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Using 70,000-Mc interferometer to study plasma produced by
discharge of 100,000-joule capacitor bank described on p 59
Designing circuits for silicon-controlled rectifiers. See p 53
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Impedance Measurements

Nothing approaches the G-R Admittance Meter in simplic-
ity, ease of use, versatility, and accuracy for admittance, im-
pedance, and VSWR measurements at frequencies from 20
to 1500 Mc.

Its design is basic...three coaxial lines, one containing a
conductance standard, one a susceptance standard, and ome
for connection to the unknown, are fed from a voltage source

Type 1602-B
Admittance Meter...
$295

A tribute to the Admittance Meter's versatility is its use at Grumman Aircraft,
Bethpage, Long Island. Grumman engineers were faced with the problem of
making accurate measurements on developmental aircraft antennas without in-
fluencing, by their physical presence, the antenna’s radiation pattern or im-
pedance characteristics. As a solution, they mounted an Admittance Meter, a

Write For
Complete Information

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

at a common junction point. Each of the lines contains an
adjustable loop which samples the field within the line. In
making measurements, these loops are adjusted for a null
with the aid of an appropriate null detector. (G-R Type
DNT Detector recommended.) At null, the settings of the
conductance and susceptance loops times a multiplying fac-
tor established by a third loop gives the value of the unknown.

% WIDE FREQUENCY RANGE . , . 20-1500 Mc; direct reading from 41-1500 Mc;
useful for matching to 2000 Mc.
* DIRECT READING RANGES that are independent of frequency

Conductance: 0.2 to 1000 millimhos

Susceptance: =0.2 to =1000 millimhos
With 14-wavelength line between unknown and Meter, scales become direct
reading in Resistance from 1 to 50002, and Reactance from =1 to x5000Q.

* EASY TO USE. .. no sliding balances to chase . . . only three levers to adjust

* UNCOMPLICATED CONSTRUCTION guarantees long, reliable

operation and insures that basic =3% accuracy will be held indefinitely.

* SMALL, LIGHTWEIGHT, PORTABLE. . .. ideal for antenna
measurements

% A WIDE VARIETY OF ACCESSORIES available to extend
versatility:
Balun for measurements on balanced lines and circuits.
Component Mount for measuring circuit elements.
Terminations for measuring reflection coefficient.
Adaptors ranging from BNC to 31%-inch rigid line for

measurements with any connector system.
» Oscillators and detector systems for complete frequency
coverage.

v

ANY A

WAV R,

G-R Unit Oscillator, and DNT Detector System inside an aircraft model. Pull
cords connected to the Admittance Meter’s controls were run out to a remote
point where the operator could make his measurements without disturbing the
setup. By adjusting the cords and using a surveyor’s transit to read the instru-

ment scales, accurate measurements could readily be made.
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North Electric
opens a whole
new chapter
in control
switching for
communications

CIRCLE 2 ON READER SERVICE CARD

DATELINE 1960
new north solid state
switching technique
chosen for 412L air
weapons control system

In awarding the contract for the
design and manufacture of fixed
and mobile electronic communi-
cations and switching centers for
the U.S. Air Force,General Electric,
prime contractor for the “412-L"
project, selected North Electric
Company, recognizing that a major
technological breakthroughinelec-
tronic switching has been achieved
by North with the development of
a unique “Resonant Transfer’ tech-
nique for generating or detecting
pulses in Time Division Multiplex
Solid State Switching!

The adoption of this North con-
cept opens a whole new era in
communications, a whole new
chapter in the history of electronic
switching!

It is highly significant that with
this development the switching
art has reached the state of sophis-
tication demanded by new wea-
pons capabilities. It is equally
significant that this development
should come from the Company
whose history, over better than
three-quarters of a century, has
been one of continuous progress
and development in this field!

As future progress is made—as
man reaches further and further
into the unknown reaches of the
universe—leadership in the highly
demanding field of communi-
cations and control will continue
to come from

ELECTRONETICS DIVISION

NORTH ELECTRIC COMPANY

647 S. MARKET ST. GALION, OHIO
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ARNOLD:

WIDEST SELECTION OF
MO-PERMALLOY POWDER CORES
FOR YOUR REQUIREMENTS

For greater design flexibility, Arnold
leads the way in offering you a full
range of Molybdenum Permalloy
powder cores . . . 25 different sizes,
from the smallest to the largest on the
market, from 0.260’/ to 5.218"’ OD.

