
awaited such a decision for years,
| adds it will have “tremendous im-
pact.”

Present high cost of microwave
installations—about  $12,000 to
$14,000 for a 35-mile reach plus
additional outlay for each added

relay point—is expected to limit
private systems initially to big
users. Manufacturers hope, how-
ever, to bring costs down.

Trucking companies, banks and
department store chains, as well
as manufacturers with scattered
plants, are all seen as potential
buyers. A communications engi-
neer speaking for the American
Trucking Association estimates
that once a system is established,
a private user will get about three
times as much communications per
dollar as he would from leasing
common-carrier facilities.

Would-be private users may file
applications immediately, but ELEC-
TRONICS learns that the commission
is already backlogged two to three
months.

Past hearings indicate that there
are enough available slots in the
range above 890 mc to take care
of foreseeable demands of both pri-
vate and common-carriers users.
New private systems will receive
assignments in the area above 10,-
000 mec, except for public safety
organizations.

Controls for Lacrosse Missile

e
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| An angular tracker (foreground) is adjusted to pick up signals from Army’s Lacrosse
surface-to-surface missile as it streaks toward a target 15 miles away. Other equipment
shown above in the radio command guidance system includes a power supply unit (right),
| a computer and a range and direction indicator. Martin is prime contractor
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MEETINGS AHEAD

Aug. 23-26: Electrical Conf. of the
Petroleum Industry, AIEE, Wilton
Hotel, Long Beach, Calif.

Aug. 23-Sept. 5: British National Ra-
dio Industry Council, Earls Court,
London.

Aug. 24-26: Gas Dynamics Sympo-
sium: Plasma Physics, Magnetogas-
dynamics; American Rocket Society,
Northwestern Univ., Evanston, Il

Aug. 24-27: Ballistic Missile and Space
Technology, U.S.A.F., Space Tech-
nology Labs, Los Angeles.

Aug. 31-Sept. 1: Elemental and Com-
pound Semiconductors, Tech. Conf.,
AIME, Statler Hotel, Boston.

Aug. 31-Sept. 2: Army-Navy Instru-
mentation Program, Annual Sym-
posium, Douglas Aircraft and Bell
Helicopter, Statler-Hilton, Dallas.

Sept. 1-3: Air Force Association’s
National Convention, Exhibition
Hall, Miami Beach, Fla.

Sept. 7-12: Machine Searching and
Translation International Conf.,
Western Reserve Univ., Rand Devel.
Corp.; Western Reserve Univ,,
Cleveland.

Sept. 14-16: Quantum Electronics Phe-
nomenon, Office of Naval Research,
Shawanga Lodge, Bloomingburg,
N. Y.

Sept. 17-18: Engineering Writing &
Speech, Dual National Symposium,
PGEWS of IRE, Sheraton-Plaza
Hotel, Boston; Ambassador Hotel,
Los Angeles.

Sept. 17-18: Nuclear Radiation Effects
in Semiconductors, USASRDL,
Western Union Auditorium, New
York City.

Sept. 21-25: Instrument-Automation
Conf. & Exhibit, ISA, International
Amphitheater, Chicago.

Oct. 12-15: National Electronics Con-
ference, IRE, AIEE, EIA, SMPTE,
Sherman Hotel, Chicago.

Mar. 21-24, 1960: Institute of Radio
Engineers, National Convention,
Coliseum & Waldorf-Astoria Hotel,
New York City.

There’s more news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 58.
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MY is no mateh for our UL

Proving one man’s maximum is another man’s minimum

Coy modesty may be a becoming trait, but not if
you want to sell rectifiers—so we boldly take aim

with a few revealing contrasts .

.. Brand “U”

boasts their 1.5 amp rectifier leaks only 2000 xamps
at 400 volts, whereas we scrap any 6 amp diode
that leaks 500 wamps at 600 volts (150°C).

It will pay you to look closely at the typical
comparisons sampled below, especially since you
can buy such superior Bradley rectifiers at lower
prices than the also-rans. Why not get the

extra Bradley margin of reliability?

Write us your
diode .
requirements:
We will send
you applicable
data sheets.

LEAKAGE
Bradley 6 amp: 100 xa @ 600 v (150°)
Brand U 1.5 amp: 2000 xa @ 400v
BrandV 1.5 amp: 300 xa @ 400v
Brand W 1.5 amp: 150 xa @ 400v
BrandW 3 amp: 500 xa @ 400v

Bradley 6 amp: 1.0 xa @ 600 v (25°)
Brand W 1.5 amp: 20 na @ 400v
Brand W3 amp: 50 na @ 400v
Brand X 3 amp: 10 xa @ 200-600v
BrandY 1 amp: 2 uxa @ 500v

SWITCHING TIME (Recovery Time)
Bradley — 6 amp (not wa): 2 usec

BRADLEY SEMICONDUCTOR CORPORATION

Brand X — 1200 wa: 2 usec

Formerly Bradley Laborarories Inc.

275 WELTON STREET, NEW HAVEN 11, CONNECTICUT

CIRCLE NO. 23 READER SERVICE CARD
CIRCLE NO. 24 READER SERVICE CARD—-



BUILT TO MIL SPECS. ..

one Brush Monitor records
100 countdown operations
simultaneously!

OFER

ATIONS rONITO

Built to military specifications and performing to extremely rig-
orous military requirements, the Brush Operations Monitor can prevent
aborts and destructs costing millions of dollars.

For quick, accurate and immediately visible go and no-go information,
100 operations are recorded simultaneously on a 500’ moving chart only
12" wide. You have an immediate picture of an entire situation with each
event shown in a time relationship to all other events. It is now being
used for major check-out of propulsion systems, electrical test racks,
fault isolation programmers and launch control vehicles.

Brush is now in production on this Mil Operations Monitor and prompt
delivery can be made to your requirements. Phone or wire Brush for
complete information and application assistance.

WRITE FOR FREE BOOKLET.. . “Brush Operations Monitors for Supervisory
Analysis and Control.” Contains specifications and application data.
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Rugged reflectors
for quadruple-diversity
single - sideband tropc-
spheric scatter link are
part of DEW-line exten-
sion in northeast Canada
(inset). System is one of
first to use parametric
amplifiers in receivers

electronics
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New Microwave Systems
Using Low-Noise Devices

Packaged masers and parametric amplifiers are dominating new receiver

designs in microwave systems for military applications.

diode

Junction

mavars are boosting revival prospects of uhf television

By THOMAS MAGUIRE, Xcw Lngland Editor

SURGE IN APPLICATION of parametric amplifiers to
radar and communications systems has already begun.
Within the next year this is expected to be the dom-
inant feature of the military microwave business.

Virtually all new government contracts for mis-
sile acquisition radars, satellite-tracking radars and
tropo scatter communications systems incorporate
paramps, according to one industry source.

And the multifaceted microwave field hints another
surge, in radically different dimensions. Extensive
study of semiconductor diode paramps for tv tuners

~«—CIRCLE NO. 26 READER SERVICE CARD

suggests the possibility of a high-volume commercial
market, perhaps in less than five years. Trend to-
wards transistorization means solid-state tv’s, and
set manufacturers as well as tuner makers are look-
ing hard and long at low-noise junction diodes to
determine if they or their offshoots will provide the
answer to front-end problems, specifically in uhf.
Possibilities are all wrapped up in future of uhf, pros-
pects of its eventual revival (ELECTRONICS, May 15,
1959, p 30).

“If we had junction diode paramps 10 years ago,
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ubhf tv would be in extensive use today,” claims a
paramp enthusiast.

Says a tuner manufacturer: “We're negative about
paramps today, hopeful about the future. Working
with them at their present stage of development is
like working with a bucket of worms.”

But microwave amplification for tv was merely a
footnote when some 600 researchers met at Harvard
last month for the national symposium of the IRE’s
Professional Group on Microwave Theory and Tech-
niques.

Dominating the formai sessions and campus chats
were advances made in parametric amplifiers and
masers for large-scale communications systems, radar
and radio astronomy; packaging of masers; and the
state of the art in quantum-mechanical amplifiers in
general.

FUTURE OF MASERS—On masers, researchers’
opinions boil down to this: the standard maser will
eventually be the traveling-wave variety, offering
better gain stability, more bandwidth than the cavity
type. Optimum use of masers will be in radio
astronomy, where antenna is always pointing at a cold
sky; and in communications using passive satellites.
One of maser limitations is slow recovery time—~0.1
sec is best achieved so far in radar systems—Dbut ma-
terials research and other developments may lick this
problem.

On the parametric amplifier: the next year will see
widespread use in military communications, radar
systems; also in the coming year, amplification at X-
band will be generally achieved. Already reported is
a parametric amplifier operated at 11,000 mc, at Bell
Labs. Intensive research shows promise of improving
gain stability of paramps, one of the most elusive
problems to date,.

Ameng first large communications systems using
junction diode paramps is a one-hop single-sideband
tropo link for DEW-line extension under construction
at Cape Dyer in Northeast Canada and Thule, Green-
land, a jump of more than 600 miles. GE expects to
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FIG. 1—Test set-up for measurement of resonator Q by observing
envelope phase shift

Physicist connects circulator input on maser to be installed on
Horvard’s radio telescope for hydrogen-line studies

install the AN/FRC-47 system for teleprinter and
voice communication by December 1959. D. S. Ken-
nedy is building ruggedized reflectors, 135 feet high
and 120 feet wide, for the quadruple-diversity scatter
system. Prototype is in operation between Lincoln
Lab’s Millstone Hill, Mass., site and Sauratown
Mountain, N. C., 640 miles away. Tests on the proto-
type showed up-converter type paramp gave average
noise improvement of 2 db, with tuning over 100-mc
bandwith.

TUNABLE PACKAGED MASERS—X-band maser
built by Ewen-Knight Corp. for Lincoln Lab, and now
under test in a radar system, operates at signal fre-
quency of 9,300 me, pumps at 23-24 kme. Required
tunability range is 100 me, but it reportedly can be
tuned over a 400-mc range using single electrically-
driven tuning device and changing pump power. The
package has a fixed magnet. Stainless steel dewar
holds 15 liters of liquid helium, for 2 to 5 days of op-
eration. The power supply and control console can
be remoted. System uses Raytheon X-band circulator,
also a new low-temperature germanium microwave
switch developed at Lincoln Lab to protect the maser
from low-power leaks when the t-r tube is fired at the
time of pulse. Operation of switch depends on impact
ionization of impurities, same principle as in the new
low-temperature computer component, the cryosar
(ELECTRONICS, May 22, 1959, p 11).

L-band maser developed by Airborne Instruments
Laboratory provides a package for very-long-range
detection in military field application. AIL designed
a 4-port circulator for its maser, says the circulator
has only 0.3-db loss, and isolation greater than 20
db. Micrometer heads are used for independent tun-
ing of signal and pump frequency. AIL reports the
circulator maser system operates over 200-mc fre-
quency range at L-band. Circulator type determines
usable tuning range of system. The maser has been
operated over range from 850 to 2,000 mc, and AIL
says spanning of two octaves is attainable. Voltage-
gain bandwidth product of 37.5 mc was measured at
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1,750 me, with operating temperature of 1.5 K. At
4.2 K, product of 20 mc was measured. The package
is 38 inches wide, 6 ft at highest point. Liquid helium
supply of 2} liters can operate 16-18 hours, and a
relay-actuated light warns when refill is needed.

HYDROGEN-LINE MASER—Full system tests
begin this month at the Harvard Observatory’s
Agassiz Station on a 60-foot radio telescope equipped
with a maser for the 21-em wavelength band—the fre-
quency of emission from interstellar hydrogen. It is
believed to be the first L-band maser installed on a
radio telescope. The maser, developed in 1957 under
direction of Prof. Nicolaas Bloembergen, is installed
on the focus of the parabolic reflector. Incorporation
of a new Raytheon L-band circulator helped simplify
the system. Maser pumps at X-band, signal is at
1,420 mc. It uses a stainless steel dewar and 60-pound
permanent magnet, has a klystron for pump energy.
Dr. John V. Jelley of Harvard Observatory says re-
searchers have had it operating with 20-db gain and
2.5-mc bandwidth. Principal problem will be in get-
ting broader bandwidth. Although 2.5 mc is suitable
for much of the hydrogen-line radiation, extra-
galactic clusters (of great interest to radioastron-
omy) have wider lines. Weatherized maser package,
weighing 200 pounds, is mounted on focus of dish and
tilted at fixed 45 deg above horizon. Later, hydraulic
actuator will permit shift of maser mount angle.

RESONATOR BANDWIDTH MEASUREMENT—
Bandwidth of a high-Q microwave resonator can be
measured by observing the transmission phase shift
of the envelope of a signal with sine-wave modula-
tion." At the half-power frequencies of a single-tuned
resonator, the resistance is equal to the reactance;
the phase shift is therefore 45 deg. For a modulated
signal with the side-bands at the half-power fre-
quencies, the phase shift of each sideband is 45 deg
with respect to the carrier (in opposite directions).
This results in a 45-deg delay of the modulation.
For the measurement of small bandwidths, this
method relieves the requirements for oscillator stabil-
ity and precision frequency measurements, does not
depend on observing amplitude. Figure 1 shows the
test setup. Since the measurement depends only on
phase shift, it is not sensitive to amplitude variations

FIG. 2—Method of suppressing unwanted signals in waveguide by
use af ferrite slabs magnetized ta resanance
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Naval Research Lab’s 84-ft radio telescope at Riverside, Md., has
maser at focal point
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Engineers at Airborne Instruments Lab perform final tests on tunable
L-band maser before delivery to Department of Defense

of signal generators, detectors or amplifiers. In one
example of a resonant cavity, this technique was used
to measure a bandwidth of 40 ke at 800 me, indicating
that Q = 20,000. Accuracy in this case is estimated
to be within 3 percent, on the basis of setting the
phase shift to 45 =*+0.7 deg.

REDUCING WAVEGUIDE MICROPHONICS—
Weapons noise environments, particularly of jet air-
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craft and rockets, intensify the problem of micro-
phonics in waveguide. In c-w and pulse doppler radar
systems, extraction of doppler information from a
microwave signal must be done while eliminating
spurious signals in the doppler frequency band, since
degrading of system sensitivity results from such
spurious signals.

A study made at X-band shows that phase modu-
lation, of the microwave energy by acoustic effects
in the waveguide can be minimized by heavy walls
and damping materials.® In severe acoustical environ-
ments, both schemes may be necessary. Aquaplas was
found to be the most effective coating material tested
for waveguide.

Tests determined the acoustical resonant fre-
quencies of the transverse mode of a rectangular
waveguide both theoretically and experimentally,
Various samples of waveguide were excited by
acoustical energy from a tweeter placed about one
inch from the broad face of the specimens. Acoustical
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FIG. 3—Low power test setup for measuring effectiveness of spurious
frequency suppression

levels at the waveguide were found with use of a
sound level meter.

FERRITE PHASE SHIFTERS—Propagation of the
microwave energy in a slow-wave mode is proposed
as a new approach to the design of ferrite phase
shifters for S-band and lower frequencies." The
method decreases the physical length of a transmis-
sion line for a given phase delay by increasing the
phase shift per unit length. A reciprocal phase shifter
has been constructed in &-in. diameter coaxial line
which, when six inches long, gives a change of phase
shift of 360 degrees at 3,000 mc when the applied field
is varied over a range of 60 oersteds. An ordinary
i-in. coaxial line filled with the same ferrite would
have to be 40 inches long to give equal phase shift
for the same change of applied field.

A slow-wave structure can also be used as a non-
reciprocal phase shifter in coaxial line. If only half
the coaxial cross-section is loaded with the disk-
loaded-rod structure, a circulating r-f magnetic field
is generated. With thin slabs of ferrite placed at the
interface of the slow-wave structure and air, a differ-
ential phase shift of 180 degrees at 3,000 mc has been
obtained in a three-inch length of coaxial line.

The slow-wave reciprocal phase shifter is useful in
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low-frequency, high-speed electronic scanning sys-
tems, also as a high-speed switch in coaxial line, when
used in conjunction with 3-db hybrid junctions. Main
limitation is its inherently narrow band, which can
be partially overcome if programmed control currents
can be provided. The non-reciprocal phase shifter has
more bandwidth and can be used to construct broad-
band low-frequency circulators in coaxial line.

SUPPRESSING SPURIOUS SIGNALS—Generation
of spurious signals by the klystron or magnetron in
high power systems can cause high-power breakdown,
crystal burnout and interference with other micro-
wave systems. A specialized form of ferrite attenu-
ator is proposed to suppress harmonics and spurious
signals propagating in most rectangular waveguide
modes.' Unwanted signals are absorbed in ferrite
magnetized to resonance. The suppressors are essen-
entially tuned, low-pass filters. But they have the de-
sirable feature of providing absorptive rather than
reactive attenuation in the reject band.

Units can suppress unwanted signals from the
second through the fifth harmonic by at least 10 db,
while attenuating the fundamental frequencies by
less than 0.5 db.

Thin slabs of high-Curie-point ferrites are used,
mounted against the broad walls of the waveguide.
A liquid cooling system holds ferrite temperature as
uniform as possible for different levels of absorbed
power.

Permanent magnets are used to bias the ferrites.
The size of the magnets is closely related to wave-
guide height because the dimension establishes the
air gap across which the magnet must work. Wave-
guide height is reduced, as shown in Fig. 3, to 0.590
inch for the S-band unit and to 1.34 inches for L-band.
For these dimensions, a 124-pound magnet is needed
to generate the 6,600 gauss required for the S-band
unit. The L-band magnet produces 4,000 gauss,
weighs over 400 pounds.

To obtain the required low-pass filter character-
istics, the ferrites must be biased far enough above
resonance at the highest pass-band frequency to pro-
duce negligible loss at that frequency. They must be
biased at or near resonance at the reject-band fre-
quencies so that resonance absorption maintains a
certain required attenuation level. These require-
ments set the basic limits on the ferrite types and
variety which can be used in a filter of this type once
the bandwidth and selectivity are specified. Low-
power test apparatus setup is shown in Fig. 3.
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Complete bench setup for determination

of maximum frequency of oscillation

Close-up of coaxial setup shows transist

unt, feedthrough capacitors for emitter and

collector bias connections, and detector coupling

Determining Transistor
High-Frequency Limits

The most direct method of ascertaining the upper frequency limit of transistor

performance is by measurement of the maximum frequency of oscillation. A

technique which uses a coaxial element structure is described which extends’

the range of such measurements up to 1,000 me

By J. LINDMAYER and R. ZULEEG, sprague Electric Company, North Adams, Mass,

N RECENT YEARS, high-frequency

performance of transistors has
been extended by incorporation of
an impurity gradient into the base
layer. This gradient creates a
built-in field which causes drift of
the injected minority carriers in
the base, rather than the slower
diffusion which occurs when no
gradient is present. For germa-
nium graded base transistors, a
theoretical limit of high frequency
performance between 8,000 and
10,000 mc has been predicted." * Al-
though this ultimate frequency per-
formance has not yet been realized,
transistors operating at several
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hundred megacycles are commer-
cially available.

Frequency Limits

High-frequency performance of
a transistor is characterized by the
grounded-base and grounded-emit-
ter frequency cut-offs, called f., and
f.s, respectively, and in addition,
by the maximum frequency of oscil-
lation, f.... The latter is the fre-
quency at which the power gain
becomes unity. Measurement of
fuax is the most direct method for
ascertaining the upper frequency
limit of transistor operation.

The parameters f.., fo and [«

usually can be measured in the fre-
quency range below about 100 mc
with standard equipment.”** A
thorough discussion of the maxi-
mum frequency of oscillation and
the principle of measurement has
been given by Drouilhet.” However,
the circuit described is limited to
frequencies below 100-150 me. This
article will describe an equipment
which measures f,.. to 1,000 mec.

Gain-frequency Aspects

A transistor is a bilateral active
network. Therefore, the following
two theorems which apply to four-
pole active networks in general are
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FIG. 1—High-frequency equivalent circuit
for a transistor represented as a four-
pole tee network

valid for the unilateral power gain.’
Theorem 1 states that for a four-
pole network, the unilateral power
gain is independent of the method
of dividing the four terminals into
pairs corresponding to the sub-
scripts on the impedance param-
eters; for example, unilateral
power gains are equal for a tran-
sistor in grounded-emitter and
grounded-collector configurations.
Theorem 2 states that for oscilla-
tion to be possible, unilateral power
gain must be greater than or equal
to unity. The maximum frequency
of oscillation is therefore defined
as the frequency at which the uni-
lateral power gain is unity.

On the basis of the equivalent
circuit of Fig. 1 for a high-fre-
quency transistor, Angell> has
shown that unilateral power gain
U=ua,f./8r1/ C.f.Uis defined
as the gain of an active circuit
neutralized by a lossless network
so that the feedback impedance is
Zero.

For U = 1, this relationship de-
fines the maximum frequency of
oscillation in terms of the param-
eters of the equivalent circuit.
Hence, f,... — Vauf../8ry C. TO
verify this in practice, requires
careful measurements of f,,. These
measurements are complicated by
the excessive phase shift inherent
in graded base transistors at high
frequencies.

In this article, measurements of
the maximum frequency of oscilla-
tion and of the power gain as a
function of frequency are described.
When approaching the maximum
oscillation frequency, the unilateral
gain drops at a rate of 6 db/octave.’
This characteristic is also exhibited
by power gain measurements in the
circuit of Fig. 2.

The power gain G, of a transis-
tor, the ratio of power delivered to
the matched load and power applied
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to the transistor input is given by
the relation G, = 20 log,, (V.../V.)
+ 10 log, (r../R.). The first term
is the voltage drop measured in db
across output and input, and the
second term is a constant for each
transistor. The input impedance of
the transistor »;, is nearly ohmic
over a wide range above 40 me in
the grounded emitter configura-
tion.

The circuit for measuring power
gain is shown in Fig. 2. The resist-

e Vour
L
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FIG. 2—Sketch shows arrangement of co-
axial elements used for measuring f...
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FIG. 3—Basic arrangement for power gain
measurement at high frequencies

ance R, is used to determine »,, but
is shorted during the actual meas-
urement. The transistor input is
fed by a voltage generator of 1-ohm
internal resistance. In the output
circuit, a pi network matches R,
to the transistor output.”

Circuit

The circuit used to measure the
maximum frequency of oscillation
is shown in Fig. 3. This arrange-
ment uses a coaxially tuned quar-
ter-wave line. The terminals of the
line are shorted by adjustable pis-
tons. The measurement of f,.. is
performed by successively changing
the physical length of the line and
retuning the loosely coupled de-
tector instrument. Since the ampli-
tude of oscillation near f,.. falls
off 6 db/octave, it is possible with
the highly sensitive detector ar-
rangement to measure f,.. within

an error of = 5 percent.

Figure 4 shows a plot of electri-
cal length, A\/4 = 3 x 10"/4f,
against the physical length of the
coaxial line oscillator. Curve (A)
refers to a transistor with 4-cm
leads and (B) refers to a transistor
with leads shortened to 0.6 cm. It
can be seen that the electrical
length exceeds the physical length
in the lower frequency range by a
nearly constant amount. Such an
effect would be expected from the
presence of a capacitance at the
center of the line.” The measured
curves of Fig. 4 can be explained
over the entire frequency range by
a series combination of capacitance
and inductance, whereby s = A/4 —
(A/27) tan'[aNC,/ (A\le—47*L, C,) ]
where ! and ¢ are the inductance
and capacitance per unit length,
25 is the physical length measured
between pistons, A is the wave-
length, C, is the effective collector
capacitance and L, is the induct-
ance of transistor and mount.

Test Limitation

The theoretical frequency limita-
tion of the test arrangement is in-
dicated by the above equation since
at a certain high frequency the de-
nominator of the tan™ factor van-
ishes as M lc — 47 L, C = 0.

In practice, the physical length
of the coaxial line is limited by
geometrical considerations. The
corresponding frequency can be ob-
tained to a good approximation by
solving the above expression and
using frequency-independent values
for | and ¢. Hence, fi ;. ~ 1/27
VL,C.. Experimental values for
L, and C, have been found to be

FREQUENCY IN MC

ELECTRICAL LENGTH{A/4) IN CM

10 20 30 40 50
PHYSICAL LENGTH S IN CM

FIG. 4—Relation between electrical and
physical length of transmission line. (A)
is for 2N501 transistor with 4-cm leads,
V., = —15 v, . = 5 ma. Curve (B) is
for 2N502 with 0.6-cm leads, same operat-
ing parameters
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around 25 millixh and 1 puf respec-
tively, which yields f,im:. = 1,000
me.

Since C, is the effective collector
output capacitance (the space-
charge capacitance plus the diffu-
sion or storage capacitance plus
stray capacitance) of the transis-
tor, improvement of frequency
limit depends mainly on decreasing
the inductive part, L,. This could
be accomplished by giving the tran-
sistor the form of a coaxial ele-
ment matched to the concentric line,
A coaxial structure should remove
L, and also decrease C, to a certain
extent by eliminating stray capaci-
tance.

Radiation Loss

Since it is not possible to match
the transistor in its present form
to the line, it has been necessary
to deal with not only a non-uni-
formity, but radiation loss in the
center of the line as well. This
causes the Q of the line to differ
from the theoretical function (1)
plotted in Fig. 5. Points measured
with the arrangement shown in Fig.
3 are also plotted in Fig. 5. It is
seen that the Q decreases at higher
frequencies because radiation ef-
fects approach the theoretical slope
of line (2). With a coaxial mount,
this fall-off could be suppressed or
even avoided.

The Q of the transmission line
will cause a lower measured f,.,..
Near cut-off with a —6 db/octave
fall-off, the following expression
holds: f... (meas)/fm.-(act) =
1/(1 4+ 27 »./QR,), where R, is
the characteristic impedance of the
line. By inserting values of Q
from Fig. 5 into this equation, the
error in the measured f,.. is ob-
tained as a function of frequency.
For a line where B, = 50 ohms,
this relation is plotted in Fig. 6
(curve 3) assuming 7', = 50 ohms,
which is quite reasonable for
graded base transistors at higher
frequencies.

Curve 1 in the same figure re-
veals the excellent performance of
the ideal transmission line having
no radiation losses.

Results

Power gain of graded base tran-
sistors, measured in the circuit of
Fig. 2 at various frequencies, is
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plotted in Fig. 7. In the cut-off re-
gion, a 6 db/octave power gain de-
crease with frequency is closely fol-
lowed. By extrapolating this curve
to the frequency where power gain
is equal to zero db (unity power
gain), one obtains the maximum
frequency of oscillation. The extra-
polated values of f... are compared
in Fig. 8 with direct measurements
of the maximum frequency of oscil-

i0 100
FREQ IN MC

1,000 5,000

FIG. 5—Q of transmission line as a function
of frequency for ideal and actual lines

6 0B/0CTAVE

POWER GAIN IN DB

1
10 100
Fmax

FREQ IN MC

FIG. 7—Power gain characteristics of
three graded base transistors in the cut-
off region

lation performed with the circuit
of Fig. 3. The fact that the points
line up along the 45-deg axis con-
firms the validity of both measure-
ments.

Coaxial line elements have been
used to build measuring equipment
for determining f,... up to 1,000 me.
Present limitations of the test cir-
cuit are caused by the effective col-
lector output capacitance of the
transistor and the inductance of the
mount. Coaxial construction should
extend the frequency range.

The authors thank K. Lehovec
for helpful comments in writing

this paper and F. Stottle for wiring
the power-gain test set used in the
investigation.
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How to Reduce Errors in

Compensation technique eliminates the need for precise, high-gain isolation

amplifiers when linear potentiometers are used as precision voltage dividers

in analog computing circuits. Reduction of error by a factor of 100 is possible

By MARTIN KANNER,

Senior Engineer, Fairchild Graphic Equipment Division,
Fairchild Camera & Instrument Corp., Plainview, New York

HEN A LINEAR potentiometer
Wis used as a precision voltage
divider, the output should be an
accurate analog of the amount of
rotation. If the load impedance on
the wiper is sufficiently high, the
output voltage will be an accurate
measure of the input voltage multi-
plied by the amount of rotation.
But when the load is appreciable,
loading errors result and compen-
sation may be necessary.

A number of methods are used
for compensation. One scheme is
to wind a nonlinear resistance ele-
ment that will give a linear output
into a specified load. Another
method is to present the same load-
ing effect on two sources used in a
computer. Both methods are re-
strictive and are not always appli-
cable. A special nonlinear element,
for example, will give a linear out-
put for only one value of load re-
sistance. In the second case, it is
not always possible to provide volt-

MAN UAL

INPUT 1*,___ﬂ
| 1
ERROR
COMPUTER

3 - COMPENSATED
— OUTPUT Eq

FIG. 1—Loading error is computed and
used for compensation
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FIG. 2—Practical circuit for error p

age sources whose impedance will
vary in an identical manner.

The use of an isolation amplifier
with a high input impedance is a
more general solution. The design
of feedback amplifiers for precise
applications can be cumbersome
because of the high gain required.
A different technique is described
in this article.

Compensation Method

The compensation method is
shown in Fig. 1. Potentiometer R,
is set to the desired point. Resistor
R, is a loading resistor. The gain
of the error computer is also ad-
justed by the manual input. The
output of the computer is added to
the input to produce the corrected
output. While the technique ap-
pears more complicated than the

ing error 97 percent

use of an isolation amplifier, it has
several advantages and it is in-
herently not critical.

The desired output in Fig. 1 is
expressed as E, = XFE,, where E,
is the output, X is the amount of
potentiometer rotation and E, is the
input. Potentiometer rotation re-
fers to electrical rotation, not me-
chanical, and varies from zero to
1.00 corresponding to minimum and
maximum potentiometer resistance.
The output voltage that will ac-
tually appear across load resistor
R,is: E, = XEwa/(a + X — X%,
where @ = R./R,. The error is the
difference between E, and E,: E, =
XE(X — X)/(a + X — X?). 1t
is the purpose of the error computer
to develop the voltage E..

The complete circuit for the error
computer is shown in Fig. 2. Re-
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Loaded Potentiometers

sistor R, is used to load potentiom-
eter R,. The gain of a triode ampli-
fier with an unbypassed cathode
resistor is given by: G = R,/{ (R,
+ #,)/u + Rk (g + 1) /pn} where R,
is the plate load resistor, », is the
plate resistance, and Ry is the cath-
ode resistor. If p is large, the gain
(accurate to one or two percent)
can be represented by: G = R,/R:.

Plate load R, is the two parts of
KR,, in parallel. Cathode resistor
Ry is the two parts of KR,, in par-
allel plus KR.. For any given value
of rotation, X, the gain of the
error computer is: G = (X — X*)/
(¢ + X — X*). This is the amount
of gain required to reduce the com-
pensated output error to zero. The
output is: E, = E, + E. = XE..
The constant term K can be any
number and is selected to bring the
tube into its normal working re-
gion. For the circuit shown, K is
10. The output is taken from a
cathode follower for low impedance.

The circuit of Fig. 2 was used to
reduce a loading error of approxi-
mately 6.7 percent to 0.2 percent.
This is a reduction in loading error
of 97 percent.

The most significant difference
between the method described and
the use of isolation amplifiers is
that in using an isolation amplifier
some error must be introduced,
while the error computer operates
on the loading error and can only
improve the overall result. The

B+

MANUAL

INPYT I
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FIG. 3—Error compensation with tapped
potentiometers
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Technician obtaining test data on comp

practical limits to the use of the
computer is when the original load-
ing error is to be reduced by a
factor of up to 100. A loading error
reduction by a factor of 100 re-
quires a 1 percent computing aceu-
racy. Above this limit, the method
becomes too complicated.

The versatility of the method is
shown in Fig. 3 and 4. In Fig. 3
the computer method is used with
a center-tapped potentiometer. By
using center-tapped KR,’s we again
have exact compensation. An im-
portant application of the method
is shown in Fig. 4. In this case the
load has a capacitive component C.
This capacitance will normally come

MANUAL
INPUT

FIG. 4—Compensating for a resistance and
capacitance load

ion of a ded potentiometer

from cables in computers and servo-
systems and makes the design very
difficult. In servo systems this ca-
pacity generates quadrature vol-
tages which cannot be continuously

COMPENSATED
QUTPUT

FIG. 5—The general compensation cuse
using operational amplifiers

balanced out. These voltages will
either saturate the amplifiers in
comptuters or else make motors run
hot. The computer method continu-
ously balances out the quadrature
voltage components thereby elim-
inating both problems.

Relatively simple specific appli-
cations of the computer method
have so far been discussed. A more
general solution is to use an opera-
tional amplifier as shown in Fig. 5.
With this scheme, the bandwidth
is extended from d-c to the upper
frequency limit of the amplifiers.
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Long Wavelength Infrared

Cooling these detectors to very low temperatures reduces the internal

molecular and atomic thermal agitation to a minimum and allows the

desired spectral response to be obtained

By A. |. WEINSTEIN,

INVESTIGATION AND USE of the longer wavelength
portion of the infrared spectrum is being spurred
by increasing military and industrial applications
for infrared detection equipment.

Infrared detectors which work well at the longer
wavelengths must be cooled to obtain optimum oper-
ating characteristics. Some operate best when cooled
near —196 C; others in development require even
lower temperatures.

COOLANTS—A number of coolants are available.
Dry ice and acetone mixtures will produce tempera-
tures around —78 C, liquid nitrogen boils at —196 C.
Temperatures below —196 C are obtainable from
liquefied neon, —245.9 C; hydrogen, —252.7 C, and
helium, —268.9 C.

Using these coolants in the laboratory presents few
problems. Detectors may be mounted on the cooled
inner walls of a vacuum flask which provides a re-
frigerant reservoir. Flasks an inch in diameter and
two inches long will cool for a half hour, or longer
if the supply of refrigerant is maintained.

Aircraft and missile cooling systems, however,
must cope with problems arising out of environments,
uses and specifications for military systems. The
chief problems are outlined in Table I. Various
methods in use or in development are summarized
below and outlined in Table II.

METHODS IN USE—The miniature cryostat illus-
trated has finned metal tubing wound around a man-
drel and inserted in a close-fitting tube which forms
the inner wall of a vacuum flask. Nitrogen gas under
pressure flows through the finned tubing to an open-
ing near the back of the detector. The gas is cooled
by expansion and flows back over the coil, cooling
regeneratively, until liquid nitrogen is formed at the
opening. Reducing pressure over the liquefied gas
produces lower temperatures. Special designs precool
neon or hydrogen gas for liquefying in an adjoining
cryostat.

Storage tank weight and gas contaminants are
chief drawbacks of cryostats.

Gas pressure must be at least 1,200 psi. Pressure
falls below 1,200 psi in commercial type tanks when
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Table I-Military Infrared Cooling System
Design Problems

Accessibility: Detector assembly and infrared system

often are buried in maze of assemblies well inside an
aircraft or missile, yet must be cooled for extended
periods.

Size and Weight: For airborne use, cooling equipment
must be small and light to be compatible with rest of
infrared system.

Cooling Time: Cooling period may vary from several
minutes to several days, without refrigerant recharging.

Operating Conditions: Cooling system must operate
reliably at all altitudes, temperatures and positions
that aircraft or missile may encounter. Detector assem-
bly and connections must not affect gimbal operation
if infrared system has this type of mounting.

Logistics: All coolants must be obtainable and suitable
for transport and storage in any required location.
Logistics of liquid nitrogen are similar to those for
liquid oxygen. Both can be produced by same genera-
tor or plant; both have similar handling techniques,
but nitrogen is less hazardous.

half the gas is used. Tanks holding 220 cubic feet
weigh 150 pounds. Such tanks will cool many hours.
Some cryostats need only half a cubic foot an hour;
others require several times as much. Cooling periods
drop rapidly as tank size decreases. Contaminants
in the gas will freeze out and plug the cryostat orifice.
Large, heavy filters may be required. If the gas has
a dew point of —68 C or less, filter paths may be
reduced.

Liquid nitrogen converters limit these problems.
The liquid is stored in a pressure vessel. High-
pressure gas is produced by spontaneous or forced
evaporation. As contaminants are frozen out in the
liquid, only a small filter, or no filter, is needed.
Volume needed is one-fifth that of gas storage for
equal operating time.
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Detector Cooling Systems

Miniature cryostat, the size of a cigarette, turns nitrogen gas into
liquid nitrogen by regenerative cooling

In direct liquid nitrogen transfer systems, the
liquid is stored in an insulated flask. Low gas pres-
sure forces the liquid through a tube to the detector
area. Various cooling heads may be used. One sprays
droplets of liquid nitrogen on the detector’s back.
In another, the liquid flows into a heat exchanger
at the detector and leaves the system as a gas.

Direct contact cooling car be used where space
permits. The detector is mounted in a lightweight
vacuum flask which holds liquid nitrogen. Remote
filling, altitude and attitude problems are being in-
vestigated.

Modified cryostats produce dry ice from CO. gas.
The gas passes through a small coil and cools regen-
eratively. Flukes of dry ice are deposited at
the rear of the detector. Similar techniques with
such gases as Freon 13 relv on gas expansion

and phase change from gas to liquid for cooling.

Peltier-thermoelectric coolers show promise. Cool-
ers developed give a 30 C to 40 C temperature drop
from ambients of 20 C to 25 C. New junction mate-
rials may increase effectiveness.

IN DEVELOPMENT — Possible solution to gas
storage weight and contamination problems is closed
loop units with small liquid nitrogen compressors.
Contamination by compressor lubricants, gaskets and
flexible materials must be overcome. Piston lubri-
cants can plug cryostats. Bellows and diaphragm
compressors may avoid this.

Compression ratio is another closed loop system
problem. Increasing pressure at the cryostat’s cool-
ing end increases the liquid’s boiling point. Input
pressure to the compressor, therefore, must be min-
imized to maintain temperatures close to —196 C.

Expansion engines and gas liquefiers are opera-
tional and available in larger sizes. Both can cool
to below —196 C. Major development effort is min-
laturization. Ixpansion engines usually liquefy
helium. Compressing helium and causing it to lose
energy by doing work upon expansion, reduces its
temperature. Gas liquefiers employ expansion engines
to cool enclosed surfaces. Gas contacting the surfuce
cools until it condenses.

Miniaturized cooling systems composed of such
devices are expected to be recirculatory in nature,
operating with a single charge of coolant gas.

Table li—Typical Characteristics of Equipment for Cooling Long Wavelength Infrared Detectors

Cooling Syslem Temp

COOLING SYSTEMS IN USE———— —|

Power
(Approx) | Needed
|

T -
Availability | Weight | Reliability

of Cooling | (Approx)

| Ea
|

!
none | on demand® ; variesd depends on gas purity
none® | on demand° l varies$ | good

none* | on demand® | varies? l excellent

none* | continuous® | from 14 b | excellent

| for 6 hrs

none* | on demand® t variesd | depends on gas purity
none* | on demand® I varies! | good

2.5w | ondemand | 1to 51b | excellent
|

Cryostat, Stored Gas —-196 C |
Cryostat, Liquid Converters —196 C ;
Liquid Nitrogen Transfer -196 C {
Direct Contact Liquid Nitrogen —196 C ‘
in Vacuum Flask

CO: Modified Cryostat —-78 C '
Freon 13 Modified Cryostat ;. —8C :
Peltier-Thermoelectric At 40 Ce |
MINIATURE. UNITS IN DEVEI.OPMEN’I‘f -
Cryostat with Compressor —196 C

in Closed Loop
Expansion Engine —269 C

Gas Liquefier —269 C !

| —
500 w | ondemand | 10 to 20 |b [ depends on contamination,

tight system, compressor life

|
100 w ‘ on demand I 10 to 20 1b | {depends on operation of
|

| equipment and ability to
on demand | 15 to 20 b '

200 w l retain charge

(a) May need small source of pawer to remotely activate cooler (b) Based on storage-capacity (c) Storage container is
filled prior to use of equipment {d) Depends on storage container and running time required (e). From an ambient of 52 C
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Oscillator Design Using

Reverse-biased p-n junction diode is used as variable capacitor in design of

linear frequency sweep generator. Output waveform is a sinusoid of high

purity. Frequency is swept from 400 to 600 kc electronically.

markers are provided

Frequency

By M. MICHAEL BRADY, Research Engineer, Norwegian Defense Research Establishment, Bergen, Norway

THE CONFIGURATION of an r-f
signal generator whose output
is a linear frequency sweep may take
different forms for different operat-
ing frequencies. At microwave fre-
quencies broad sweep widths may
be obtained by using a backward-
wave oscillator or a voltage-tuned
magnetron. In the uhf region, where
the sweep width is small compared
to the center operating frequency,
reactance-tube modulators may be
used. At lower radio frequencies it
has been necessary to reactance-
tube modulate a h-f oscillator and
beat it against a constant-frequency
oscillator to form a beat-frequency
oscillator. If purity of output wave-
shape is desired, then the beat-fre-
quency oscillator presents a prob-
lem in filtering, as the actual oscil-
lator operating frequencies must be
eliminated from the usable gener-
ator output. For this reason, 1-f
sweep oscillators often have been
designed using a mechanical drive
to a variable element of an oscilla-
tor resonant circuit. Electro me-
chanical systems, however, present
their own problems and a complete-
ly electronic system is usually pref-
erable,

There are two uses of the junc-
tion diode that provide methods of
controlling the reactance, and thus
the resonant frequency, of a reson-
ant circuit. One is a switch diode
so biased that it switches a fixed
reactance in parallel with the main
resonant circuit during a portion of
every cycle’ and the other uses the
voltage-dependent reactive proper-
ties of a reverse-biased junction di-
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SWITCH ___
DIODE )

FIG. 1—Fund to! reoct -switch mod-
vlotor (A) and cycle of operation (B)

ode directly as a frequency-deter-
mining element in the resonant cir-
cuit.?

Reactance-Switching

A practical circuit for reactance-
switching frequency control is
shown in Fig. 1A% Resonant circuit
L, and C, has a frequency of w,.
Inductor L, is switched across the
resonant circuit during a portion of
each cycle determined by the voltage
difference between the resonant cir-
cuit voltage E, and the controlling
voltage E.. Capacitor C, is a bypass
at the operating frequency while
resistor R, is the load for the con-
trolling signal.

The instantaneous resonant fre-
quency of the circuit can be deter-
mined by considering the effect of
the change in the circuit’s resonant
frequency due to the change in the
equivalent parallel reactance pre-
sented. The effective mechanism of
the circuit is shown in Fig. 1B.

From zero to time t,, the resonant
frequency is w,. From ¢, to ¢, induc-
tor L, has been switched in parallel
with L, and the resonant frequency
of the circuit is thus changed. From
t. to t, the resonant frequency is
again w,. Thus, over a number of
cycles, the resonant frequency
changes as a function of the control
potential E..