In addition to pioneering the de-
velopment of the cheerio-size cores,
Arnold is the exclusive producer of
the largest 125 Mu core commercially
available. A huge 2000-ton press is
required for its manufacture, and in-
sures its uniform physical and mag-
netic properties. This big core is also
available in three other standard per-
meabilities: 60, 26 and 14 Mu.

A new high-permeability core of
147 Mu is available in most sizes.

These cores are specifically designed
for low-frequency applications where
the use of 125 Mu cores does not result
in sufficient Q or inductance per turn.
They are primarily intended for appli-
cations at frequencies below 2000 cps.

Most sizes of Arnold M-PP cores
can be furnished with a controlled
temperature coefficient of inductance
in the range of 30 to 130° F. Many
can be supplied temperature stabilized
over the MIL-T-27 wide-range speci-
fication of —55to 4-85°C . . . another
special Arnold feature.

Graded cores are available upon
special request. All popular sizes of
Arnold M-PP cores are produced to
a standard inductance tolerance of +

or —8%, and many of these sizes are
available for immediate delivery from
strategically located warehouses.
Let us supply your requirements for
Mo-Permalloy powder corcs (Bulletin
PC-104C). Other Arnold products in-
clude the most extensive line of tape-
wound cores, iron powder cores, per-
manent magnets and special magnetic
materials in the industry. ® Contact
The Arnold Engineering Co., Main
Office and Plant, Marengo, 1llinoss. .

ADDRESS DEPT, E-8

#ARNOLD

"""" SPECIALISTS in MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL
CITIES » Find them FAST in the YELLOW PAGES
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CROSSTALK

NEW ON THE MARKET. Important characteristic of the electronics
industry is the stream of new products that flows almost continuously
from plants all over the world. When an electronics engineer asks “What’s
new?” he often means “What can I buy to solve my most recent design
problem ?”’

Our New on the Market department is very popular with readers. The
lead items in particular are carefully selected by the editors from the
200 or more we hear about every week. Few of them are more than a
day or two old at press time; for example: as we write this, new products
descriptions for this issue have not yet been written.

It will pay to watch the New On the Market department closely.

PLASMA RESEARCH. A capacitor bank is one of the main compo-
nents needed to produce a plasma with the necessary confinement fields
for experimental studies. The 100,000-joule capacitor bank described in
this issue by R. Buser and P. Wolfert of U.S. Army Signal Research and
Development Laboratory is being used at the S plasma facility of
USASRDL’s Exploratory Research Division. Design and construction of
the capacitor bank were aimed at obtaining wide applicability, maximum
safety and reliable components; the bank was to be usuable for producing
high magnetic fields and high-temperature plasmas.

ISLAND INDUSTRY. Puerto Rico, long of strategic value to U. S.
defense operations, is now becoming increasingly important in the elec-
tronics industry. West coast U. S. firms in particular are finding value
in making their wares on this Caribbean island and shipping them to
east coast markets.

In addition to this, tax benefits, lower overheads and cheap land are
helping to spur growth of the island’s electronics industry. U. S. firms,
with the aid of the Puerto Rican Economic Development Administra-
tion, are finding it easy to locate their new plants on the island. Asso-
ciate Editor Emma has been talking facts and figures with Administra-
tion spokesmen. To learn what they told him, see p 32.

Coming In Our August 12 Issue

WESTERN ELECTRONICS. The approach of the Wescon meeting
has become a time for reviewing the growth of western electronics
industry and looking ahead to future developments. Indications are that
this year will show no let-up in the phenomenal growth that has marked
the past 11 years.

Next week, Pacific Coast Editor Hood reports the latest sales and
employment data for the 11 western states and fills you in on some of
the new developments there in electronics. You’ll learn, for example,
about progress in cryogenic gyroscopes, an X-band ruby maser, a compact
ferrite isolator for uhf and advances in hardware for learning machines.

MORE. Other interesting feature material to appear next week
includes: a discussion about circuits using cadmium-sulfide field-effect
transistors, by R. R. Rockemuehl of General Motors Research; an analog
multiplier which uses time as one variable, by T. R. Hoffman of General
Electric; a telemetry system for frozen food quality studies, by R. H.
Elsken of Western Region Research, and a helical resonator design chart
by W. W. Macalpine and R. O. Schildknecht of ITT.

electronics




A Pair of Smoothies For
Series Regulator Service

The Raytheon CK6336A and CK6528 are mechanically rugged, long-
life twin power triodes. They are designed to handle large currents over
a wide voltage range and at high temperatures in regulated power sup-
plies. Zirconium coated graphite anodes, ceramic insulators, gold
plated molybdenum grid wires, and hard glass envelopes are some of
the advanced design features of both types.