Reverse-Biased P-N Junction

The normal capacitance of a p-n
junction becomes a function of the
potential difference across the junc-
tion when a reverse bias is applied.
This effect is observed in almost any
junction diode, but is most promi-
nent in diodes specifically designed
to serve as voltage-variable capac-
itors.*

The effective capacitance pre-
sented by a reverse-biased p-n junc-
tion can be expressed as C = k/\/V

+ V, where C is the capacitance in

SWEEP
VOLTS
GEN

VOLTAGE
CONTROL
0sc

SWEEP VOLTS OuT
out

MARKER
CIRCUIT

FIG. 2—Output filter of sweep generator
sharply attenvates frequencies above and
below sweep frequency band
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Voltage-Variable Capacitors
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FIG. 3—Oscillator circuit (V) shows how reverse-biased p-n junction voltage-variable capacitor is used to generate a variable-frequency out-
put. Plate voltage of squarer Vi must be regulated

farads, V is the applied bias poten-
tial in volts, V, is the contact poten-
tial across the junction in volts and
k is a constant compromising the
electrical properties and physical
dimensions of the junction. The res-
onant frequency of a parallel LC cir-
cuit consisting of an inductance L,
and capacitances C, and C in paral-
lel may be written as: o = [l + C/
Co] % where w, is the resonant fre-
quency of the L,-C, circuit alone.
Combining the two equations and

expanding in a binomial series
gives:
w/wo=1—k/200 NV + Vo + 3k2/8C

(V+Vo) —5i3/16C3(V+ Vo)*i2+

Within the range where the ratio
of C to C, is large such that «,>>w,
the first two terms of the series
dominate and the resonant fre-
quency of the circuit may be consid-
ered to be a linear function of the

ELECTRONICS - AUGUST 21, 1959

square-root of the reverse bias ap-
plied to the p-n junction. The third-
and higher-order terms in the series
will cause » to asymptotically ap-
proach w, for large values of the re-
verse bias V. The design criterion
for a sweep oscillator is that V be
sufficiently small and the ratio of
C to C, be sufficiently large as to
insure that the third- and higher-
order terms in the series are neg-
ligible.

Sweep Generator

A Dblock diagram of the sweep
generator is shown in Fig, 2. The
sweep voltage generator feeds two
cathode followers; one provides a
sweep-voltage output and the other
drives the diode-squaring circuit.
The output of the diode-squaring
circuit is a squared sawtooth, which
is then amplified and applied to the
p-n junction in the resonant circuit

of an r-f oscillator., The 400-600 ke
swept-frequency output of the oscil-
lator is amplified and filtered to give
a 6-w, 150-ohm output with high
purity of waveform. A small por-
tion of the output of one r-f ampli-
fier stage is used to drive a cali-
brated-marker circuit. The complete
schematic diagram is shown in
Fig. 3.

The Sweep-Voltage Generator

The sweep-voltage generator is a
combination of a highly unsym-
metrical astable multivibrator V,
driving pentode-switched RC saw-
tooth generator V,. Switch S, selects
the proper coupling capacitors in
the multivibrator and the proper
charging capacitors in the sweep
generator to give sweep frequencies
of 40, 80 and 120 cps. These par-
ticular sweep frequencies were se-
lected to avoid interference from
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the 50-cycle line frequency used.
The output of the sweep-voltage
generator is fed through cathode
follower V, to provide a sweep-volt-
age output of 0 to 25 v,

Squaring Circuit

The squaring circuit uses five
diodes. The effective cathode re-
sistance seen by the cathode-fol-
lower driver V., is dependent on
the number of diodes that are in a
conducting state. The conduction
point for the diodes is determined
by their respective biases which are
set by series resistors and adjust-
ing potentiometers R, through R,
The fundamental operation of the
squaring circuit is illustrated in
Fig. 4. 1deally, five sections should
provide an approximation to a
square-law curve that is accurate
to within 1 percent®. The normal
drive to the squaring circuit used
in Fig. 3 is a sawtooth of 20 v peak,
and the bias potentials on diodes D,
through D, are 4, 8, 12, 16 and 20 v
referred to the junction of R, and
R..

Sweep Oscillator

The output of the squaring cir-
cuit is amplified by V.. The nega-
tive-going signal is clamped to
ground by diode D, and applied to
voltage-variable capacitor D, of os-
cillator V,. Because the capacitance
of D, is large compared to that of
C,, and because L, is fixed in value,
the resonant frequency of the oscil-
lator is determined mainly by the
capacitance of D.. Voltage divider
potentiometer R, provides a d-c bias
to D; such that the center frequency
of the oscillator can be controlled.

The output of the oscillator is
coupled through a bandpass filter to

i —
1 €R° £ [ [
R R R
=L 57
"3 b
- (A)

amplifier V,. The output of V, is
coupled through an identical band-
pass filter to second amplifier V..
The output of V, drives final power-
amplifier V.. The amplifiers and
their associated bandpass filters
provide an output from V, (into a
resistive load) that is constant over
the 400- to 600-kc band. The band-
pass filters have a greater attenua-
tion at 600 ke than at 400 ke, be-
cause the output amplitude of the
oscillator increases with increasing
frequency.

In the application for which this
sweep generator was designed, it
is imperative that the output be a
pure sinusoid. The interstage band-

FILTER

UNDER

suB-
TRACTION

INTENSITY MARKER

SWEEP VOLTAGE

FIG. 5—When the oscilloscope sweep is
calibrated in frequency, the characteristics
of the filter under test may be observed

pass filters have very high attenua-
tions for frequencies higher and
lower than the operating frequency
band, and the output filter follow-
ing V, is designed with a Tscheby-
scheff response such that frequen-
cies above and below the sweep-fre-
quency band are sharply attenuated.

Marker

If an oscilloscope is swept with
the sweep-voltage output, then its

. |

0 £ 3 £3 Eq
(B)

¢

FIG. 4—Fundamental squaring circuit (A) and its operation (B) to produce e,—ki—k’e”

40

horizontal deflection can be directly
calibrated in frequency by using
the marker output to intensity mod-
ulate the beam.

Capacitor C, couples a portion of
the V, output to the pentode section
of V., which is a calibrated single-
tuned transformer-coupled r-f volt-
age amplifier. The output of the
pentode section of V, is coupled
through its cathode-follower-con-
nected triode section to provide iso-
lation and to drive the Schmitt trig-
ger V,. The output of V, is a posi-
tive-going rectangle which is differ-
entiated and negative limited to
provide a positive-going pulse as a
marker output. The time constant
of the differentiator is controlled
by marker width control potenti-
ometer R,.

Performance

The use of the sweep generator
in filter testing is shown in Fig. 5.
In this application, filters with
ratios of passband-to-stopband
transmission of about 70 db have
been successfully tested. The 3 db
variation in the generator output
over the sweep band is canceled in
a subtraction circuit, although it is
relatively unimportant in view of
the large attenuations involved in
the test filters.

If the output of the generator
must be constant over the swept-
frequency band, then the generator
output filter can be redesigned to
have less attenuation in the stop-
band and a smoother characteristic
in the passband.

The output Tschebyscheff filter
was designed to work into 150
ohms, and was constructed using
slug-tuned coil forms and fixed and
variable capacitors.

Transformer T, is wound on a
ferrite cup-type core with a 200-
turn primary and a 400-turn sec-
ondary of No. 36 wire.
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FIG. 1~Triple bandpass filter and equiva-
lent circuits

How to Design
Bandpass Triples
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Complex problem gets a thorough treatment. Equations are presented in

terms of fundamental parameters and an example is worked out. Cascading

for very wide bandpass is practical and a design method is included

By RONALD B. HIRSCH, instruments for Industry, Inc. Hicksville. New York

RIPLE-TUNED bandpass filters
Tare used between stages and at
the output and input of i-f strips,
mixers and r-f amplifiers. They
provide impedance transformation
over wide bandwidths as well as
giving selectivity in the desired
band. Using these filters, skirt
selectivity equal to that of a crystal
filter can be obtained.

Bandpass Triples

By analyzing the transfer im-
pedance of a simple low-pass filter,
and applying a frequency transfor-
mation to the expression, a band-
pass filter with three poles can be
defined (Fig. 1A).
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In many applications it is neces-
sary to provide an impedance trans-
formation between input and out-
put. The circuits in Fig. 1B and
C indicate the method of placing
ideal transformers in the circuit,
and then simplifying the circuit by
replacing the ideal transformers
with their equivalent circuits. In
Fig. 1C the transformers have been
replaced by their pi equivalents.

The expressions for solving the
network of Fig. 1A are: C. =
1/2a6SR,; C, = C. K; C. = CiA;
L, = 1/C(aw)’[($*+8/4)/2] =
l/w.,EC;;; L, = l/w,,"!C,; L, = l/w‘,"'C._..
Constants K, 4 and S are defined
in the design box.

The filter of Fig. 1 has an input
impedance which is essentially the
termination R,. The variation in
input impedance is a function of
the ripple designed for in the trans-
fer function. The solution for the
network of Fig. 1A assumes a con-
stant current source and loading
only at the output end. When this
filter is fed from a matched voltage
source the ripple will be reduced to
approximately 3 and the skirt selec-
tivity will be reduced somewhat.
Also, less power will be available
at the output. The results of
loading both ends should be kept
in mind.

By regrouping, combining and
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assigning new symbols, Fig. 1C can
be presented in the form shown in
Fig. 2A. The design equations
listed in the design box refer to
Fig. 1 and 2.

Figure 2B is another represen-
tation of the basic bandpass filter.
The circuit has transformers in the
most common configuration; a pri-
mary, a secondary and a mutual ele-
ment tying primary and secondary
together. By using capacitive mu-
tual for one transformer and in-
ductive mutual for the other, geo-
metric symmetry is provided and
the use of the circuit is not limited
to narrow bandwidths as are most
commonly used devices.

Impedances Z,, Z, and Z, repre-
sent the impedance levels of the
various tank circuits. The removal
of all mutual coupling in Fig. 2B,
and replacement with circuit ele-
ments gives Fig. 2A.

The frequency response of the
bandpass triple is shown in Fig.
2 C.

Inspection of Fig. 1 and 2 and

Table |-Tabulation of S and K
valves for various ripples

Ripple(db) S K

0.0035 2.00 2.68
0.014 1.50 2.50
0.089 1.00 2.14
0.250 0.77 1.89
0.500 0.63 1.69
1.000 0.49 1.49
1.500 0.42 1.38
2.000 0.37 1.30

|

the design equations will show that
where R, is greater than R, ¢, must
be greater than 1; and when R is
greater than R, ¢. must be greater
than 1. In this analysis, neither
¢, nor ¢, can be less than 1. Further,
when striving for maximum trans-
formation, either ¢, or ¢, must equal
1, depending on the direction of
transformation. For realizable cir-
cuit values, it is often necessary to
make both ¢, and ¢. greater than 1.
Further, ¢,n.: and ¢.... are values
which cannot be exceeded without
producing negative components.

In the design of broadband am-
plifiers, as in other devices, the
source of many problems is that
parameter which exists everywhere
—capacitance. If a vacuum tube
had zero input and output capaci-
tance, the gain-bandwidth product
would approach infinity. For nar-
row bandwidth circuits, the C is
merely tuned out and an appropri-
ate R is used as a load. As the
bandwidth broadens, however, the
R necessary to maintain a reason-
able response over the entire band
becomes smaller and smaller. This
reduces gain and, in the plate of a
vacuum tube, lower available power
as well.

Inductance Values

The question of whether a cer-
tain coil or capaciter can be used
often arises. Determination of this
fact can be made quite easily.

A coil is too large if its self-
resonant frequency is close to the
band of interest. For almost any
single layer coil, the distributed

Circuit Constants
. fo=7vf
2, a = (f —fl)/fa

[_“"Sh '(‘)}

6

A B
l Ce l Le
E:TC9EL9 Ls ICS Lg
=(R)
Lu% }Cl Czll; SLz La% }3 %

Z 2, =(B)

3. & = sinh

=5

w - = -

Igi% NN TRiPPLE
zOo

l"‘d."z t !

=3z F, F,

FREQUENCY IN CPs
(c)

FIG. 2—Circuit used in conjunction with
design box (A), triple-tuned bandpass
transformer circuit (B) and frequency re-
sponse of filters (C)
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TRIPLE-TUNED FILTER DESIGN

4, = (382 + ")/(;S2 H
5. A = a?($2 + 3)/2
6. R/Ry = (¢2/1)?

Circuit Elements

7. R =1/2AwS8C;s or Cs = 1/2AwSk
8. Le = 1/(Aw)*CsK¢o[(S? + 2)/2]

9. Cs = CsKA(d2/1)?1(1 — 1)

10. Cs CsKA(¢2/¢1)*¢1 = Cs/ (¢ — 1)
11, Cy = CsK(¢2/ 1)1 +A(1 — ¢1)]
12. Ly = 1/(8w)*Csgo(e2 —
KIS + 12
= Le¢/(¢ — 1)
13. Ly = 1/w*CsK (¢2/ ¢1)?
14. Ls =

15. ¢amez = 1 + 1/AK
16. ¢inaz =1+ 1/4
17a. ¢ =—Cgl\¢22A/2CQ +
CquSzzA Cgl\¢z
50, (1+A)

17h. b1 ——ClA /209 +

Y v Gara

where C, = CsK4>2

l/w.,’Ca[l/+ AK(1 — ¢)]

Resonant Frequencies
18. fr(of CoLe) = fo/VN1 + A(1 — ¢1)

e -y(2)(521)

20. £, (of CsLe) = foN1 + AR(1 — ¢o)
21. fr (of CsLe) = foVéi/¢2

Nodal Resonances

22. fa (with 8 and € grounded)

/Y1 + A
23. fg (with A and (' grounded) =f,
24. f¢ (with A and B grounded) =

SNTFAR

Losses

25. Inscrtion loss per sect,lon (voltage)
= (Qu — Qu)/Qu

26. Inscrtion loss per n sectlons (db) =

20 log (‘Q“T‘)

Symbols

fi = lower end of bandpass desired
Jf» = upper end of bandpass desired
fo = geometric center frequency of
bandpass desired
resonant frequency
ratio bandwidth
ripple factor
ripple in nepers
(1 neper = 8.68 db)
R = terminating resistance
R, = resistance seen looking into
triple, when properly termi-
nated with R
¢, ¢2 = turns ratio used in ideal trans-
formers when evolving the final
configuration
Q. = unloaded @ of a section
Q. = loaded @ of a section
n = number of sections

v
o
S

€
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| - How CDF Di-Clad’

| can solve your

printed-circuit
problems

The CDF line of copper-clad laminates in all grades
is now known by a new name—Di-Clad. Di-Clad
grades meet the varying needs of design, production,
and operation of electronic equipment. Grades other
than those described are also available.

Di-Clad 2350. An economy paper-base phenolic grade
having good tensile, flexural, compressive, and
impact strength. Adequate for most non-critical
printed circuit applications. Can be cold punched and
sheared up to 5/64 of an inch in thickness.

Di-Clad 112T. A Teflon* glass-fabric laminate offer-
ing the best dielectric properties over a wide tem-
perature and frequency range.

Send us your requirements and let our engineers
help you select the right grade for your application.

i *Du Pont trademark for its tetrafluoroethylene resin.

R ST = === = - < )

High strength-to-weight ratie. This printed wiring board for a phase failure c 0 N T I N EN TAI-' D I A MUN D FI BRE

relay (manufactured by Phase-Guard Co., Carnegie, Pa., and distributed by

Stradiey Engineering Co., Pittsburgh) was designed with CDF Di-Clad 28E A SUBSIDIARY OF THE —/8mafi/- COMPANY « NEWARK 16, DEL,
(epaxy resin laminated with medium weave glass cloth) for high mechanical .
strength, very low moisture-absorotion, and good insulation resistance. In Canada: 46 Hollinger Road, Toronto 16, Ont.
Details upon request.
TYPICAL Di-Clad PROPERTY VALUES
| Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 1127 1
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) | Teflon*
 BOND STRENGTH—0.0014" foil (Ibs, read. 61010 61010 610 10 8012 | 4108
to separate 1’/ width of feil from laminate) [
MAXIMUM CONTINUOUS OPERATING 120 120 120 150 | 200
TEMPERATURE (Deg. C.)
e — - _— —
DIELECTRIC STRENGTH (Maximum voltage 800 900 850 650 700
per mil for 1/16" thickness)
INSULATION RESISTANCE (Meg)hms 96 500 150,000 600,000 100,000 75,000
hes. at 35°C. & 90% RH (ASTM D257, Fig. 3) |
DIELECTRIC CONSTANT 10¢ Cycles 4.5 4.0 3.6 4.9 ! 2.6
DISSIPATION FACTOR 10¢ Cycles 0.040 0.026 0.027 0.019 i 0.0015
ARC-RESISTANCE (Seconds) 5 10 10 130 | 180
TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 ' 23,000
FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 | 70,000 | 13,000
1ZOD IMPACT STRENGTH edgewise 0.80 0.45 0.42 12.0 6.0
(ft. 1bs. per inch of notch)
COMPRESSIVE STRENGTH flatwise (psi.) 32,000 28,000 25,000 62,000 ! 20,000
BASE MATERIAL OF LAMINATE Paper Paper Paper Medium-weave, [ Fine-weave,
medium-weight medium-weight
glass cloth glass cloth
COLOR OF UNCLAD LAMINATE Natural Natural Natural Natural Natural
greenish l
All these standard grades are available with 0.0014"" and 0.0028"" or thicker electrolytic or rolled copper foil on one or both
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order.

*Du Pont Trademark
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capacitance can be assumed to be 1
wuf. A rough rule of thumb is: if
selfresonance is one octave above
the highest frequency of interest,
the coil is usable but allowances
must be made. At two octaves above,
self-resonance should cause no
problems.

A coll is too small if it cannot
bhe made or tuned. A 1-in. length
of wire has an inductance of ap-
proximately 0.02 xh. Thus a coil
of 0.003 xh that must span a 1-inch
gap is not realizable. A practical
lower limit for coils is 0.02 uh. Spe-
cial cases will allow smaller coils
but they must be considered on an
individual basis.

Usable Capacitors

If its self-resonant frequency is
close to the band of interest, the
capacitor is too big to use. Here.
self-resonance is of the series va-
riety, due to series-lead length. If
there is a coil in series with the ca-
pacitor, an adjustment may be
made to compensate for the lead
length of the capacitor.

Series-lead length produces a
lower impedance (because of ap-
proaching series resonance) and
causes C to appear larger. In spe-
cial cases, where recognized, al-
lowances may be made for the ap-
parent increase in C, and acceptable
performance can be obtained.

A capacitor is too small if its
value approaches the point where
strays overpower it. For example,
a coupling capacitor of 0.01 uuf
would be almost impossible to ob-
tain, as free space coupling would
be greater than this. Values as low
as 0.3 puf are possible; 1 or 2 uuf
is a more acceptable minimum.

Design Procedure

The general design problem is to
place a bandpass triple between an
input and output load. The input
and output may be either resistive
or capacitive. The method of solu-
tion will be outlined for connecting
a line to a line; R and R, given.

For all cases, first solve for f,, a,
S, K, and A as given in the design
box. Table I can be used to find S
and K.

From Eq. 6, set the appropriate
¢ = 1 and solve for the other.
Neither ¢, nor ¢, can be smaller than
one. Solve Eq. 7 through 14 for
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FIG. 3—Transmission from a 90-ohm line
to 10-uuf grid (A); from a 10-uuf plate
to a 90-ohm line (B)

circuit elements. If unrealizable
values are found, ¢, and ¢, can be
changed but the ratio ¢,/¢. must
be kept the same and neither ¢, nor
¢, can exceed their maximum value.

When too many values in a design
are fixed, the S factor or the band-
width may be changed. The reso-
nance equations listed in the design
box are aids to calculation and
checking.

Sample Problems

Problem: Design a filter with the
following properties: f, = 65.5 mc;
fi = 55 me. Design from a 90-ohm
line (R,) to a grid of 10 uuf(C)
and use S=1.

Solution: First establish all nec-
essary constants. The easiest ap-
proach is to set ¢, = 1. But calcu-
lations of L, shows it to be self-
resonant at 77 mec. Therefore, L,
is set to 1 uh and the other com-
ponents calculated accordingly. The

IMPEDANCE LEVEL HERE IS R(¢|/¢})*
(B)

FIG. 4—Cascaded triples with high-im-
pedance output (A); and low-impedance
output (B)

final circuit is shown in Fig. 3A.
Figure 3B shows the circuit for
reverse transmission. Since R, will
be greater than R, ¢, will be larger
than ¢.. The first choice would be
to set . = 1. However, L, would
then equal 1.45 gh. This is above
the arbitrary limit of 1 gxh used in
the first problem.

Setting L, = 1.0 uxh, ¢. is 1.45
(Eq. 8). Using this new value of
¢. the problem is solved as indi-
cated.

Cascading Triples

At very large percentage band-
widths, such as Af/f, = 2, the
amount of transformation available
becomes small, as ¢up. = 1 + 1/
AK, $pimax = 1 + 1/4 and A is large.
To obtain an increase in available
transformation ratios, triples may
be cascaded in Fig. 4.

In Fig. 4A, with R, greater than
R,, filter number 1 is designed in a
conventional manner, using ¢, = 1
and ¢, =¢.n.x. Filter number 2 can
be designed with a negative L.,
equal to the positive L, of filter 1.
Setting L’. negative allows the use
of ¢’. greater than ¢.,... (Prime
components refer to filter 2.) To de-
termine the value of ¢’,, set L, from
filter 1 equal to —L, from triple 2.
Equating Egs. 13 and 14, and since
R.C’s = R.C,, an expression for ¢
can be derived: ¢. = ¢, + 1/A.
Also, ¢’ = ¢ + 1/A and so on.

When R, is greater than R,, as
in Fig. 4B, triple 2 is designed first
with ¢, = 1 and ¢, = ¢ mee. Now,
C, is eliminated by making C, of
triple 1 equal to —C, of triple 2.
In Fig 4B, by referring prime com-
ponents to triple 1 and equating C,
to minus CY, the expression ¢’ ...
equals ¢, ... + 1/AK is found.

In designing cascaded triples,
work must start at the high im-
pedance end first. The maximum
values of ¢. and ¢, normally are:
¢ =1+ 1/AK and ¢, = 1 + 1/A.
At very large bandwidths, these
values do not allow a substantial
transformation. By cascading two
triples, these maximums may be ex-
ceeded by allowing a C or an L to
go negative at the node where the
units are joined, and cancel a posi-
tive C or L of the adjoining triple.

Since we are striving for maxi-
mum transformations, the appro-
priate ¢ should be kept at 1.
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Only three seconds each...
permanent, solderless connections

TIME TO TALK TIME-SAVING

Gardner-Denver believes there’s no
substitute for men-—it has been our phi-
losophy of growth for 100 years. Your
Gardner-Denver air tool specialist has
helped many uncover ways to speed the
production pace . . . lower costs. He's a
good man to know.

=

Fnce185°

f&% -

Switchboards . . . TV chassis . . . whatever your application, wrap
up w1rmg jobs fast. Use the solderless wrapping method —proved
superior by over a billion connections without a reject.

In only three seconds you make a solderless, metal-to-metal
electrical cannection that’s lastingly secure . . . one that conquers
vibration failure and fights corrosion.

And it’s all so easy and inexpensive with a lightweight, fast-
acting Gardner-Denver ** Wire- Wrap”® tool. Even an inexperi-
enced operator becomes an expert in no time. But see for yourself

. look at these profit-building benefits:
Greuter production. Only three seconds total time per solderless con-
nection. Actual connecting time, 1y second.
Lower production costs. You eliminate the expense of precise process
control required by other methods.
Reduced labor costs. More conmections per operator, with less fa-
tigue. No faulty connections that require expensive hand repair
work.
Higher quality. Mechanically strong connections electrically stable—
proved most reliable in the industry.

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

GARDNER DENVER

Gardner-Denver Company, Quincy, lllinois

In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario
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RESEARCH AND DEVELOPMENT

Timer Allows Warmup Interval

By RONALD L. IVES, Palo Alto, Calif.

CONVENTIONAL TIMERS, consisting
of electric clock motor, gear reduc-
tion, setting clutch and switch, turn
on electronic equipment after a
predetermined time delay quite sat-
isfactorily. However, they do not
hold the equipment inactive during
warmup time and have no provi-
sion for suppressing warmup in-
stability common to many types of
electronic equipment.

Special delayed action cycling
timers to perform such functions
are commercially available, but are
usually costly, complicated and diffi-
cult to maintain. Similar fault can
be found with the combination of
a delayed action timer, thermal time
delay and relay.

Construction

By adding a cam, switch and two
coils to a conventional delayed-ac-
tion timer, the modified single unit
can turn on the equipment at a fixed
time before operation is scheduled,
hold the equipment inactive until
the initial warmup instability has
died out and then start it in full
stable operation.

Warmup interval is determined
by dephasing the two cams, as in-

Computer Pre-Input System

dicated in Fig. 1. Warmup interval
is the same regardless of timer de-
lay. For smooth operation, the two
cams were mounted on a shaft ex-
tension, flexibly coupled to the clock
drive, and the extension was sup-
ported on panel bearings.

Coil modification, to increase
clock drive torque and provide an
integral generator of hold-off volt-
age, is shown in the photograph.
The added clock drive coil and core

\ 3| _CAM DEPHASING ANGLE
\‘/KI,

REAR

CAM

FRONT SWITCH CAM
CAM FOLLOWER

FIG. 1—Cams provide warmup time equal
to dephasing angle divided by 360 muliti-
plied by time of one shaft revolution

Transacter system gets final inspection at Stromberg Time Corp. factory prior to installation
at U.S. Naval Gun Factory, Washington, D.C. Units in foreground gather and instantly
transmit information to Compiler (two in background), where it is recorded on punched

tape for use of other data-pr
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FRONT CAM SWITCH
(OPERATES FIRST)

REAR CAM SWITCH
(OPERATES SECOND)

[

cLock
= MOTOR
=
SERIES ;
30 HOLD- OFF
STAGE GRID coiL
RETURN
LOAD |100K

8- OF LOAD

FIG. 2—Hold-off voltage permits warmup
to continue until second cam switch closes

pieces were salvaged from inopera-
tive clocks of the same manufac-
turer. Spare coils are generally
plentiful, since the clock motors
fail after about five years of con-
tinuous duty, whereas the -coils
seem to last considerably longer.

The center coil, which provides
hold-off voltage, is a small a-c/d-c
receiver choke and provides about
50 volts at no load when the clock
is running. Clock drive coils are
connected in parallel electrically,
and in series aiding, magnetically.
Hum is removed from the coil and
core assembly by insulating varnish.

Operating connections for the
clock circuit are shown in Fig. 2.
Several alternative circuits can be
used to perform additional func-
tions, if desired.

Operation

In operation, the clock is set for
the desired delay. Setting the clock
automatically closes the front cam
switch, energizing the clock, and
opens the rear cam switch, so that
the equipment does not operate. The
hold-off voltage generator works
continuously while the clock is run-
ning.

After the interval for which the
timer was set has elapsed, less
warmup time, the rear cam switch
closes, energizing the equipment.
Because the hold-off voltage gener-
ator is functioning, the equipment
will not operate but warms up and
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FVOLTAGE
REGULATED

POWER Model SC-32-2.5

SUPPLIES 0.01% "stisiiny

DC DC
IOUTPUT |OUTPUT
MODEL VOLTS  AMPS.

SC-32-05 | 032 005
SC-32-1 | 032 | 0l

SC-32-1.5 | 032 015

——— 2SC-32-1.5 | 032 0-1.5
0.1 0 Rggkléﬂ_lrgru DUALOUTPUT | 032 | 0-1.5
SC-32-25 032 | 025

pc | bpc
'OUTPUT OUTPUT SC-32-5 032 | 05

RMCDE R RVOTE SR NE Y the mOSt SC-32-10 032 0.10

:gt::'.?ﬁ ] _g'ig. 3‘1’5- l t sC-32-15 032 015
mne onowo COMplele ews e
SC-18-4 018 04 ; R

, . I f 25C-100-0.2 0100 002
SC-36-05 036 005 INne 0 DUALOUTPUT | 0100 | 0:0.2

SC-36-1 0-36 01 SC-150-1 | 0-150 | 0-
§C-362 | 036 02 SC-300-1 | 0300 | 01
$C-3672-0.5 3672 | 005 d ’

szt w2 o1 S|PPLIES
Benco

offers more than

120 standard voltage
regulated power supplies
covering a wide range

of transistor, tube

and magnetic types.

07 REGULATION
0-02 0 STABILITY
COMPACT PACKAGE TYPE

DC DC
OUTPUT OUTPUT
MODEL VOLTS AMPS,

PSC- 5-2 0-75 2
PSC-10-2 75125
PSC-15-2 125-17.5
PSC-20-2 |17.5-22.5
PSC-28-1 |22.5-32.5
PSC-38-1 |32.5-42.5

For complete specifications,
write for Brochure B-591

_— =N NN

131-38 SANFORD AVENUE - FLUSHING 55, N.Y. « INDEPENDENCE 1-7000
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IS CONSTANT VOLTAGE
POSSIBLE IN THESE
CHANGING TIMES?

..+.Basically, the problem is a classical
one of semantics. Higher minds than ours
have pondered this question for centuries.

As a practical exercise, let us examine
the case of voltage regulation refer-
ence source in the power supply circuit
shown above. This passive network cor-
rects input voltage changes of more than
*15% of rated outputs and controls them
to within *%%...a feature that is highly
important in keeping storage batteries
alive longer.

The point is that constancy is a relative
term understood only against a background
of change. The answer then to the initial
question is "yes"...constant voltage is

possible.

You can get the about voltage

regulators from the higher minds at
Raytheon by writing to:

VOLTAGE REGULATOR MAN

Raytheon Company

Magnetic Components Department
Section 6120

Waltham 54, Massachusetts

Exce”ence in Electronics

—

@
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Rear view of modified time delay show
clock coils and choke

stabilizes.

After the lapse of an additional
short time interval, the warmup
time, the front cam switch opens,
stopping the clock and removing the
hold-off veltage. The equipment op-
erates until turned off externally.

A timer of this type is desirable
for use with recording equipment,
which requires a finite warmup in-
terval after equipment turnon be-
fore it functions properly. It is
economically desirable whenever a
single observation must be taken at
an odd hour, as its use can eliminate
one observer shift in many in-
stances.

Experience with timers of this
general type indicates a service life
in excess of 40,000 hours.

New Technique for
Electronic Scanning

PURE electronic scanning for a
fixed array usually involves a trav-
eling-wave tube or a ferrite phase
shifter. With these methods, phase
of the signal is controlled at each
radiating element.

The Electromagnetic Radiation
Laboratory of the Air Force Cam-
bridge Research Center has devel-
oped and tested a new method for
steering a radiated beam elec-
tronically by a linear array that
only requires a single control of
phase. The method uses principles
of periodically loaded lines and is
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made possible by a new component
called a Varactor.

The Varactor, recently placed on
the market, is a silicon junction
diode. It is presently of interest as
the variable reactance part of low-
noise amplifiers. However, the low
losses and variable-capacitance
properties of the high-frequency
device open up new areas of an-
tenna applications.

Scanning Technique

In the new electronically scanned
antenna, Varactors are spaced in a
row along a strip of transmission
line. Distance between Varactors
may range from an inch to several
feet, depending on antenna operat-
ing frequency.

A bias voltage is applied to the
transmission line to control load-
ing. As bias voltage is changed,
velocity of propagation is varied
along the transmission line and a
progress phase shift is applied to
radiating dipoles coupled to the
stripline. The phase shift changes
the direction of the radiated beam.
To date, scan angles of =20 deg
have been measured with an ex-
perimental antenna.

The technique, developed by A.
Schell, is said to be much simpler
than previous electronic scanning
methods and may result in cheaper
methods of pure electronic beam
shifting.

Double-Plot Display

Strain in vibrating beam is plotted against
time in upper waveform at same time as
beam strain is plotted against acceleration
of beam by DuMont dual-beam oscilloscope
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Corles Perkins, Chief of Flight Conirol Systems
Honeywell Aeronautical Division

66 I need analytical, systems,

component engineers to
work in flight control systems 99

“Our team at Honeywell introduced the first suceessful electronic auto-
pilot in 1941—the C-1 of Worid War II fame. Since, we have produced
more flight control systems than any other company and have devel-
oped concepts in flight control that are now standard in this field.
Today, most top aircraft and missiles are equipped with Honeywell
flight controls. Our group has expanded steadily and now we need
additional engineers.

“I'm looking for analytical engineers capable of simulating (mathe-
matically on paper or computers) characteristics and problems in
missiles and aircralt control, stability, and control systems. These men
have good math backgrounds with znalog computer experience.

“Systems engineers for our group should be capable of interpret-
ing analytical results into navigation, guidance, or flight control sys-
tems. They should be electrical engineers experienced in systems—
ideally, with experience in flight control in the aviation industry.

“Components engineers should be electronics men with emphasis
on transistor circuitry. These are the men responsible for designing com-
ponents which go into the system. Must have circuitry design experience.

“If you fit one of these categories, I'd like to hear from you. Just
drop a line including pertinent information on your background,
interests, and accomplishments to my Technical Director, Mr. Bruce
D. Wood. He will arrange a meeting—to answer your questions about
Minneapolis-Honeywell —to discuss your plans and the possibility of
a career with Honeywell.”
HMINNEAPOLIS ll
AERONAUTICAL DIVISION M

1433 Stinson Bivd., N.E., Minneapolis 13, Mim.
facilities in_the Boston area, Philadelphia area, Los Angeles area, Minneapolis,
Seattle, St. Petersburg, Chicago and Freeport, Illinois. Denver and the Washington,
D.C. area. Send resumé to H. D. Eckstrom, Dept. 8491, Director of Employment,

Write: Bruce D. Wood, Technical Director, Dept. 8498.
Fine opportunities also exist in other Honeywell development and manufacturing
Minneapolis Honeywell, Minneapolis 8, Minnesota,
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COMPONENTS AND MATERIALS

Advantages of Using Coiled Waveguide

By H. S. JONES and H. K. MORLOCK, Diamond Ordnance IFuze Labs, Washington, D. C.

RIGID WAVEGUIDE and various types
of coaxial transmission ]ines have
been used extensively in micro-
wave work to simulate free space
distances and time delay. Until re-
cently most of these delay lines have
been a labyrinth of waveguide con-
structed from extremely long wave-
guide sections. The so-called pack-
aged units that are used in test
consoles or depot testers are not
only bulky structures, but are also
inadequate in terms of electrical
performance. One method used to
simulate a delay line is to suspend
long lengths of waveguide joined by
waveguide elbows or bends from
the ceiling or wall. Another com-
mon technique is to wind the wave-
guide in a helix around a form of
fairly large diameter.

Coiled Waveguide

A unique method of packaging
waveguide in a compact form was
developed at the Diamond Ordnance
Fuze Labs." Aluminum X-band
waveguide, 0.3 x 1.0-in., OD, was
selected primarily to reduce size and
weight.

The individual coiled waveguide
is essentially a 40-ft section of
straight waveguide wound around

o 20
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FIG. 1—Distribution of insertion loss values
for 40 coiled waveguide sections

Fabrication

. . . details for these waveguide coils,
including plans of the bending equip-
ment, were reported in an earlier DOFL
report (ELECTRONICS, p 88, Oct. 24,
1959). This article is a further report,
giving additional information on the
electrical characteristics of the coils over
a frequency range of 9,000 to 10,000
mc. Additional DOFL reports are also
referenced,
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FIG. 2—Frequency in kmc plotted against vswr. Maximum and minimum deviation is given
for 40 individual coiled waveguide sections, (A), and for coiled waveguide assemblies, (B)

Nineteen-coil waveguide assembly

an eight-inch diameter disc in the
E-plane. It was found that this
method of fabrication improved the
voltage standing-wave ratio, offered
greater reliability and consistency
in electrical performance, and a re-
duction of weight and size.

By properly locating the flexible
steel mandrel (the internal support
to walls while bending) in the
guide, controlling winding speed,

avoiding entry of metal filings, and
improving on the flushing tech-
niques, very good electrical results
were observed. The use of a water-
soluble lubricant to facilitate bend-
ing and removing the mandrel
substantially improved insertion
loss characteristics because it could
be easily flushed from the guide.

Test Measurements

The reflectometer test system
was used to determine the reflec-
tion coefficients and insertion losses
over a frequency range from 9,000
to 10,000 mc. The reflection coeffi-
cient values were converted to
vswr’s and plotted as a function
of frequency. The other measuring
scheme made use of a technique de-
veloped at DOFL.?

Distribution of insertion Jloss
values of coiled waveguides, meas-
ured at 9,375 mc are given in Fig.
1. Figure 2A gives maximum and
minimum deviation in vswr as a
function of frequency for 40 in-
dividual waveguide sections, Fig-
ure 2B plots vswr vs frequency for
a 6- and 19-section assembly.

A variety of waveguide bends
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TO MEASURE POwER

This microwave bench set-up is for the measurement of power by the Self-
Balancing Bolometer Bridge method. Other systems, including PRD’s more
accurate Calorimetric Instrumentation could have been shown, but the
Bridge represents the most universally used technique.

The operating procedure is quite simple. First adjust the PRD 650-B
Universal Power Bridge for the thermistor or bolometer available. Next tune
and match the transmission line for a minimum VSWR indicated on the
PRD 277-A Standing Wave Amplifier. Then record the reading of the PRD
650-B Self-Balancing Bridge (directly in milliwatts) and you're ready for
your next microwave measurement.

Easy, isn’t it? Even more important it's accurate. The PRD 650-B
Bridge has guaranteed accuracy of =59% full scale. The use of the PRD
303-A Slide Screw Tuner eiiminates the slightest mismatch of the 643
Thermistor Mount. The importance of fine matching can best be shown by
example: a mismatch VSWR of only 1.2 wouid result in a power error of 1%.

The precision and ease of operation of all the products shown in this
example are typical of each of over 300 microwave test instruments cur-
rently produced by PRD, the company that's FIRST IN MICROWAVES...
our cable address is MICROWAVE, New York, U.S.A.

For technical details and specifications covering products shown write:

» 4
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TEST INSTRUMENTS USED
IN THIS X-BAND POWER BENCH

1—703 Shielded Tube Mount, catalog page F-8
2—809 Klystron Power Supply, catalog page F-10
3—303-A Slide Screw Tuner, catalog page B-14
4—1203 Isolator, catalog page A-21

5--159-A Level Set Attenuator, catalog page A-17
6—535 Frequency Meter, catalog page D-12
7—203-D Slotted Section, vatalog page B-11
8--250-A Broadband Prohe, catalog page B-12
9--277-A Standing Wave Amplifier, catalog page E-7
10—303-A Slide Screw Tuner, catalog page 8-14
11—643 Broadband Thermistor Mount, catalog page E-9
12—650-B Universal Power Bridge, catalog page E-13

MICROWAVE ENGINEERS-SCIENTISTS
Pos®ions offering stimulating challenges with
unlimited potential are now open at PRD. Please
address all inguiries to Mr. A. E. Spruck, PRD,

202 Tillary Street, Brosklyn 1, New York.

[ Polytechnic Research and Development Co., Inc.

202 Tillary Street, Brooklyn 1, New York. Teiephone: ULster 2-680D
West Coast Office: 2639 So. La Cienega Blvd., Los Angeles 34, Caiifornia. Telephone: TExas 0-1940

Special problems in attenuation and other related measurements? Contact our Applications Engineering Department.
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MISSILE
ENGINEERS

Please forward

resume to:

Mr. W.F.O'Melia
Employment Manager
Raytheon Company
Bedford, Massachusetts
or call collect:
CRestview 4-7100
Extension 2138

Inauguration of a new weapons sys-
tems program at Raytheon hascreated
exceptionally rewarding openings for
Junior and Senior engineers with mis-
sile experience in the following areas:

Microwave design—
component and antenna

Aerodynamics

Communications systems

Digital programming

Guidance systems

Radome design

Computer systems

Heat transfer

Radar systems

Inertial reference systems

Feed-back control

Auto-pilot

Ground support

Electronic packaging

Radar systems—project management

Electromechanical engineering back-
ground in missile control and auto-
pilot design—project management

Mechanical engineering background
in ground handling of large missile
systems—project management

Living and working in the suburban
Boston area offers many advantages.
Relocation assistance and liberal
benefits.

M/SS/LE
SYSTEMS
D/VIS/ION

—p—
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Bends and adapters used in conjunction
with coiled waveguide assemblies

and adapters have been developed
for the assembly of coiled sections.
The most common configurations
are the 180-deg. E and H-plane
i-in. radius bends and the S-type
bend shown in the photographs. Al-
though difficult to form, these
adapters have good electrical char-
acteristics when fabricated prop-
erly. Vswr measurements taken
on these components did not exceed
1.09 and in most cases stayed below
1.06 from 9,000 to 10,000 mc.

Another technique for connect-
ing coils utilized 180-deg. zero
radius bends which can be used in
either E- or H-plane.*

REFERENCES

(1) R. R. Palmisano and A. Sherman,
Coiled  Waveguide Delay Line, DOFL,
;I‘echnica] Report No. TR-511, Sept. 20,

9517,

(2) H. A. Conklin, Jr. and H. 3. Bruns,
A Simple Short Pulse Radar Reflectom-
eter, DOFL _ Technical Report No. TR-
S8, Nov. 135, 1956,

(3) H. W. Jones and RR. T. Smithea.
A Study of Waveguide-Band Designs and
their Fabrication Techniques, DOFIL, Tech-
nical Report No. TR-406, Nov. 14, 1456,

(4) H. 8. Jonex and K. L. Hakes, Micro-
wave Component Development, DOFL
’ll‘echnical Report No. TR-520, Oct. 18,
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Copper-Clad Laminates
For Printed Circuits

A GLASS-EPOXY copper-clad lami-
nate, GEC-500, recommended and
supplied by Taylor Fibre Co., Nor-
ristown, Penn., replaced a paper-
base phenolic resin copper-clad
laminate first used in the Athena,
computer for the Titan missile.

It was found that the latter lami-
nate did not have the dimensional
stability or moisture resistance to
meet the military specifications,
MIL-P-18177TA GEE, of the com-
puter application and that there
were too many imperfections in the
copper surface.
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Made with rolled copper instead
of electrolytic copper, the laminate
does not come in contact with lead,
thus eliminating the possibility of
lead inclusions. Electrolytic copper
is made by depositing on a lead
drum.

The rolled copper is bonded to
the base laminate by a special proc-
ess that assures high Dbond
strength, even under high tempera-
tures, humidity and mechanical
stress. These laminates can be con-
verted to printed circuits by any of
the conventional methods.