Stringent power supply regulation requirements are no problem for
these “smoothies.” Get full technical data on the CK6336A and
CK6528 as well as Raytheon’s expanding line of high voltage rectifiers,
pulse modulators, and transmitting types. Please write to: Raytheon,
Industrial Components Division, 55 Chapel St., Newton 58, Mass.

For Small Order or Prototype Requirements See Your Local Franchised Raytheon Distributor.

RATINGS
Max. Plate | Max. Plate Dissipation | Max. Plate Current | Amplification
Voltage Watts {per plate) Factor
CKG6336A 400 2 x 30 400 mAdc 2.7
| CK6528 400 2 x 30 300 mAdc 9

RAYTHEON COMPANY

INDUSTRIAL COMPONENTS DIVISION
CIRCLE 5 ON READER SERVICE CARD

RAYTHEON
CK 6336°A

MADEINU.SA

RAYTHEON 280”7
CK 6528~ go18”

MADE IN USA

RAYTHEON
CK6336A
~ AND
CK6528
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still waiting for your pots?

Are your pot delivery schedules figured in weeks instead of days?
If you're a member of the Pot Waiter's Club, read on:

At ACE, we fully inventory all parts for our complete standard
linel And when a pot has to be made from scratch — we cut time
there, too. All raw materials are warehoused, and a complete
machine shop. including Swiss screw machines, is maintained. Our
special prototyping department lops the time off
special requirements.

Prepared engineering releases and part prints for
standard pots await your incoming order. That's wby.
within hours after receipt, your order for standards
is into manufacturingl So specify from Ace’s com-
prehensive line of standards, in full resistance ranges,
sizes. configurations and functions. Your “special
spec” is probably among our standard line — and
that means time and money saved for you]

This 1-1/16” ACEPOT®, typifying the entire standard line, is
available on prompt delivery!

ELECTRONICS ASSOCIATES, INC,
99 Dover Street, Somerville 44, Mass.
SOmerset 6-5130 TMX SMVL 181 Waest. Union WUX

S
/—” Acepot® Acetrim® Acesot® Acsohm® *Reg. Appl. for

(See us at WESCON — Booth 924-925)
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COMMENT

Electronics in Japan

Congratulations on your excellent
article “Electronics in Japan,” in
the May 27 issue of ELECTRONICS
(pb3) ...

HowARD F. VAN ZANDT
INTERNATIONAL STANDARD ELECTRIC
TOKYO, JAPAN

The special report on Elec-
tronics in Japan has roused un-
usual interest. On p 71 (May 27)
is shown a series of automatic ma-
chines used to print silver paste
on ceramic wafers, in which we
were especially interested . ..

V. A. KAMIN
CENTRALAB
MILWAUKEE

Ions and Health

I was most interested in your
article “Ions Affect Health, Be-
havior,” which appeared in the
Feb. 26 issue, p 45. At this insti-
tute we are also conducting several
experiments concerning the effects
of atmospheric ions on human sys-
tems, and we are quite interested
in learning of other work being
done in this field ...

JOHN RHEINSTEIN
INSTITUT FUR TECHNISCHE

ELEKTRONIK

MUNICH, GERMANY

In view of the interest which
your article raised and the com-
ments on it, I am sending you a
copy of an article published in the
Boston Globe July 10. ..

CHARLES G. HATAY

MANCHESTER-BY-THE-SEA, MASS.

The newspaper article spread
across the whole page under the
headline “What Radiation Can Do
to Your Behavior,” and described
much of the same subject matter
as covered in our February article,
Dr. Hatay was quoted in the
article as believing—among other
things—that negative ionization of
the air could cut the divorce rate,
improve morale and industrial
productivity, increase the willing-
ness of students to learn. Maybe
somebody should install a nega-
tive-ion source in the halls of the

electronics



LA 8 FLUSH-MOUNTING

""""

Exclusive convenience features are added
to industry-proved recording performance

The NEW flush-mounting recti ‘riter and servo, riter recorders (single, dual,
and wide channel) contain these operating conveniences, while retaining the
reliability and performance characteristics of the proved TI portable recorders.