Basic Module

A sealed chassis, the basic module
of the Titan computer, is a her-
metically sealed package which pro-
tects the circuitry from environ-
mental hazards. In assembling the
chassis, two circuit boards are
mounted on a connector which is
then placed in a metal container.
The container, after being pres-
surized with dry nitrogen and
helium, is sealed, protecting the
circuitry and simplifying mainte-
nance.

One of the most significant single com-
ponent developments in building of the
computer for the Titan was the use of a
sealed chassis. A glass-epoxy copper-clad
laminate was chosen for the circvit board
material

The computer contains 1,185 of
these sealed units with 25,000 re-
sistors, 35,000 diodes and 10,000
transistors. Overall reliability of
the computer, which contains 100,-
000 parts, is 99.8 percent.

The Remington Rand computer
records the life history of each com-
ponent that goes into its own con-
struction on punched cards, per-
mitting operational defects to be
traced rapidly.

ELECTRONICS - AUGUST 21, 1959

how to take
) the temperature
of

Solutions to temperature-measurement problems are not so elusive once an
Arnoux high-level-output temperature-measurement system (TME) is
installed. The multichannel, solid-state TME, a complete package, is versatile
in application, flexible in use. TME features range selection, expandable
temperature span, recalibration in seconds...direct high-level-voltage read-
out...dc amplifiers are completely unnecessary; result: low, low cost per
channel...total range from —320F to +1000F...available in airborne or
ground versions. ARNOUX CORPORATION

11924 W. Washington Blvd. » Los Angeles 66, Calif.

ARNOUX

PHONETICALLY, SAY ARE/NEW

TEMPERATURE-MEASUREMENT
SYSTEMS

CIRCLE NO. 53 READER SERVICE CARD 53



PRODUCTION TECHNIQUES

Dip Solder Metal Radio Chassis

DIpP-SOLDERING, adapted to hand-
wired radio chassis by means of
special tube socket terminals, saves
production time and permits smaller
chassis to be used. The method is
currently used by Packard Bell
Electronics, home products divi-
sion, Los Angeles, Calif., in produc-
tion of 4-tube and B5-tube table
radios.

The firm reports the process saves
approximately 20 percent in wiring
time, 60 percent in soldering time
and improves solder joint quality.
The chassis used are half the size
of previous chassis, because it is
not necessary to allow room be-
tween terminals for soldering iron
tips, pliers and fingers.

The terminals (Fig. 1) are made
for the firm by a jobber, at about
the same cost as conventional ones,
Instead of holes for the ends of
connecting wires, they have slots
into which uninsulated wire is
laid.

The slots have a narrow opening
to prevent the wire from slipping
out of place. To further prevent
slipping, the wire is warped around
the prongs. A 270-degree turn is
used wherever possible.

Component leads are used for
connections whenever possible. For
remaining connections, a continu-
ous length of wire is wound from
terminal to terminal. The operator
uses a hollow wire holder, about
the size and shape of a nut pick,
through which the wire is threaded.
She rapidly weaves this back and

ON 0.375 D1A

8 CONTACTS
PIN CIRCLE

0.025 —| e
] P
— s i
! ry
3 CENTER =
8 SHIELD
CONTACT

FIG. 1—Tube socket terminal design
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Chassis at lower left is in flux bath. The other chassis is on the cam-eperated jig which
lowers terminal tips and wire connections into solder bath

Assembler uses hollow tube tool to weave
wire through slots in tube socket terminals

forth frem terminal to terminal.
After wiring is in place, the
chassis is dipped into a flux bath
to wet terminal tips. A cam-oper-
ated jig then dips the terminal tips
and wire connections into a solder
pot (500 F) for 2.5 seconds.
Sections of wires not required by
the cireuit are then clipped oft by

After soldering, unwanted sections of wire
are clipped away

hand with cutters.

The method requires that the un-
insulated wires not touch each
other, but this has not caused any
major design problems. Quality is
improved by uniform fluxing and
soldering. The smaller chassis used
costs some 60 percent less than pre-
vious hand-wired chassis.

Classifies Semiconductor Dice

VACUUM FEED STOP and electronic
classification are used in a semi-
conductor dice gaging system devel-
oped by Airborne Instrument Lab-
oratory division of Cutler-Hammer,
Inc., Minecla, N. Y. The system will
automatically gage dice or wafers

at speeds up to 3,600 an hour.
Operation is illustrated in Fig.
1. Dice are delivered by a vibratory
hopper to a linear feeder. They
move in single file to a set of vac-
uum holes. If 2 dice ride piggyback,
the outer die drops into a track
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Yes, Magnavox is a leading company...
not only in television and high fidelity but
in the Government and Industrial Division
too. Our new modern facilities in Cham-
paign-Urbana, lilinois, represent a young
but extremely productive organization.
Within 3 months we are expanding over
100%. We can offer digital, communica-
tions and packaging design engineers un-
limited opportunities with permanent posi-
tions on our growing staff.

(5 IDGE

a leading company

W&

‘"!Champaign-Urbana A Fine Place To Live
and Work'' say Magnavox Engineers . . .
Here's why ...

Excellent Public School System for Children
and Teenagers ¢ Home of the University of
lllinois with its Highly Rated Electronics
Engineering School, Big Ten Sporting
Events, and fine Campus ¢ Minimum Com-

muting Time from Home to the Office,

Low Cost of Living e Magnavox Assistance
Toward Advanced Education.

/f you are a Design Engineer in the Digital, Communications or Packaging Fields,
please write Mr. D. M. Ormiston today. You'll be glad you did.

THE MAGNAVOX COMPANY ¢« URBANA, ILLINOIS

ELECTRONICS - AUGUST 21, 1959
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your avionic

TESTING
PROBLEMS

SOLVED!

-

L¥ . L4

Radome Boresight Error
The CTl Radame Boresight-Error Measuring System
satisfies  MIL-R-7705A({ASG), including type I
radomes. Boresight error is automatically recorded
directly in milliradians with an accuracy of 0.1
milliradian. Percent transmission ond antenna
potterns with or without the radome ore also
plotted. Available from S thraugh K bands and
infrared. Model 150C for manopulse and conicat
scan, Mode! 150B for bombing-type and ather
shaped-beam radors.

Flight and Altitude Simulation

Three-Axis Flight Simulator reproduces roll, pitch,
ond yow positions, velacities, and accelerations
for accurate analysis of flight control systems
and inertial guidance platforms in the loboratory.
Dynamic Altitude Simulator [not shown) produces
0-to-10-cps altitude fluctuations through range
of £700 feet ot levels up to 80,000 feet.

Quality Control and Ground Support

Only outomatic testing can assure the' reliobility
of electronic equipment where time, manpower,
or-accurocy is critical. Used for pre-flight, main-
tenonce, and production tests, CTl devices locate
faults and incipient failures in seconds. Model
180 Tape-Programmed Supertester for circuits and
systems; Model 165 Cable Tester for wiring har-
nesses; custom equipment to your requirements.
Werite for full information

Engineers: Career opportunities are available at CTI

CALIFORNIA
TECHNICAL
INDUSTRIES

DIVISION OF TEXTRON INC
BELMONT ;. CALIFORNIA

Foremost in Automatic Testing
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| TO VACUUM PUMP

FIG. 1—Basic parts of gaging and sorting mechanism. Vibratory fee

TO ROTARY SEGREGATOR

ROTARY
FEEDER —

DOUBLE
DICE
RETURN

TRANSFER
SLIDE

J

der, gravity, cam-

operated slide and air blew are used to move dice

which carries it back to the hopper.

As the first wafer passes the
photocell, the vacuum is applied to
the following dice to prevent them
from moving. The first die falls
into a chute and is transferred to
the gaging anvil. It is gaged to
0.00005 inch and classified into
thickness increments.

The gage information is trans-
mitted from a control unit to a
13-grade rotary segregator. The
proper segregation vial is lined up
under the gage exit and the gaged
die is transferred into the vial. The

Bench setup of gager and electronic

equipment

system then resets for the next die.

The gaging equipment consists of
Microtrol Type 160 gage head, com-
parator and 2 classifiers.

Rods Help Add New Connections

Plastic rods are inserted in plug connector
(Burndy PD35M-1)

NEW circuits can be added to plug
connectors after potting by plug-
ging the unused holes with plastic
rods before potting. When engi-
neering design revisions require
new connections, the rods are
pulled out, leaving clean plug holes.

The technique is used by Lock-
heed Missiles & Space Division,
Sunnyvale, Calif., in Polaris test
vehicles.

Adding new circuits to a con-
nector was previously prevented
by hardened potting compound. De-

Pliers are used to free rod from potted
connector

New circuit is added after plastic rod is
removed from connector

veloped by Howard Estes, super-
visor in modification and fabrica-
tion, the method is saving an
estimated $2,500 per vehicle.
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Electronics companies make the

Electronics Buyers’ Guide

_—and Reference Issue
*ﬁs accurate, complete, authentic...
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For nineteen years, firms in the clectronics industry have made direct contributions
to the accuracy, completeness and authenticity of the BUYERS GUIDE

Recently, the staff of the BUYERS® GUIDE decided to award plaques to express
appreciation 1o those in the industry who had made direct contributions to improve
the product listings. The photograph above represents a few of the awards that
have been made.

The awarding of the plaques is but onc indication of how the BUYERS GUIDE
evolved over the years. .. a cooperative cffort between the publication and the
industry it serves.

Only through years of cxperience can a buyers’ guide reflect the neceds of an
industry as complex and dynamic as clectronics .. . one more reason why the
BUYERS GUIDE is the ONE accepted product and data book in the field.

Published mid-year as the 53rd issue of electronics

A McGRAW-HILL PUBLICATION
330 WEST 42ND STREET, NEW YORK 36, N.Y.
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On The Market

Servo Ratiometer
accurate unit

GIANNINI CONTROLS CORP., 918 E.
Green St., Pasadena 1, Calif. Model
SR-1 servo ratiometer eliminates
many of the basic and intermediate
set-up steps for inspecting poten-
tiometric devices. It combines ease
of operation and simplicity of de-
sign to cut inspection time literally,

BDH Indicator
for TACAN, VOR

JOHN OSTER MFG. Co., 1 Main St.,
Racine, Wisc. Type 9813-02 (ID-
663/u) provides, on a single indi-
cator face, information on two
relative bearings, distance and mag-
netic heading. It is designed for

in half. This testing unit is a pre-
cision voltage divider which can in-
spect the operation of any com-
ponent or syvstem whose output can
be expressed as the ratio of an out-
put voltage to an exciting voltage.
Overall accuracy of the unit, includ-
ing linearity, hysteresis, and re-
peatability error, is #=0.001 voltage
ratio.

CIRCLE NO. 200 READER SERVICE CARD

TACAN, VOR and other naviga-
tional systems. When used with an
Oster coupler, the unit replaces ID-
307 indicator, ID-310 indicator and
compass in a TACAN system. Op-
erating temperature range is —55 C
to 471 C, weight only 2.6 Ib and a-c
power input 15 va.

CIRCLE NO. 201 READER SERVICE CARD

longer service. The attenuators
can handle up to 10 w of power and
are designed to dissipate this power

Coax Attenuators
can handle 10 w

WEINSCHEL ~ENGINEERING, 10503  without any appreciable change in
Metropolitan Ave., Kensington, Md. characteristics. Frequency range
New features of model 10 fixed is d-¢ to 1,000 mc; attenuation

coaxial attenuators are bilateral
matching, tlack anodized aluminum
body for greater heat dissipation
and stainless steel connectors for

range, 1 to 10 db; impedance, 50

ohms; maximum input vswr, 1.15,

bilateral; connectors, type N.
CIRCLE NO. 202 READER SERVICE CARD

Z-Angle Meter
compact, portable

ACTON LABORATORIES, INC., 533
Main St.. Attleboro, Mass. Type
310-B features direct readings of
impedance (ohms), phase angle
(degrees), dissipation factor (D),
and storage coefficient (Q). Fre-
quency range is 30 ecps to 40 ke.

Miniature Relay

highly sensitive

ComAr ELECTRIC Co., 3349 W. Ad-
dison St., Chicago 18, Il1l. Type TQA
is a sturdy relay intended for d-c
operation at sensitivities from 20
to 100 mw, Where shock and vibra-

58

There are internal 60 and 400 cps
test signals. Measurements can
be made of impedances from 0.5
to 100,000 ohms over the fre-
quency range. Uses include meas-
urements of amplifiers, electro-
acoustic transducers, transmission
lines, filters, indicating meters and
transformers.

CIRCLE NO. 203 READER SERVICE CARD

tion are negligible, sensitivity of
15 mw per pole is available. Con-
tact assemblies forms A, B or C,
up to a total of 18 springs. Contact
rating with resistive load at 28 v
d-c, or 115 v a-c: silver contacts,
3 amperes; palladium or gold alloy,
0.5 ampere. Contact life: 100,000

AUGUST 21. 1959 - ELECTRONICS



ganizations and services.

and Reference lIssue

a McGraw-Hill Publication
330 West 42nd Street
New York 36, New York

Advance

VALUABLE 64 PAGE

Automatic
] Electric

REFERENCE SECTION | [ocbs

Collins
Q I t o Electronics
in electronics ————
BUYERS' GUIDE Elgin
Neomite
E.M.S.
Prepared especially by the 25-man edi- Guardian Electric
torial staif of electronics, this 64-page Kurman
.. . . Leach
section is designed tc assist the buyer by R:,:‘,,,
providing him with market data, elec- Monitor
. . . e . Philli
tronics applications, market distribution, co',,,','::,

market reports and books, indusiry or- Potter

& Brumfield

R-B-M
Div. Essex Wire

Struthers

electronics BUYERS’ GUIDE Dunn

Terado
And Others

Now...Buy

FACTORY PRICES
24 HOUR DELIVERY

from

RELAY SALES

Send for our Catalog C-9
Phone West Chicago 1100
TWX West Chicago, IIl, 3464-U
Write P. O. Box 186-A, West Chicago, Il
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Applications Unlimited!

with CAMBION" Electronic Components

. from prototype

. to product

Aa®
\,a

\\QQ\\\
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“Quality that Follows Through”

Here are electronic components you
can depend on to back up your new de-
sign ideas . . . help you to premsely cdu-
plicate prototype performance in hun-
dreds of thousands of production units.
CAMBION guaraniees you the identical
high quality component in production
lots that you get in small lots for re-
search and development.

CaMBION’s advanced engineering and
manufacturing facilities back that guar-
antee at every stage of production. All
CAMBION components are made from
certified materials. They’re given rigor-
ous electrical and mechanical tests,
carefully measured for dimensional ac-
curacy, subjected to severe environ-

mental tests. Superior products of to-
day’s finest quality control methods,
all CAMBION components meet or sur-
pass government specifications.

The following pages illustrate typical
components from the various broad
CAMBION lines. Available as standard
units, or custom-made to your specifica-
tions, they’re unconditionally quality-
guaranteed in lots of 1 or 1,000,000. For
smoother progress during development

. higher profits in production, choose
CAMBION components. Write for details.
Cambridge Thermionic Corporation,
437 Concord Avenue, Cambridge 38,
Massachusetts.

@ CAMBRIDGE THERMIONIC CORPORATION ,i,
AMBIOINES
{

The guaranteed electronic components
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“ELECTRICAL
COIL WINDINGS

e Encapsulated
Bobbin
Paper Interleave
Cotton Interweave
Form Wound
High Temperature

Send us your coil speci-
fications for quotation.

TRANSFORMERS MADE TO ORDER

THE DANO ELECTRIC

COMPANY

MAIN STREET * WINSTED, CONN.
CIRCLE NO. 83 READER SERVICE CARD |

operations,
temperature: —55 C. to 4100 C.
CIRCLE NO. 204 READER SERVICE CARD

Panel Meters
ultrasensitive

GREIBACH INSTRUMENTS CORP., 315
North Ave, New Rochelle, N. Y. A
new series cf ultraprecision current
and voltage panel meters combining
high sensitivities with extreme
overloads is available. The 700
series direct measurement instru-
ments are available in up to 23
ranges in cne model with full-scale
sensitivities to 0.20 pa. They fea-
ture extremely low resistance (2 mv
drop on the 1 pa range) with ability

minimum. Operating

to withstand overload surges of
100,000 percent. Overload protec-
tion of better than 1,000,000 per-
cer.. on all ranges is available on
special order.

CIRCLE NO. 205 READER SERVICE CARD
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Paper Tape Reader
bidirectional

TALLY REGISTER CORP., 5300 14th
Ave.,, N.W., Seattle 7, Wash. Model
424 is a self-contained bidirectional
asynchronous paper-tape reader de-
signed for any standard perforated
tape of 5, 6, 7 or 8 levels. It is avail-
able either panel mounted or as a
console unit. Speed range is for
any reading speed up to 60 charac-
ters per sec. Tape holes are sensed
by star wheel actuated contacts
which are spdt configuration.
CIRCLE NO. 206 READER SERVICE CARD

Guaranteed Quality on the Production Line

COILS AND CHOKES

Lorge family of stondard wound coils and chokes
covering o wide ronge of inductances minimizes
need for “specials”. Roted in preferential values
with colar coding. Wound on ceramic, paper
phenolic, or molded phenolic coil forms, All
windings varnish impregnated. Studs on ceramic
forms securely mounted by special CAMBION
process, Ten-coil development kit availoble with
overlopping ranges from 2 ph to 800 uh.
Custom-wound types also available to meet

For details write Cambridge Thermionic Corpora-
tion, 437 Concord Avenue, Cambridge 38, Mass.

specific needs in printed and conventional
circuits.
60 CIRCLE NO. 60 READER SERVICE CARD

COIL FORMS

Wide variety of compact, standard siug-tuned
types . .. a style to meet every requirement of
printed and conventional circuits. Horizontal ond
vertical models with forms of ceramic, paper
phenolic. Ceramic threaded-stud types available
with Perma-Torq™' positive-lock tuning. Shielded
types in single- and double-tuned models. All
types available wound to customer specifications,
Kit containing 3 each of 5 popular types of
CAMBION coil forms with silicone fiberglas
collars, Perma-Torq lock, and ring terminals.

-_—
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CAPACITORS

Subminiature units with aodvanced design tuning
that permits wide copacity ronges. Supplied
complete with single mounting studs and lock for
tuning element. Fixed stond-off types also avail-
able. All capocity elements epoxy-embedded
for maximum resistance to moisture.

SPECIFICATIONS
QQ-B-626a
. Grode L5A ... JAN-I-10
MIL-P-3115B
MIL-P-997

Brass ...
Ceramic . .
Paper Phenolic . . .
Silicone Fiberglas . ..

Plating:

Silver . . . QQ-S-365

Tin ... MIL-T-10727
Cadmium ... QQ-P-416
Nickel . . . QQ-N-290

AUGUST 21, 1959 « ELECTRONICS



Circuit Breaker
compact unit

Woob ELECTRIC CO., 244 Broad St.,
Lynn, Mass. The 2300 series com-
mercial model circuit breaker
weighs only 2! oz. It is said to
have performance characteristics

which would be considered out-
standing in breakers three times
the size. It has push-pull button
action, protects circuits up to 5,000
amperes, 120 v, 60 cps. Unit is
highly shock-resistant and is pre-
cison calibrated.

CIRCLE NO. 207 READER SERVICE CARD

Rotary Switch
replaceable wafers

CHICAGO DYNAMIC INDUSTRIES, INC.,
1725 Diversey Blvd., Chicago 14,
I1l., offers a new rotary switch, any
wafer of which lifts out instantly
without unsoldering or disassem-
bling for fast, easy cleaning or in-
stant replacement. Switches are
available in sizes approximately 2

in, by 2 in., 3 in. by 3 in. and 4 in.
by 4 in. with lengths to accommo-
date up to 36 waters. All connec-
tions are to a single bank of re-
ceptacles and are conveniently
accessible from one side of the
aluminum housing. Wafers can be
made to include printed circuitry
and components in addition to their
normal switching function.

CIRCLE NO. 208 READER SERVICE CARD

Connectors

heavy duty

DEJUR-AMScO COrP., 45-01 North-
ern Blvd., Long Island City 1, N. Y.
Series 2000 miniature rectangular
connectors are available in three
contact arrangements for various

power applications requiring com-
binations of coaxial and conven-
tional contacts, contacts for No. 16
and No. 18 Awg wire, and 41 con-
tacts for No. 18 Awg wire. The
self-aligning polarizing shells have
corner keving design to prevent
mismatch and provide easy engage-

Uniform Quality in 1,000,000 Lots

( je——
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TERMINAL BOARDS

i
b

CONNECTORS

A broad range of standard and
miniature types for solder and
crimping assembly in conventional
and printed circuit work. All jacks
have compression spring assembly.
Insulated types with red, black, or
natural nylon sleeves. Bross, ploted
with bright alloy, nickel, or gold.

For details write Cambridge Thermionic Corpora-
tion, 437 Concord Avenue, Cambridge 38, Mass.
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SOLDER TERMINALS

Complete line for swage-mounting, thread-mounting, and press-
mounting. Single, double, ond triple-turret types; feed-through,
double-ended, hollow, and split types. Inspected in process. Held
to extremely close tolerances. No burrs. CAMBION Swagers assure
maximum speed and efficiency in assembly,

INSULATED TERMINALS

Wide variety of stand-off and feed-through types with ceramic,
Teflon", or phenolic insulation. Function over broad humidity
range without dielectric loss. Teflon types press-mount. Also avail-
able with internal or external mounting thread and as rivet types.
Special design eliminates danger of loose solder terminals in
ceramic types. Studs and bushing bross, plated to specification.

Standard all-set, miniature all-set, and
custom-built models for conventional and
miniature applications. Available in cotton-
fabric-phenolic, nylon-fabric-phenolic, or
glass-fabric-epoxy. Scribed for convenient
separation. Standaord ceramic  boards
available in 6 sizes for high temperature
applications.

SPECIFICATIONS
Brass ... QQ-B-6260
Plating:
Silver .. . QQ-$-635
Nickel . . . QQ-N-290
Cadmium ... QQ-P-416
Cotton-Fabric-Phenolic . . . MIL-P-150358

Nylon-Fabric-Phenolic . . . MIL-P-150478B
Glass-Fabric-Epoxy . . . MIL-P-18177
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Guardian Electric

Advance
Relays

Automatic
Electric

Now...Buy

Besson and
Robinson

Collins
Electronics

C. P. Clare

Elgin
Neomite

E.M.S.

ADVANCE

Kurman

Leach
Relays

Monitor

Phillips
Control

RELAYS

Potter
& Brumfield
R-8-M
Div. Essex Wire

FACTORY PRICES

Struthers
Dunn

Terado
And Others

from

RELAY SALES

Send for our Catalog C-9
Phone West Chicago 1100
TWX West Chicago, lIl. 3464.U
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24 HOUR DELIVERY

MEET ROLLY CHAREST
RESUME:

Assoc:ate
Editor Charest, Roland J.,
g Boston University, BS
electronics i journalism. Forinerly

New England editor for
electronies. Navy sonar-
man. Writer, réporter,
editor for Lynn Item,
Boston Globe, Boston
Traveler. Won a New
England Associated
Press (AP) award in 1955 for writing feature
articles in the major city newspaper class.

PRESENT OCCUPATION:

Rolly Charest supports Managing Editor Jack
Carroll for editorial content accuracy and expedit-
ing putting each weekly issue to bed. Rolly reworks
headlines for greater readability, is involved in
makeup, and helps polish editorial content. Rolly’s
across-the-board background assures you accuracy
in the face of journalistic pressures; articles in this
week's issue that could be held over to the next
deadline, but are not. The readers’ interests come
first!

REFERENCES:

If you’re not a subscriber, if your subscription is
expiring, if you will miss exciting features “in-the-
works” by electrenics 26-man staff, fill in box on
Reader Service Card. Easy to use. Postage is free.

electronics ® @

@t

Write P. O. Box 186-A, West Chicago, I.
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Top Quality in ANY Quantity
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DIODE CLIPS
Positive-gripping clips with a wide
range of application for compo-
nent mounting in conventional and
printed circuits. Spring-loaded and
spade types. Screw-stud or rivet
mounted types. Teflon type for
press-mounting. Stand-off or feed
through  design.  Spring-loaded
types take wire from 069" to .085”
diameter, Spade types take pins
from .005” to .080" diameter,

SPECIFICATIONS

|

|

| Brass . .. QQ-B-626a

| Stainless Steel ... QQ-B-7
| QQ-A-325

|
[}

Aluminum . .,

HANDLES
Full line of 28 type-and-finish combinations,
Fixed, full-folding, and 90° folding types.

Adjustable (telescoping) and oval types. Stain-
less steel and aluminum. Brass, plated as speci-
fied. Long-lasting, high luster. Custom made
handles on request.

Plating: Lion,

Cadmium . . .
Nickel .. . QQ-N-290
Silver .. . QQ-5-365
Gold ... ASTM-A219 (24K}

QQ-P-416

62 CIRCLE NO. 62 READER SERVICE CARD

KNOBS — BATTERY HOLDERS — HARDWARE

Koliet Knobs, molded from Tenite Il with black satin finish.
Snap-in caps available in 9 code colors. With or without
skirts. Arrow in skirt optional. Positive grip on shaft assured by
focking device. Mercury battery holders for 1 to 5 cells.
Also a complete line of binding posts, thumb screws, brackets
and stanc-offs.

For details write Cambridge Thermionic Corpora-

437 Concord Avenue, Cambridge 38, Mass.

@ CAMBRIDGE mko:omc CORPORATION

The guaranteed electromc components
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ment of plug and receptacle. Closed
entry contacts with leaf spring pro-
vide increased reliability and main-
tain a low millivolt drop under con-
stant and uniform insertion pres-
sure.

CIRCLE NO. 209 READER SERVICE CARD

Power Supplies
meet MIL-T-945A

I.aAwx  ELEcTRONICS Co., INC,
Woodward Road, Englishtown,

N. J., announces a line of regu-
lated power supplies for military
application to cover most normal
power requirements of amplifiers,
radar computers and communica-
tions equipment. Models are avail-
able with outputs of *=150 v d-c
and 300 v d-¢; and current ranges
of 200, 400 and 1,000 ma. Standard
input is 115 v =10 percent, at 60
cyvceles but 400 cyele models are
available. Regulation is better
than | of 1 percent for line or load
changes, ripple is below 5 mv, and
output impedance is less than 0.5
ohm. Output voltage is adjustable
+10 percent.

CIRCLE NO. 210 READER SERVICE CARD

Tiny Switch
withstands 700 F

HAYDON SwiITCH, INcC., Waterbury
20, Conn. A new precision snap-
acting switch measures only % in.
by 45/64 in. by 23/64 in. Use of

ELECTRONICS « AUGUST 21, 1959

Why it pays to use

M | aTionac Molded Activated

TRADE MARK

Carbon Getters

/o

Instrument Life
is extended

by adsorbing vapors gener-
ated during normal instru-
ment operation from wire
insulation, organic plasti-
~cizers and residual sol-
vents which might carbon-
ize on the contact points.

in sealed
electronic relays

Manvufacturing
Costs are lowered

by eliminating the need
for special insulations. and
also by reducing the need
for ‘* baking-out."’

FOR NATIONAL CARBON COMPANY

pETAILS WRITE

Division of Union Carbide Corporation

1300 Lakeside Avenue, Cleveland 14, Ohio
‘'National'” and ‘‘Union Carbide' are registered trade-marks of Union Carbide Corporation.
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No quicker, more accurate
way to get information on
PRODUCTS and SERVICES
than . . ..

electronics
BUYERS’ l
GUIDE

keep it
at your
fingertips!

electronics
BUYERS' GUIDE |

A McGRAW-HILL PUBLICATION
330 WEST 42nd ST. NEW YORK 36, N. Y.

=
ML 216 HEL .
TERMINAL WIRING!

The

corr :
Correcr o wire 1o
==lrect termingy

every 'ifer!

The New
JONES

FANNING
STRIP

Connections
are made
through Fane
ning Strip,
on bench

or anywhere
apart fram
barrier strip,

and quickly Strip

slipped ‘nto Barrier Pat.

assembly. Strip up?lled
or

Use with Jones Barrier
Terminal Strips, Nos
141 to 142, for 1 to
20 terminals.

Insures correct connec-
ldeal for harness or
cable assembly. Brass terminals, cadmium
plated. Bakelite mounting. Send for com-
plete data. See us at the Wescon Show
Booths 3310-3312.

Simplifies soldering.
tions. Saves time.

Howarp B. JoxES DivisioN
CINCH MANUPACTURING COMPANY
CHICAGO 24, ILLINOIS

DIVISION OF UNITED-CARR FASTENEIY CONPF
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Annozmcz'ng the

BE6

BAND
ELIMINATION
FILTER
‘ -y
£ \

BE6 — $385.00
Rack Mount Model illus. |

A New Allison Filter
With Single Knob Control

The Allison Model BE6 Band Elim-
ination Filter is a passive network
filter with a direct reading dial, con-
tinuously tunable over full audio ]
frequency range from 20 cps to

20,000 cps. It will transmit all fre- ]
quencies from DC to more than 100 |
keps, except for the reject band to
which the filter is tuned. |

SPECIFICATIONS

More than 40 db attenuation at one frequency. ]

Passive network—no power supply. |

No vacuum tubes: |

Impedance (in and out), 600 ohms. |

Reject band less than 1 octave wide.

Loss in pass bands, ¥4 db.

Single dial control.

Direct reading frequency dial. !

Maximum input for minimum distortion, 5 V.

Size of portable units, excluding knobs and
handle, 17” long, 53" deep, 8" high.

Rack models are mounted on 7" rack panel.

bg” Typical Band Elimination Curve | |
0

/‘
—10 /

LU

500
FREQUENCY

50 100 1000 [

Write today for complete
literature and prices

Allison

Laboratories, Inc.

14195 EAST SKYLINE DRIVE
LA PUENTE, CALIFORNIA
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special refractory materials in its
construction insures stability of op-
erating characteristics over the
temperature range of —65 F to
700 F, throughout the life of the
switch. Life at rated load is 25,000
cycles at 700 F and 100,000 cycles
at 450 F. Switch is qualified to
MIL-S-6743 and to the vibration
requirements of MIL-E-5272A, Pro-
cedure II.
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Terminal Blocks
meet MIL-M-14E

EXCELLENT ELECTRONICS INC., 335
Van Siclen Ave., Brooklyn 7, N. Y.,
introduces a new line of miniature
connector terminal blocks using sol-
derless taper pin connections. All
the various combinations of marker
strips are available as illustrated
as well as the new miniature “Fast
Fit” tabs. The terminal blocks are
designed and manufactured to meet
MIL-M-14E.

CIRCLE NO. 212 READER SERVICE CARD

Delay Line
built to MIL specs

CoNTROL ELECTRONICS Co., INC., 10
Stepar Place, Huntington Station,
L. I, N. Y., has developed a com-
pact, lumped constant delay line
with applications in the field of data
converter equipment. The F341 has
an impedance of 300 ohms and rise
time of 0.15 usec. Total delay time
is 2.4 psec, tapped at 0.8 usec and
1.75 usec. Dimensions are ? in.
high, 1% in. wide and 5 in. long.
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i

i | OPPORTUNITIES /.
\
|
|

|

L

ENGINEERS
RESEARCH

Aeronutronic, a new divi-
sion of Ford Motor Com-
pany, has immediate need
for computer engineers to
staff its new $22 million
Research Center in New-
port Beach, Southern Cali-
fornia. Here, you have all
the advantages of a stim-
ulating environment,
working with advanced
equipment, located where
you can enjoy California
living at its finest.

Look into these ground
floor opportunities in re-
search and development
work that is challenging
and exceptionally reward-
ing to qualified men.

POSITIONS NOW CPEN:

Systems Engineer

Magnetic Memory
Engineers

Communications
Engineers

Digital Computer
Programmers

Transistorized
Circvit Engineers

Logical Designers
Circuit Engineers
Mechanical Engineers
Optical Engineers

Qualified applicants are
invited to send resumes or
inquiries to Mr. R. E.
Durant, Aeronutronic, Box
NK-186, Newport Beach,
California.

Visit Aeronvutronic’s
exhibit booth 3822.24
at the WESCON show.

Computer Operation

AERONUTRONIC

a division of
FORD MOTOR COMPANY

Newport Beach
Santa Ano ® Maywood, California

¥ e
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Advance
Relays

Avutomatic
Electric

Now. .. Buy

Besson and
Robinsen

Coilins
Electronics

C. P. Clare
Elgin

Neomite
E.M.S.
Guardian Elettric
Kurman

Leach
Relays
Monitor

Phillips
Control

Potter
& Brumfield

R-B-M
Div. Essex Wire

ks FACTORY PRICES
e 24 HOUR DELIVERY

Terado from

B RELAY SALES

Send for our Catalog C-9
Phone West Chicago 1100
TWX West Chicago, Ili. 3464-U
Write P. O. Box 186-A, West Chicago, l.
CIRCLE NO. 87 READER SERVICE CARD |
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DID YOU KNOW THAT

PRODUCTS ADVERTISED
electronics BUYERS’ GUIDE

are UP-DATED WEEKLY?

Advertisers in the electronics BUYERS'
GUIDE wuse the 52 reqular
electronics magazine

issues of
to promote new
products and keep the industry informed
about their latest technical developments.
electronics advertisers are offered the op-
portunity to up-date their product adver-
tising by keying it to the catalog-type
advertising in the BUYERS’ GUIDE.

electronics BUYERS’ GUIDE

and Reference lIssue

A McGraw-dill Publication
330 West 42nd Street
New York 36, New York
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LT GLLOWS when
the FUSE BLOWS!

NEW INDICATING
3AG FUSE POSTS

EXAMINE THESE FEATURES

1) New patented knob design
to assure high degree of
illumination for instant

__ blown fuse indication.

(2) Positive finger grip for knob

~ extraction.

Quick service bayonet lock.

Constant tension beryllium

“ copper coil & leaf spring for
positive contact & lower
miilivolt drop.

") Optional—at extra cost—
neoprene‘‘O''ring to assure
splash-proof feature,

"\ New high degree vacuum

" neon lamp for greater bril-
liance & visibility.

" Impact black phenolic ma-

“ terial in accordance with
MIL-M-14E type CFG.

(8) One piece brass hot tin
dipped non-turning bottom
terminal.

) Double flats on body to per-
mit mounting versatility.

SPECI FlCATlONS
PART # VOLTAGE RANGE
344006 . . . . . . . .. 2%4- 7 volts
344012 . . . . . . . . .7 - 16volts
344024 . . . . . . . . 16 - 32volts
344125 . . . . . . . . 90 .125voits
344250 . . . . . . . . 200 -250 volts

Maximum current rating 20 amps.

PHYSICAL CHARACTERISTICS—Overall length 234" with fuse in-
serted ® Front of panel length '¥is” ¢ Back of panel length 1%4¢”
e Panel area front '%is” dia. ® Panel area back '¥s” dia. * Mounting
hole size (D hole) 84" dia. flat at one side.

TERMINAL —-Side—one piece, .025 brass—electro-tin plated ¢ Bot-
tom—one piece, lead free brass, hot tin dipped.

KNOB-High temperature styrene (amber with incandescent bulbs
—214 thru 32 volts—and clear with high degree vacuum neon
bulbs—90 thru 250 volts) e Extractor Method— Bayonet, spring
grip in cap.

HARDWARE—Hexagon nut—steel, zinc cronak or zinc iridite
finish e Interlock lock washer—steel, cadmium plated ¢ Oil re-
sistant rubber washer.

MILITARY SPECIFICATIONS—MIL-M-14E type CFG. Fungus treat-
ment available upon request per Jan-T-152 & Jan-C-173.
Unit will withstand 15 inch 1bs. mounting torque.

TORQUE—

2% MAX WITH FUSE INSERTIO

LITTELFUSE

DES PLAINES, ILLINOIS
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Y ZONN
A

- LOOKING
FOR
THE

TERMINAL
SETTER?

STOP. Yowve found it. A Black
& Webster Electropunch or full
automatic Electroset can solve your
terminal setting problems $l 3 50

~— for as little as

e

. RS |
SHORT RUNS: Electropunch — sets  hand fed
terminals twice as fast as conventional methods.
All electric, Foct switch operated, I

LONG RUNS: Electroset — automatically Seeds
and sets terminals up to 3600 per hour.” All
electric. Customized to your needs.
WHAT'S YOUR PROBLEM ?
Black & Webster can help.
Send  sample terminal and
requirements,

g

Write today for free 12-page catalog describing
our complete line of production tools.

BLACK E WEBSTER. INL.

Dept. E, 570 Pleasant Street
Watertown, Massachusetts
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Literature of the Week

MATERIALS

Fiberglass Tubing. L. Frank
Markel & Sons, Norristown, Pa. A
4-page illustrated brochure de-
scribes Hygrade Polytube, a class
B polyester varnished fiberglass
tubing which is compatible with the
new high temperature wire enamels,
glass served magnet wire and poly-
ester resins. Samples and litera-
ture are available upon letterhead
request,

COMPONENTS

Transistor Chart. Bendix Avia-
tion Corp., Red Bank Division,
Long Branch, N. J. A recently re-
vised transistor chart lists typical
operation and maximum ratings of
all the company’s production tran-
sistors.

CIRCLE NO. 214 READER SERVICE CARD

Synchro Transmitters. Daystrom
Transcoil Division, Daystrom, Inec.,
Worcester, Montgomery Co., Pa. A
size 8 synchro transmitter line is
described in data sheet 801-T4.

CIRCLE NOQ. 215 READER SERVICE CARD

Rotary Selector Switches. Chi-
cago Dynamic Industries, Inec., 1725
Diversey Blvd.,, Chicago 14, IIL
Four catalog pages are devoted to
rotary selector switches with
wafers which lift out instantly for
cleaning or replacement.

CIRCLE NO. 216 READER SERVICE CARD

Vernier Variable Resistor. Chi-
cago Telephone Supply Corp., Elk-
hart, Ind. Data sheet 174 describes
the compact type VA-45 12} to 1
ratio ii in. diameter vernier car-
bon variable resistor designed for
fine tuning applications.

CIRCLE NOQ. 217 READER SERVICE CARD

EQUIPMENT

Punched-Card Computer. Rem-
ington Rand Division of Sperry
Rand Corp., 315 Fourth Ave., New
York 10, N. Y., has published a
detailed case history describing

the use of the Univac 60 punched-
card electronic computer and al-
lied equipment by the Lynchburg
Foundry Co.

CIRCLE NO. 218 READER SERVICE CARD

Power  Supplies. Electronic
Measurements Co., Inc., Eaton-
town, N. J. Bulletin 765C de-
scribes a complete line of power
supplies for laboratory and con-
trol use.

CIRCLE NO. 219 READER SERVICE CARD

Core-Grading Instrumentation.
Boesch Mfg. Co., Inc., Danbury,
Conn. A core-grading instrument
called “Permeameter” is described
in a bulletin now available.

CIRCLE NO. 220 READER SERVICE CARD

Counters. Veeder-Root Inc.,
Hartford 2, Conn. Included in a
recent condensed catalog is an il-
lustrated description of the com-
pany’s new high-speed electronic
counters.

CIRCLE NO. 221 READER SERVICE CARD

FACILITIES

Aircraft/Missile Products. Bo-
hanan Mfg. Co., 15800 S. Avalon
Blvd., Compton, Calif. A 12-page
booklet describes facilities and
capabilities for the development
and manufacture of aircraft/mis-
sile hardware.

CIRCLE NOQ. 222 READER SERVICE CARD

Data Processing. Franklin Elec-
tronics Inc.,, Communications and
Control Division, Van Nuys, Calif.
Bulletin CC-220 describes an ad-
vanced research, design, and de-
velopment facility for data-proc-
essing systems and components.

CIRCLE NO. 223 READER SERVICE CARD

Computer Consulting. Marc
Shiowitz and Associates, Inc.,
13520 Crenshaw Blvd., Gardena,
Calif., has published a booklet de-
scribing consulting services avail-
able in computers and controls,
data processing, guidance systems,
and logical design.

CIRCLE NO. 224 READER SERVICE CARD
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Meet
John Mason

Associate Editor, electronics
MILITARY ELECTRONICS EXPERT

Resumé:

Mexico City College, Mexico, BA. Air Force officer,
navigator with 32 combat missions; Director of
Flight Training, Pathfinder Radar School; head of
Loran School. News editor, associate editor of aero-
nautical trade magazine, wrote free lance aviation
articles. Recalled to Air Force, 1951, and studied at
Georgetown Graduate School. Assigned to Libya,
then Munich. Wrote news stories plus daily digest
of iron curtain radio news.

Present Occupation:

As an associate editor of electronics John is deeply
involved with the technical and business aspects of
military electronics (the current $4.5-billion govern-
ment market) and draws heavily on his electronics
and Air Force background.

References:

John is typical of the 26-man staff of specialists
who edit electronies . . . men who produced 2,856
pages of editorial material during 1958. A mature,
experienced staff, averaging 36 years of age, these
people are dedicated to serving the needs of the
reader of electronics. If your subscription to elec-
tronics is expiring, or if you are not a subscriber
. .. if you will miss reading some of the exciting ar-
ticles John Mason is planning for the near future
... fill in the box on the Reader Service Card. It’s
easy to use. Postage is free.

electronics

A McGraw-Hill Publication « 330 West 42nd Street, New York 36, N.Y.

specify...

G-E WET-SLUG
TANTALYTIC*
CAPACITORS

for miniaturized high copacitance,
low-voltage transistor applications

¢ Completcly sealed porous anode provides
lowest impedance, per unit volume, of
any capacitor.

® Inculated metal cases permit operating
temperatures from —55 to +85° C.

® Meet 2000-cycle military vibration re-
quirenients.

FOR IMMEDIATE SPECIFYING INFOR-
MATION contact vour nearest G-k Ap.
aratus Sales Office or write for free
Lullclin, GEA-7008, to General Electric
Co., Scction 449.10, Schenectady 5, N.Y.

*Registered trademark of General Electric Co.

GENERAL & ELECTRIC

CIRCLE NO. 90 READER SERVICE CARD

ELECTRONICS - AUGUST 21, 1959

Advance
Relays

Automatic
Electric

Now.. . Buy

Besson and
Robinson

Collins
Electronics

C. P. Clare

Elgin
Neomite

E.M.S.

Guardian Electric

EM
. S
RELAYS

Kurman

Leach
Relays

Monitor

Phillips
Control

Potter
& Brumfield

R-B-M
Div. Essex Wire

Struthers
Dunn

24 HOUR DELIVERY

from

RELAY SALES

Send for our Catalog C-9
Phone West Chicago 1100
TWX West Chicago, lII. 3464-U

Terado
And Others
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Write P.O. Box 186A West Chicago, IlI.
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PLANTS AND PEOPLE

Acoustica: A New Milestone

A large plant devoted exclusively to ultrasonics was recently opened in
Plainview, L. 1., N. Y., by Acoustica Associates, Inc., manufacturer of
ultrasonic systems for industry, national defense, hospitals, and the home.
The 50,000 sq ft plant consolidates the company’s executive headquarters
and eastern division production and research operations which were pre-
viously conducted in four different plants (with substantially less floor
space) located in Mineola, and Glenwood Landing, L. I, N. Y.