1. Chassis rolls out and quickly disconnects for maximum ease of
installation, adjustment or servicing.

2. Illuminated scales and pointers maintain high readability regardless
of room light level.

. Fingertip releases for chassis roll-out and swing-open chart carriage.

Flexible wide range zero adjustment on recti/riter recorder. One-half
span of calibrated zero suppression provided in cach direction.

Four-position switch provides off-on, in. hr., standby, and in./min.
Chart speed change gears provide 10 standard speeds.

Swing-open chart carriage permits casy paper loading and adjustment.
Simply lift up to remove carriage. Advanced design eliminates chart
drive gear train lash . . . gives better paper position accuracy.
Interior design provides flexibility and adequate space to add special
functions with ecasc.

9. Dust tight case has key lock available for limited access. Dimensions:

servo/riter
recorder

NOo O h oW

.

Single recorders—1112” W., 121" H., 16” D.; Dual recorders— vecti/riter
163”7 W., 1213” H., 16" D. recorder
10. Panel may be easily modified to permit paper feed through bottom
of door. Vo
Write for complete information . ¢ ¢ *A Trademark of Texas Instruments

TEXAS INSTRUMENTS

INCORPORATED
GEOSCIENCES & INSTRUMENTATION DIVISION
3609 BUFFALO SPEEDWAY ¢ HOUSTON 6, TEXAS

CIRCLE 7 ON READER SERVICE CARD
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CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND

Transistor
Choppers

:'/ T

Airpax produces an extensive line of transistor
choppers. They are characterized by the same
compliance to rigid standards that has made
Airpax the unquestioned leader in the electro-
mechanical chopper field.

Low null outputs, phase = =
angles of approximately
zero degrees, and sym-
metrical dwell times of
nearly 180°, are character-
istics of all Airpax transis-
tor choppers. Drive power .
requirement is low and
may be either sine or
square wave.

Listed below are represen-
tative types. ~2

Characteristic

6010 Sub-miniature
*6025 High voltage 50 CPS to 5 KC
*6045 | High temperature| 50 CPS to 5 KC

Frequency Temperature
Range Range
DC to 100 KC | — 40 to 4+ 85°C

0to 4+ 55°C
— 5510 + 125°C

*Self contained drive transformer

Bulletin C-61 available on request.

e

ELECTRONICS
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UN—in the Capito} building and
the Kremlin too, for that matter.

Employ the Handicapped

I am sending you a print of the
new “Employ the Handicapped”
postage stamp. I believe you can
benefit American business and in-
dustry by publicizing this stamp,
because it has been found that
physically handicapped workers
can be particularly industrious,
faithful and efficient employees,
with below-average absenteeism
and accident records.

The stamp itself will be blue,
will be released on Aug. 28 to co-
incide with the opening at New
York’s Waldorf Astoria Hotel of
the first world congress ever held
in the U.S. by the International
Society for the Welfare of Crip-
ples. It will be printed on Cottrell
presses in sheets of 50, electric-eye
perforated. Its central design shows
a man operating a drill press from
a wheelchair.

Your readers can place advance
orders for the stamp with their
local postoffices. This will give
the Post Office Department an ink-
ling as to whether or not it needs
to print more than the 120 million
now planned. . . .

EpwIN D. FOWLE
PRESIDENT’S COMMITTEE ON
EMPLOYMENT OF THE PHYSI-
CALLY HANDICAPPED

electronics



ELECTRONICS NEWSLETTER

Polaris’ Success Sparks
More New Contracts

FLUSHED BY SUCCESS of the under-
sea Polaris shoot, Navy last week
let a number of new contracts.

Northrop copped a $28-million
order for design and production of
electronic gear for Polaris. Included
in the work are automatic checkout
systems, gyroscope gear, radio-
metric sextants for the submarine
launchers.

Remote-control guidance for
Navy’s drone antisubmarine heli-
copter (Dash) program will be
built by Babcock Radio Engineer-
ing under $2.7-million contract.

Doppler navigation gear for
Lockheed P3V-1 antisubmarine air-
craft will be built for Navy by
Ryan Electronics. The Ryan dop-
pler gear will be tied in with iner-
tial systems being built by Litton
Industries.

The other services were active
too. Air Force bought two high-
speed data-processing systems
from Beckman Instruments for $1.1
million, will use them to translate
information from various satellites
into common machinable language
in standard format. Systems will
also control data flow.