The new building marks a milestone in the history of Acoustica’s rapid
expansion from its start only four years ago with three employees to
its present position with more than 425 employees in five plants. The four
others are located in Los Angeles, Culver City, and Santa Barbara, Calif.;
and Hartford, Conn. Acoustica now has over 87,000 sq ft total space in
five plants.

To highlight the opening event, Acoustica demonstrated a new long-
range underwater antisubmarine warning device recently developed for
the U. S. Navy. This device, called SEFAR, employs silent ultrasonic
energy. It was used to cut the ribbon to officially open the new plant.

Robert L. Rod, president of Acoustica Associates, Inc., told the approxi-
mately 350 guests attending the ceremonies that the new plant and other
expansions of the ultrasonics industry will bring about major scientific
breakthroughs during the coming year.

v —e Cameron joined Varian Associ-
ates in 1953 as chief product engi-
neer; was elected vice president,
tube production in 1954; named to
head up the newly formed tube di-
vision in 1956 and appointed vice
president and general manager in
1957. He has been a member of the
Varian board of directors since
1954.

Daystrom Pacific
Ups Zillman

JacK H. ZILLMAN has been named
vice president of Daystrom Pacific
Division, it was announced recently
by Thomas Roy Jones, president of

Promote Cameron
At Varian

EMMET CAMERON recently moved
up from vice president and general
manager to executive vice president
and general manager of Varian As-
sociates. He will be assigned com-
plete operating authority for the
company’s Palo Alto operations.

70

Daystrom, Inc. In assigning the
position to Zillman, Jones pointed
out that Daystrom Pacific is one
of the parent company’s fastest
growing operations and that its in-
creasing scope and importance call
for administration on the vice
presidential level.

Zillman has been general man-
ager of the operation since Novem-
ber of last year. Prior to that he
was director of sales and engineer-
ing and assistant general manager.

The expanded airborne instru-
ment and system work, and poten-
tiometer production, is being per-
formed in Upland, Calif., and a new
plant in El Segundo, in addition to
the administrative, engineering and
production headquarters in Los An-
geles.

Daystrom Pacific, with its three
operations in California, is one of
ten divisions and subsidiaries of
Daystrom, Inc., operating through-
out the U. S. and foreign countries.

REL Elects
Executive V-P

FRANK A. GUNTHER was recently
elected executive vice president and
general manager of Radio Engi-
neering Laboratories, Inc., Long
Island City, N. Y., a wholly-owned
subsidiary of Dynamics Corp. ot
America.

As operations head of the DCA
subsidiary, Gunther, a 34-year vet-
eran with REL, will direct the com-
pany’s multi-faceted activities in
the communications field. Company
is a leading producer of tropo-
spheric scatter telephone equipment
and also a product of ssb radio
and tv-radio equipment.

Appoint Dannals
Engineering V-P

DYNATRONICS, INc., Orlando, Fla,,
has named George C. Dannals vice
president of engineering. He fills
the position formerly held by G. F.
Anderson, recently appointed vice
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No hiding place for underseas prowlers

Excellence in Electronics

Raytheon sonar is as far-reaching as the sea itself. From the air, the surface
and the depths, underwater vision is eliminating the hiding places of under-
seas prowlers. Development of sonars for the highly diversified vchicles
and environments necegsary to achicve complete surveillance requires a
highly adaptable engineering staff.

PROFESSIONAL ASSOCIATION WITH A FUTURE is open to quali-
fied engineers and scientists with BS or advanced degrees. Positions are
available in systems, development, design or manufacturing engineering
of a wide range of complex cquipments. Please write Donald H. Sweet,
Government Equipment Division, Raytheon Company, 624 Worcester
Road, Framingham, Massachusetts.

Engineering Laboratories: Wayland, Maynard, Sudbury, Mass.; Santa Barbara, Calif.
Manufacturing Facilities: North Dighton, Waltham, Mass.

GOVERNMENT EQUIPMENT DIVISION

SEA AEROSPACE




FLUX RATINGS AVAILABLE IN §

EIA PREFERRED NUMBER
SERIES FOR SIMPLIFIED DESIGN

NEW STANDARD
BOBBIN CORE SERIES:

...offers a decade progression ot
i flux ratings with guaranteed switch-
©ing times. For the first time, design-
i ers using magnetic core logic can
select low cost bobbin cores on a
catalog basis, with complete pub-
lished specifications, in the same
simplified way you select capacitors
and resistors.

NEW SPECIAL
BOBBIN CORE SERIES:

... offers flux ratings in decade pro-
gression with switch time and noise
ratio specified by the customer.

DYNACOR CUSTOM SERIES:

... for special applications, the Cus-
tom Series continues to offer bobbin
cores tailored to the most exacting
customer specifications.

ARMAG*
NON-METALLIC ARMOR:

...provides maximum protection
for all DYNACOR Bobbin Cores.
Suitable for use with normal encap-
sulation techniques, ARMAG is
available on both ceramic and stain-
less steel bobbins. It costs no more
than the polyester tape and nylon
materials which it renders obsolete!

Write for Engineering Bulletins
DN-10004 and DN-1003 for com- 1}
plete performance and specification *
data.

*TRADEMARK

DYNACOR, INC.
A SUBSIDIARY OF SPRAGUE ELECTRIC (0.
10431 METROPOLITAN AVENUE * KENSINGTON * MARYLAND
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president and general manager of
the firm.

Dynatronics is currently engaged
in work for the Department of De-
fense, specializing in automatic
tracking antenna systems and pem
telemetry ground stations.

\

::’\ o~
L

‘

GTIC Advances
W. S. Bower

APPOINTMENT of Walter S. Bower
as president of General Transistor
International Corp., Jamaica, N. Y.,
was recently announced.

Bower, who has been a vice-presi-
dent of GTIC since the corpora-
tion’s founding in 1957, will be in
charge of all international affairs
and foreign licenses for General
Transistor Corp. and its subsi-
diaries.

Mid-Esasfeﬁrn
Hires Reynolds

WILLIAM REYNOLDS has joined the
engineering staff of Mid-Eastern

; Expanding the Frontiers E
of Space Technology in k3

GUIDANCE

B As systems manager for
such major projects as the
Navy POL.ARIS FBM; DIS-
COVERER Satellite; Army
KINGFISHER: Air Force
Q-5, X-7 and X-17: Lock-
heed Missiles and Space
Division is deeply involved
in improving existing guid-
ance systems and designing
solutions to new problems.

ENGINEERS AND
SCIENTISTS

The Division's projects and
research and development
programs reach far into the |
future and deal with un- °
known and stimulating en-
vironments. It is a rewarding |
future with a company that
has an outstanding record of
progress and achievement.
There are inertial guidance
| [ positions now available at
~ various Lockheed facilities
[[% and a particular need at our
' Vandenberg AFB location. If |+
you are experienced in guid-
ance work in one or more of
the following areas, or in re-
lated fields, we invite your
inquiry: circuit design; hy- &
draulics; dynamic analysis; =
©  servo systems analysis and
design; transistor circuit de-
sign or analog computer
simulation.
Write: Research and Devel-
' opment Staff, Dept. H-3-22,
. 962 W. El Camino Real, |
| Sunnyvale, California. U.S.
| | citizenship required.

5
i iia

t Lockheed

MISSILES AND SPACE
DIVISION

Systems Manager for the
: Navy POLARIS FBM,
| DISCOVERER SATELLITE;
7 Army KINGFISHER;
Air Force Q-5 and X-7

SUNNYVALE, PALO ALTO, VAN NUYS,
SANTA CRUZ, SANTA MARIA, CALIFORNIA

CAPE CANAVERAL, FLORIDA A
ALAMOGORDO, NEW MEXICO ¢ HAWAII A“

| B
L
P28, — bigs
| —
:,x"\-ﬁ",:'“ g Al 2 ol
[ A 5 2 ) 5
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Electronics, Inc., Springfield, N. J.,
as project engineer in the mag-
netic components department. He
was formerly production manager
for Stuart Electric Co., Orange,
N. J., and head of quality control
for the Harrison Transformer Co.,
Springfield.

News of Reps

Sheridan Associates, Inc., of Cin-
cinnati, Ohio, has been appointed
Ohio, Kentucky and western Penn-
sylvania sales rep for Shockley
Transistor Corp., Palo Alto, Culif.

Jackson Edwards Co., North Hol-
lywood, Calif., rep firm, appoints
Edward J. Foley as field engineer,
covering the state of Arizona.

A. Friedman & Associates of Ja-
maica, N. Y., is named by Wyco
Metal Products, North Hollywood,
Calif., to handle the company’s
line of racks, panels, cabinets and
chassis for the electronics indus-
try in New York City and northern
New Jersey.

Lawrence Research & Electronics
of Detroit, Mich., is now national
and international representative
for The Digitrols Co., Baltimore,
Md., in the sale of all transistor
products.

Amplifier Corp. of America, New
York, N. Y., has appointed Law-
rence Research & Electronics of
Detroit, Mich., to handle its line
of transistor transformers in
Michigan, Illinois, Indiana and
Wisconsin.

Mid-Eastern  Electronics, Inc.,
Springfield, N. J., has appointed
Ed Granzow Associates of Phoenix,
Ariz., sales rep for Arizona.

Penn Resistor Corp., Lansdale, Pa.,
has appointed the following reps:
Norman Hardy Associates of Mel-
bourne, Fla., for the state of
Florida; Richard Legg Co. of Port-
land, Ore., for the northwest ter-
ritory; Lee Grant Snyder of
Hollywood, Calif., for southern
California and Arizona; and
Spicer-Lindsay Associates of Den-
ver, Colo., for the Rocky Mountain
area.
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PHILLIPS SOLENOIDS

Designed for industrial control

applications where long life and

reliability are prime requirements.
A wide range of types and sizes.

Manufacturers of Sub-Miniature, telephone,
power, general purpose relays — solenoids.

Phillips Control Corporation, Joliet 2, (1linois-AN ALLIED PAPER CORPORATION
SUBSIDIARY — SALES OFFICES: NEW YORK - PHILADELPHIA « BOSTON - SAN FRANCISCO - DENVER - SANTA
MONICA - WASHINGTON - WINSTON SALEM - CLEVELAND « DALLAS - SEATTLE - KANSAS CITY - ST, LOUIS - DETROIT
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Model “YE” by

DURANT

Offered in TWO STYLES:
1. Quick PUSH-BUTTON RESET
2. Electric REMOTE RESET

First high-speed electrically actuated counters with
added advantage of electric reset, Clean-cut, legi-
ble 3/16" figures, white on black. ldeal for all
high-speed electric counting applications — accu-
rate at high, low or intermediate speeds. <

DURANT MANUFACTURING CO. 7

1912 N. Buffum St. 12 Thurbers Ave.
Milwaukee 1, Wis, Providence 5, R. .
Representatives in Principal Cities

ALASKA GRAY
AND SEAL BROWN

Compact, with great rigidity — en-
tirely enclosed against dust and
moisture. Base or panel mount,
Speeds to 1500 C.P.M,

<

SINCE 1879

PRODUCTIMETERS
 (ount Everytling
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NEW “"STANDARD” with
SPECIAL CAPABILITIES

o Rugged Anodized
Aluminum Housing

® Operation Up to 150°C

® 5.5 watts @ 85°C (derated
to 0 @ 150°C)

® Resistance Range from
250 ohms to 300K ohms

l

Those are just a few of the im-
portant performance features you
get with the new Gamewell RVG-
14-MT10 multi-turn potentiometer.
It fully meets applicable sections of
MIL-E-5272A and NAS-710 — and
much more. It gives you extras that
often save you the cost of a**special.’’

Available in 10, 5, or 3 turns, with
tap locations limited only by physi-
cal spacing. Write for detailed speci-
fications and catalog of other stand-

TELREX LA

“TRI.BAND®** Rotatable
MODEL 52 ohm
XCYST - Single-
ransmission-
111420 Line Array

Power rating—
1.5 Kw.,100% AM.

(Higher ratings
available)

Specificationss

Turning radius—23 ft.
Antenna weight—160 Ibs. Shipping weight 200 Ibs.

For information or
1o order, phone

PRospect 5-7252

or write

Department SC.

ANTENNAS
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Antenna rated design with ¥%2” radial ice—110 mph.

/

rex LABORATORIES

ASBURY PARK 25, NEW dERéEY. U.S. A

CIRCLE NO. 74 READER SERVICE CARD

Designers and Manufacturers of “\‘

COMMUNICATION ARRAYS
FOR THE ARMED FORCES

) and Commercial Service

Gain 11Mc.-8.0 db, F/B 24 db, E-Plane B-W 14Power—66°
Gain 14MC.-8.4 db, F/B 24 db, E-Plane B-W 2Power—60°
Gain 20Mc.-8.6 db, F/B 24 db, E-Plane B-W 1/2Power—56°
Wind surface—13.36 sq. ft. Load at 100 mph.—423 Ibs.
Container size—12”x12”x14"

ard Gamewell potentiometers. Spe- 1
cial pots supplied whenever neces-
sary. Bring all your pot problems to
THE GAMEWELL CompanNy, Dept.
13C, Newton Upper Falls 64, Mass.

Crimewell

PRECISION POTENTIOMETERS

“Integrals of High Performance"
CIRCLE NO. 89 READER SERVICE CARD

o Telrex is
equipped to design |
and supply to

our specifications-
- or yours, Broad-
band or single
frequency, fixed or
rotary arrays for
communications,
FM, TV, scatter-
propagation, etc.

Calibrated for
easy assembly to
specifications and
center frequency
of your choice.
Custom Quality
construction
throughout. Sug-
gested rotator for
above — Telrex

Model 500-RIS.

Also available:
Over 172 off-the-
shelf fixed or ro-
tatable high-per-
formance arrays.
7Mc. to 600Mc.

e Consultants
and suppliers

Mono, Duo, Tri to communication
and Multi-band . ‘ S
individudlly fed firms, universities,

or single line
feed, and me-
dium to extra
heavy duty rota-
tor-indicator con-
trol systems, ro-
tated masts, and
towers,

propagation
laboratories and
the Armed Forces.

Communication and TV Antennas

COMMENT

More Abbreviations

In your June 26 issue (Comment,
p 84), the item “Abbreviations,”
you say you “find no record of in-
ternational agreement” as to using
Mc for megacycle rather than your
usage of me.

My copy of Physics Today, dated
November 1956, p 23, refers to the
Commission on Symbols, Units and
Nomenclature of the International
Union of Pure and Applied Physics
(SUN Commission); Professor H.
H. Nielsen, chairman of the Com-
mission, Dept. of Physics and As-
tronomy of Ohio State University.
The article starting on p 23 stipu-
lates upper-case M for mega-.

I believe there is weight for the
argument in favor of the upper-case
M in Mc for megacycle.

WM. M. HURST
Fr. WORTH, TEXAS

How can you be so stuffy in de-
fending your error in your reply
to the June 26 comment of H. T.
Greatorex of the BBC. No thinking
man has used M for 1,000 in the
electronics industry of Canada or
the U.S. for over 10 years. And I
am not forgetting the obstinacy of
one component manufacturer who
cannot bring himself to go modern.

R. SPENCER SOANES
CANADIAN RESEARCH INSTITUTE
TORONTO, CANADA

We seem to have started a tem-
pest in a teapot. We will go only
this much further: that we re-
serve the right to defend, not
errors, which we regard as inde-
fensible, but opinions.

The ASH Sensor

During World War II, the Navy
was disinterested in my proposal
for a specialized form of mass spec-
trometer, to be developed for de-
tecting the “spoor” (diesel fumes)
of enemy subs and homing upwind
on the source. I am at least molli-
fied to observe that some admiral
has presumably come up with the
same idea 10 or 15 years later—just
as diesel power is becoming ob-
solete; (See “How We’re Fighting
Sub Threat,” p 20, July 3.)

My copy of the proposal is in
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Valuable

BUYING DATA

‘Will Be Found

In This Year’s
Reference Section

- The 1959-1960 Ref-
erence Section of the
BUYERS’ GUIDE con-
tains’ market figures,
market distribution
data, a government
agency buying guide,
Mil-Jan specs, a mate-
rials’ guide, etc. — in-
formation of permanent
use to the buyer. ..

One more reason why
advertisers and users of
the BUYERS’ GUIDE
receive extra benefits
available in no other
place.

BUYERS’ GUIDE
and Reference Issue

A McGraw-Hill Publication
330 West 42nd 5t. g
N.Y.36,N.Y. @
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our files, but one feature 1 recall
was a provision for an IFF func-
tion, involving prearranged intro-
duction of trace amounts of un-
usual elements in the diesel fuel of

friendly subs, which would be
separately detected in the spectrom-
eter by special interchangeable

masks used as anodes. Enemy subs
using the wrong trace elements,
or more or less than the trace
amounts specified by the daily code,
would give an alarm.

CHARLES C. LITTELL JR.
ENGINEERING ASSOCIATES
DayToON, O.

Night Vision

We were very interested to see in
your issue of June 26 (‘“How Mili-
tary Sees in Dark,” p 20), in an
article on detecting low-level en-
ergy, a suggestion that a Vidicon-
type tube employing thermal de-
tection should be used for infrared
observation, and that such tubes
did not in fact exist.

In this company we produced a
number of tubes of this type dur-
ing 1956 as part of a government
contract, and were able without
the use of any cooling to detect ob-
jects with such a tube, which were
only 12 C above ambient tempera-
ture. Work on these tubes is still
continuing . . .

G. B. F. Gorr
CATHODEON LTD.
CAMBRIDGE, ENGLAND

Ceramic Magnets

Reference Newsletter, p 11, July
10, wherein it is stated that the
Soviets are now making ceramic
magnets out of compressed iron and
barium oxide.

This sounds suspiciously akin to
the ceramic permanent magnets
that Stearns Magnetic, a division of
Indiana Steel Products, has been
manufacturing and applying to in-
dustrial uses for at least two years.

C. M. ScHLoOSS
SCcHLOSS & SHUBART
DENVER, COLO.

We're always interested in re-
porting Soviet progress, especially
when it bears suspicious resem-
blance to earlier American work.

Exceptional career
opportunities for

INFRARED
SPECIALISTS

Infrared systems and techniques of
an extremely advanced order are
a primary research tool at Boeing
in the development of new, high-
performance systems and compo-
nents for manned and unmanned
aircraft and space vehicles.

Outstanding, long-range assign-
ments are available now with mili-
tary systems development and
electro-dynamics staffs engaged in
research and studies associated
with high altitude reconnaissance,
optics and other future areas of
assured technological growth.

At Boeing, you’ll work with the
most advanced methods, materials
and techniques in the industry...
in a forward-striding environment
that’s conducive to rapid growth
and advancement.

If you have an M.S. or higher
degree in engineering or science,
or experience in fields of signal
propagation and detection, com-
pounent development or systems
design and analysis, drop a note
now to:

Mr. Stanley M. Little

P. O. Box 3822 - ECB
Boeing Airplane Company
Seattle 24, Washington

BOECING

...environment for
dynamic career growth
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EMFLOYMENT GCPPORTUNITIES

Eaxplore new areas at IBM in

MECHANICS

At IBM, engincers are applying the principles of mechanies in radically

new ways in order to keep pace with recent scientific advances. One
project, for example, involves the design of mechanical and electro-
mechanical devices and servos in the 5-10 millisecond range that will
insure minimum noise, vibration, and wear. In another project, new
concepts of magnetic recording systems are being sought that will
enable great quantities of data to be stored in highly minmaturized
“memory”” deviees. Also under development are extremely fast, ex-
tremely small output mechanisms that will open a new era in office
equipment design. For assignments like these, IBM is secking engineers
who can solve the unusual mechanies problems posed by recent

technological break-throughs,
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SOME ASSIGNMENTS NOW OPENM

CAREERS AVAILABLE
IN THESE AREAS

Development of nonconventional devices that accu-
rately measure the effects of gear-tooth wear on
angular precision; design of gears for miniaturized
electromechanical devices; analysis of problems in-
volving the organization and design of high-speed
mechanical and electromechanical devices. Experi-
ence required in gearing problems arising from in-
formation transmission applications.

Theoretical and experimental analysis of dynamic
elastic systems; of stability, self-acting, and experi-
mental pressure gauges, of liquid journais and thrust
bearings; of solutions to partial differential equations
of the elliptical type for various boundary conditions
in lubrication problems.

Mechanical movements—study of their addition and
communication by fluid-column linkages, and solu-
tion of problems in elastic properties of members;
investigation of means of storing and handling me-
chanical “memory’’ media stored in densely packed
bin array.

Thermodynamics problems in aircraft installation
and cooling work. Knowledge of heat transfer, paek-
aging, and aircraft structures necessary.

Applied research in noise-generating phenomena in
data processing equipment. The work includes analy-
ses of intricate electronic or electromechanical com-
ponents, measurement of physical effects in noise
production, and application of data to the optimiza-
tion of design parameters for minimum machine-
noise output.

Study of the behavior of transient systems, pulse
behavior and nonlinear response of mechanical sys-
tems; analyses of impact loads on mechanical sys-
tems and transducing of energy into and out of
mechanical systems.

Research —through photoelasticity — of propagation,
reflection and diffraction of stress waves in birefrin-
gent materials; study of dynamic stress-optic laws.
Experience required in field of applied mechanics or
photoelasticity.
Acoustics

Applied mathematics
Dynamic elastic systems
Electromechanics
Fluid-column linkage

Gear design

Mechanical analysis
Servomechanisms
Systems design
Vibration & wear control

QUALIFICATIONS: B.S., M.S., or Ph.D. in Mechanical
Engineering, Electrical Engineering or Engineering
Science—plus proven ability to assume a high degree
of technical responsibility in your sphere of interest.

You will enjoy unusual professional freedom and the
support of a wealth of systems knowledge. Compre-
hensive education programs are available plus the
assistance of specialists of many disciplines. Work-
ing independently or with a small team, your indi-
vidual contributions are quickly recognized and re-
warded. This is a unique opportunity for a career with
a company that has an outstanding growth record.

1
{

|

EMPLOYMENT CPPORTUNITIES

N ——

RADAR ENGINEERS

WORLD-WIDE
ASSIGNMENTS

with General Electric’s
Heavy Military
Electronics Department

Salaries Commensvurate
with Experience
Liberal Overseus Bonuses

HMED's Missile Detection Sys-
tems Section is substantially
augmenting its systems manage-
ment team  for deployment at
complex radar systems installa-
tions at a number of overseas
locations. The requirement 1s
for systems-oriented electrical
engineers with the ability to as-
sume responsibility for installa-
tion, checkout and integrations
of major radar systems. These
interesting career positions re-
quire a background in high-
powered Kklystron transmitters,
low-noise receivers and digital
data processing  equipnment

Send your resume in strict con-
fidceice to

Mr. James I’. Kinsella, Div. 69WG

Missile Detection Systems Section
Heavy Military Electronics
Department

GENERAL @D ELECTRIC

Court Street, Syracuse, New York

For details, write, outlining your
background and interests, to:

Mr. R. E. Rodgers, Dept. 554-H3
IBM Corporation

590 Madison Avenue

New York 22, N.Y. ®

INTERNATIONAL BUSINESS MACHINES CORPORATION |

.= =———¥\
A
A
L
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EMPLOYMENT OPPORTUNITIES

RCA

offers unlimited
opportunities for

SCIENTISTS and
ENGINEERS

You are invited to inquire about im-
portant openings at RCA’s Electron Tube
center in Harrison, New Jersey (just 15
miles from New York City). To qualify,
you should have a degree in . . .

ELECTRICAL ENGINEERING
PHYSICS + METALLURGY - CERAMICS
MECHANICAL ENGINEERING

RCA-Harrison is a major R & D center
for the following activities connected
with receiving and special purpose elec-
tron tubes:

DESIGN OF « = »
ELECTRON TUBES ¢ CIRCUITS

DEVELOPMENT OF « « »

TUBES AND CIRCUITS
TUBES FOR NEW APPLICATIONS
NEW MATERIALS
NEW TECHNIQUES
METHODS FOR
FABRICATING ELECTRON TUBES

AND ¢ ¢ o

TECHNICAL PUBLICATIONS
ENGINEERING

Phone or Write
Mr. J. F. McPartland,
DEPT. J-262

AT
(&=
O &
HUmboldt 5-3900 NEGRTINS

RADIO CORPORATION
OF AMERICA

415 South Fifth Street

® ELECTRON TUBE OIVISION
HARRISON, NEW JERSEY

78

ELECTRONIC

AND

ELECTRO-

MECHANICAL
ENGINEERS

Thevaried programs of Bell’s
Avionics Division ean be your
springboard to a rewarding
future. Opportunities now
open for you in:

INERTIAL INSTRUMENTATION
AUTOMATIC LANDING SYSTEMS
FLIGHT CONTROL SYSTEMS
VISUAL SURVEILLANCE SYSTEMS

® Evaluation of digital velocity
meters and low drift gyros.

® Instrumentation electronics
development.

e Instrumentation electro-
mechanical

® Testing of inertial gyroscopes.

® Development and tie-in of
transistorized digital logic cir-
cuitry.

® Analysis and development of

automatic throttle control
loops.

Openings at all levels from
$7,000 1o 815,000 yearly.
The industry’s best retire-
ment and group insurance
plans...('ompuny paid tuition
assistance...ideal family liv-
ing in Western New York’s
vacationland.
For further information and
to arrange a personal inter-
view write or phone today.

SUPERVISOR
ENGINEERING EMPLOYMENT

BELL AIRCRAFT

CORPORATION
BUFFALO 5, NEW YORK

control

careers
1 control
of space

For 74 years, Minneapolis-Honeywell
has pioneered the development and
production of advanced automatic con-
trols. Today—with work in automatic
controls more critical, more demand-
ing, and more rewarding— Honeywell
is a leader in this area of space opera-
tion. Within this area opportunities
exist for the following engineers:

PRODUCTION: Develop and establish
assembly processes for a wide range
of products. Requires background
in complex devices such as gyros,
accelerometers, flight systems, and
a thorough knowledge of produc-
tion processes.

COMPONENT APPLICATION: Senior
development engineer (BSEE) to
pioneer as specialist on radio noise
suppression. Also, a specialist in
application of capacitors to aid and
guide design engineers.

INSTRUMENTATION: Development and
design in the critical areas of test
instrumentation for Aero Division
products. Two years’ experience in
test instrumentation desired.

FIELD SERVICE: Monitor airborne sys-
tem performance in U.S. and over-
seas. Conduct training, liaison with
military. BSEE preferred, or grad-
uate engineer with high electronic
aptitude.

If you're interested in a challenging career in

adeanced automatic controls, write Mr. Bruce
D. Wood, Technical Director, Dept. 8,9A4.

1433 Stinson Blvd. N.E., Minneapolis 13, Minnesota

MINNEAPOLIS

Honeywell

AERONAUTICAL DIVISION
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EMPLOYMENT OPPORTUNITIES

CHALLENGING OPPORTUNITIES
ENGINEERS underwater ordnance.
THE I
University Park, Pennsylvania

IN' RESEARCH
AND DEVELOPMENT
menteltrearmont ot | |
SYSTEMS h_ydrodynamic.s, acous-
ENGINEERS CEh T i
PENNSYLVANIA STATE UNIVERSITY
ORDNANCE RESEARCH LABORATORY

ElEcTRONIc Design of electronic
instrumentation for
scientific research prob-
mechanisms, mechanics,
tal computations.
P. O. Box 30
® Excellent Working and Living Conditions

Send Resume To:

ARNOLD ADDISON
Personnel Director

PHILCO

4730 Wissahickon Avenue, Philadelphia 44, Pa.

IN PHILADELPHIA, PA.

COMMUNICATIONS SYSTEMS

Systems Analysis, UHF & VHF Development, Receivers & Transmitters
Transistorization, Microwave Development, Telemetering

Pulse Circuit Techniques, |F & Video Circuitry, Miniaturization

| PHILCO

Famous ror [QUALITY| THE woRLD oVER
has immediate opportunities for
Electronic Engineers

& Scientists

WEAPONS SYSTEMS & RADAR

Advanced Systems, Systems Analysis, Guidance & Navigation
Radar Development, Data Transmission, Display Development
Missile Fuzing, Aerodynamics, Applied Mechanics

ELECTRONIC DATA PROCESSING

Product Planning, Systems Analysis, Memory Development
Input and Output,Test & Evaluation, Production Engineering
Programming, Field Service Engineers, Instructors & Writers

Send Confidential Resume to Mr. J. R. Barr; Engineering Employment Manager

Government and
Industrial Division

SCIENTISTS /ENGINEERS

06 bhich area of progress
at Electronics Park
interests you most?

With the outlook for the electronics industry in 1959 brighter
than ever, a significant fact for career-conscious engineers is the
breadth of opportunities at Electronics Park. Here General Electric
research, development, design and manufacturing groups are actively
engaged in almost every area of electronics—whether in the industrial,
military, or entertainment fields.

A cross fertilization of products and talents characteristic of
Electronics Park will help you advance along with the major advances
in the electronics art.

Some of the many areas of research, development, and pro-
duction at Electronics Park are listed to the right. Check your particular
interest and mail the coupon to us today. Requirements for our current
openings include a Bachelor’s or Advanced Degree in Electronics,
Physics, Mathematics, or Mechanical Engineering, and/or experience
in electronics. All communications will be held in strict confidence.

GENERAL @B ELECTRIC

ELECTRONICS - AUGUST 21, 1959

To: GENERAL ELECTRIC COMPANY N
Electronics Park Div. 69-WG

Syracuse, New York

Att.: Technical Personnel Dept.

1 am interested in

(]
0
O
)
O

Advanced Development
Design

Field Service *
Technical Writing
Research

inthe field of

coooocoooooo

NAME.

ADDRESS

Military Radio & Radar
Multiplex Microwave
Semiconductors
Electronic Components
Computers

Missile Guidance
Television Receivers
Industrial Television
Antennae

Defense Systems
Underwater Warfare

\

-

T s - — — — — — — — — — — — — u— "
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EMPLOYMENT OPPORTUNITIES

Engineers, EE

The Closest Thing to Running Your Own Business . . .

I FIELD ENGINEERING

at the Light Military Electronics Dept.
i of General Electric

To some engineers, being on
their own professionally is an
all-important factor. Are you
one of these individualists,
who is at his best when work-
ing on his own?

The LME Dept. Ficld Engi-
neer is G.E.’s sole representa-
tive at many of the locations
and it is his responsibility to
give expert professional
assistance.

Assignments may be in any
of the 49 states. Average is
one year at one location.

® Write today—and by return mail we’ll send you a ||
simple application form.

Mr. R. S. Ziehmn, Rm 69-WG
Light Military Electronics Dept.—Product Service

GENERAL @B ELECTRIC

831 Broad Street, Utica, N. Y.

~N

You will be trained at one of our
plant locations in one or more of
the following product lines:

Radar - Counter Measures - Digital
Communications - Navigation

Armament Systems - Flight Control
Missile Guidance - Test Equipment

Requirements:

138 in Electrical Engineering or
BS in Mechanical Engineering,
Physics or Mathematics with mini-
mmum ol 2 years eleetronics experi-
ence.

J

ELECTRONIC
MATERIALS
SPECIALIST

MONSANTO CHEMICAL COMPANY
Research and Engineering Division

Monsanto is engaged in a major effort in
the field of new electronic materials. A
man well acquainted with the electronics
industry and its materials requirenients
is neecded to guide new product develop-
ment and research programs. He must
be capable of discussing research, product
cvaluation, device applications and mar-
Kets with top-level scientisis, engincers
and executives in the industry.

This is a permanent position and repre-
sents an unusual opportunity for personil
and professional advancement,

Send resume to:
Dr. D. T. Mowry

Director of Development
Research and Engineering Div.

MONSANTO CHEMICAL CO.
800 N. Lindbergh Blvd.
St. Louis 66, Missouri

MANUFACTURERS REPRESENTATIVES
Openings tor eaperienced  commponent  sales et
necring organizations interested in the following
territories: New England States--Minnesota, lowa,
Wisconsin: -South Carolina, Georgia, Alabama
Kansas, Missouri, Arka Louisiata, Missis-
Sippii- New Mexico, Ar
Firnt is well establis

producer of wide 1ahige ot
electronic wiring devices with excellent product ac
RAVICHER RW-2253, Elcctronics

520 N. Michigan Ave,, Chicago 11, 110,

ADDRESS BOX NO. REPLIES TO: Boec. No.
Claxgified Adv. Div. of this publication.
Nend 1o office nearest you.,
NEW YORK 36: P, 0. Box 1
CHICAGO 11: 520 N, Michigun Ave.
SAN FRANCISCO 4@ 68 Poxt S,

POSITIONS VACANT
Communications Technician wanted for as-
signment in North Africa. Familiarity with
all aspects of H. F, Systems Essential. Salary
commensurate with experience. Give full par-
ticulars., Reply to: The Ohio Oil Company.
Room 7010, Findlay, Ohio.

B.S. and M.S. Electrical Engineers for re-
search work on instrumentation and control
problems related to the steel industry. Salary
commensurate with training and experience.
Large Research Lahoratory, Pittshurgh Area.
Forward complete resume and salary require-
ments to P-2283, Electronics.

POSITION WANTED
Engineer (Electronic-Acoustic) 5 years in-
dustrial management experience seeks re-
sponsible position in Europe. engineering or
sale. Speak German and French. Pres. sal.
£10,000. PW-2328, Electronics.

FOR SALE

For Sale: Dage television camera, mode! 101A
complete with 3 lenses, %", 1 and 3" and
spare vidicon. Write C.” Scott, 110 No.
Lynmur Lane, Vista, Calif.

EMPLOYMENT
OPPORTUNITIES

DISPLAYED RATE
The advertising rate is $28.67 per inch (Sub-
ject to Agency Commission) for all advertising
appearing on other than contract basis. Con-
tract rates quoted on request.

UNDISPLAYED RATE
$2.40 per line, minimum 3 lines. Position
Wanted ads in this style, V2 the above rate.
To figure advance payment count 5 average
words to a line.

Achicvement in Aclion
at Avco. .. for

SCIENTIST

AND

ENGINEER

Achievement is habit at Avco!
A leader in the field of
atmospheric re-entry, Avco is
now providing significant
contributions to basic and
applied research in Space and
Missile Technology.

Supervisory, Senior and Junior positions
are available in these areas:

* ELECTRGNICS
MATHEMATICS

PHYSICS AND CHEMISTRY
COMMUNICATIONS
MATERIALS

FLIGHT TEST ENGINEERING
DESIGN ENGINEERING
PRODUCT ENGINEERING
AERODYNAMICS

APPLIED MECHANICS

THERMODYNAMICS AND
HEAT TRANSFER

Attractive working environment outside
of metropolitan Boston. The large, fully

equipped, modern laboratory is close
to Boston educational institutions and
cultural events. The division offers a
liberal educational assistance program
for advanced study.

Forward your inquiry to:

Mr. Richard Rubino
Scientific and Technical Relations

L4

Research & Advanced Jevelopment
201 Lowell St., Wilmington, Mass.
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EMPLOYMENT OPPORTUNITIES

SALES ENGINEER WANTED

For Fort Worth, Texas

Prefer Electrical Engineer with elec-
tronic background, between ages of
26 and 30, to do application and sales
work on aircraft electronic components.
Excellent opportunity for right man.

Write Mr. H. E. Beane, Vice President,
THE BRISTOL COMPANY

Waterbury, Connecticut

REPRESENTATIVES
Wanted

Far established national (‘o. Make contacts for
sub~contract and machining work throughous the
United States, Excellent potential.
WRITE MR. GIAGNI
Sterling Precision Corp.
17 Matineocock Ave., Port Washington, L. 1., N, Y.

ASSISTANT TECHNICAL DIRECTOR

Supervisa activities of 80 engineers and technicians
in the Research Laboratories of one of the most
progressive manufacturers of industrial and military
electronics. This is pure research and develop-
me;m Starting ealary $15.000. Company pays all
costs.

Monarch Personnel 28 E. lackson Boulevard
Chicago 4 1llinois

FOR ADDITIONAL INFORMATION
About Classified Advertising

Contact The McGraw-Hill
Office Nearest You

ATLANTA, 3
1301 Rhodes Haverty Bldg. JAckson 3-6951
M. MILLER
BOSTON 16
350 Park Square HUbbard 2-7160
D. J. CASSIDY
CHICAGO, 11
520 No. Michigan Ave. MOhawk 4-5800
W. HIGGENS E. S. MOORE

CLEVELAND, 13
1164 llluminating Bldg.

W. B. SULLIVAN

SUperior 1-7000
T. H. HUNTER

DALLAS, 1
1712 Commerce St., Vaughn Bldg.
Riverside 7-5117

GORDON JONES F. E. HOLLAND

DETROIT, 26
856 Penobscot Bldg. WOodward 2-1793

J. R, PIERCE

LOS ANGELES, 17
1125 W. 6 St.

P. M. BUTTS

HUntley 2-5450

NEW YORK, 36
500 Fifth Ave. OXford 5-5959
H. T. BUCHANAN R, P. LAWLESS
T. W. BENDER

PHILADELPHIA, 3
Six Penn Center Plaza

H. W. BOZARTH

LOcust 8-4330
T. W, McCLURE

ST, LOUIS, 8
3615 Olive St. JEfferson 5-4867

SAN, FRANCISCO, 4
68 Post St DOvuglas 2-4600

S. HUBBARD

« CONTACTS-

FOR THE FIELD OF
ELECTRONICS

"HOW TO MAKE MONEY

Mobile Radio Maintenance’

AUTHORITATIVE GUIDEBQOOK
ABOUT THE BOOM IN TWO-WAT KOBILE-RAOIO
GIVES FACTS. FIGURES, PAY RATES.

WRITE TODAY!

LAMPKIN LABORATORIES, INC, Instruments Div. BRADENTON, FLA

SEARCHLIGHT
SECTION

(Clossified Advertising)

BUSINESS OPPORTUNITIES

EQUIPMENT - USED or RESALE

DISPLAYED RATE

The advertising rate is $24.75 per inch for
all advertising appearing on other than a
contract basis. Contract rates quoted on
request. AN ADVERTISING INCH is
measured % inch vertically on one
column, 3 columns—390 inches—to a page.
EQUIPMENT WANTED or FOR SALE
ADVERTISEMENTS acceptable only in
Displayed Style.

UNDISPLAYED RATE

$2.40 a line, minimum 3 lines. To flgure
advance payment count 5 average words
as a line.

PROPOSALS, $2.40 a line an insertion.
BOX NUMBERS count as one line addi-
tional in undisplayed ads.

DISCOUNT of 109% {f full payment is
made in advance for four consecutive in-
sertions of undisplayed ads (not including
proposals).

PROFESSIONAL
SERVICES

WANTED:

ALLEN-BRADLEY

RESISTORS
POTENTIOMETERS
CAPACITORS
ANY VALUES and TYPES

LEGRI S COMPANY

391 Riverdale Ave. Yonkers 5, N. Y.

ERCO RADIO
LABORATORIES, INC.

Radio Communications Equipment

Engineering - Design - Development - Production
Our 30th Year in Air to Ground
Communication and Radio Beacons

Garden City ® Long Island @ New York

SURPLUS PARTS & SYSTEMS
Radar Set AN/FPS-4, Transmitter CDE 52362,
Radar Set AN/TRC-12, FM T-R T30/TRC8 230-
250MC, Magnetrons QK221, Height Indicator
CPS-6B, Radar FPS3, CPS-5, 714AY, Telephone
Carrier Systems CF2A & CF2B, X Band Radar
Set TPS/10D, Miscellaneous Electronic Surplus
and Scrap.

ELECTRO-TIMER, INC. Box S87 W. Caldwell, N.J.

— ® | MANUFACTURERS’
REPRESENTATIVES

IN THE ELECTRONIC INDUSTRY
CONTRACT RATES GIVEN ON
REQUEST. WRITE

ELECTRONICS

SAMUEL K. MACDONALD, INC.

manufacturers representatives over 25 years

1531 SPRUCE STREET, PHILA. 2, PA.
Other Offices:
Pittsburgh
Baltimore
Washington, D.C.

Territory:

Pennsylvania ® New Jersey
Deloware ® Maryland
Virginio ¢ West Virginio
District of Columbia

Your Inquiries to
Advertisers Will
Have Special Value . . .

—for you—the
the publisher,

service—more value—to YOQU.

advertiser—and
if you mention
this publication. Advertisers value
highly this evidence of the publi-
cation you recad. Satisfied adver-
tisers enable the publishers to se-
cure more advertisers and—miore
advertisers mean more informa-
tion on more products or better

SEARCHLIGHT Equipment
Locating Service

NO COST OR OBLIGATION

Thh serviee is aimed at helping you, the reader of

CSEARCHLIGHT to locate hurplus new and
used  eleetronic  equipment and components not
currently advertised. (This serviee is for USER-
BUYERS only).

How to use: (‘heck the dealer ads to see it what
you want is not currently advertised. It not, send
us the specifications of ‘the equipment \\ﬂnl(‘ﬂ on
the coupon bhelow, or on your own company letter-
head to:

Searchlight Equipment
Locating Service

c/o ELECTRONICS
P.O. Box 12, N. Y. 36, N. Y.
Your requirements will be brought promptly to
the attention of the cqnipment. dealers ad\'el_‘lming
in this section. You will receive replies directly
from them.

Searchlight Equipment Locating Service
c/o ELECTRONICS
P. O.Box 12, N. Y. 36, N. Y.

Please help us locate the following equipment
components.
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TUBE
PROBLEM:

When the 6AF4 tube
was replaced in UHF
TV tuners, servicemen
sometimes got a big
surprise. Reason: 54
the tubes were not |
standardized. and a

replacement was |
likely to bring in one

channel where another

should have been.

SONOTONE bl |
SOLVES IT: f

First, Sonotone set

up extremely tight
controls on all
materials going into
the 6AF4 components.
Second, Sonotone ,
used a more thorough | ol
exhaust process.

RESULT:

The Sonotone AF4 = |
family of reliable i
tubes has been =
accepted by the N I
industry as standard =
for initial production » '
and replacement. -

Let Sonotone help &
solve your tube I
problems, too.

Sonotone.:
Electronic Applications Division, Dept. TRR-89

ELMSFORD, NEW YORK |

Leactng makers of fine ceramic cartridges, speakers, micro-
phones, electronic tubes.

n Canada, contact Atlas Radio Corp., Ltd., Toronto
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