Autonetics division of North
American Aviation has subcontrac-
ted $6.7-million worth of R&D inci-
dent to the Minuteman ICBM pro-
gram. General Electric got $1.4
million for development of silicon
transistors and $2.4 million for de-
velopment of solid electrolytic slug
capacitors and tantalytic foil capa-
citors; International Resistance
Co. got $1.7 million for development
of metal film resistors; and
Sprague Electric got $1.3-million to
develop solid tantalum electrolytic
capacitors.

Microwave May Unlock
Vast Oil Reserves

MICROWAVE HEATING system to li-
quify viscid petroleum trapped in
oil-bearing rock is under develop-
ment at Raytheon. A deep pene-
trating beam, produced by a micro-
wave generator inserted in the well,
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will liquify the molasses-like oil
and permit it to be pumped to the
surface. Geologists claim a 20-deg
rise in temperature in a two-foot
area around the well bore will be
enough to let them pump the oil out.

Government reports estimate
that these previously inaccessible
oil reserves add up to seven times
the world supply considered eco-
nomically recoverable up to this
time. In the U. S. alone there are
182 billion barrels out of the reach
of conventional techniques.

A microwave radiator 6 in. in di-
ameter and 20 ft long, powered by
a 5-t0-10-Kw generator on the sur-
face, will be lowered into a 3,500-ft
deep Montana oil well this summer
for preliminary field tests.

Court Invalidates
Magnetic Patent

MAGNETIC-RECORDING patent gov-
erning use of synthetic ferroso-
ferric oxide and synthetic gamma
ferric oxide, and covering certain
methods of producing oxides and
using them on magnetic tape, has
been invalidated by the courts.
U. S. Court of Appeals for the Sev-
enth Circuit (Chicago) last month
upheld earlier court decisions that
patent 2,694,656 is invalid, because
the subject matter had previously
been disclosed in other patents and
publications.

Patent in question had been is-
sued to Marvin Camras and as-
signed to Armour Research Foun-
dation. ARF had licensed it to
Minnesota Mining & Manufactur-
ing, giving MMM exclusive right
to grant sublicenses.

Sending Radioteleprinter
Signals Through Earth

NEAR CARLSBAD, N. M., last week, a
150-Kc¢ radio transmitter sent 60-
wpm teleprinter traffic 4% miles
through a salt substratum 1,000 ft
below the surface of the earth.
First traffic was a message ad-
dressed to President Eisenhower.
The system was operated by
Deeco Corp. of Leesburg, Va. The

antenna was an electromagnetically
coupled loop in an abandoned pot-
ash mine. In practice, the antenna
would be set in an 8-in. diameter
drill hole.

The system is immune to inter-
ception and to atmospherics. Ex-
periments with low-, medium- and
high-frequency carriers have dem-
onstrated that attenuation in-
creases with frequency. Although
traffic can be handled somewhat
faster than 60-wpm, the system is
described as having a moderate
data rate.

Detector to Warn of
Nuclear Explosion

PHOTOELECTRIC DETECTOR that re-
sponds to the flash of a nuclear
blast will activate emergency de-
vices at ICBM bases in the event
of surprise attack. The device, de-
veloped by Tecto Electronics, Spok-
ane, Wash., consists of a single
monolithic photovoltaic cell, sensi-
tive only to light intensities greater
than sunlight.

The device will operate a relay
which sends out an alarm, closes
blast doors and ventilation system
intakes. Similar devices are sug-
gested for civil-defense use to turn
off water mains, gas lines, and
power distribution facilities.

Thermoelectric Generator
To Run Weather Station

AUTOMATIC NUCLEAR - POWERED
weather station for use in remote
areas will be built by Martin Co.
Spokesmen for the Baltimore com-
pany say the device will monitor
temperature, wind speed and direc-
tion, and barometric pressure, will
be capable of transmitting data for
two years without refueling. Data
will be continuously processed, and
every three hours a burst of infor-
mation on local weather conditions
will be transmitted to a manned re-
ceiving station several hundred
miles away.

Electrical energy will be supplied
by a small thermoelectric nuclear
generator similar to Martin’s Snap
series (ELECTRONICS, p 11, July 8).
System is scheduled for completion
in early 1961.
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org 1300 Series Direct-
Reading Microdials are worth looking into.
Designed for high-speed operation, these turns-
counting dials perform at speeds of 6,000 counts

per minute. Three, four and five digit models. Indexed

accuracy is one part in a thousand. Compact design requires

minimum control panel space. Dust sealed . . . meet

military specifications. Large, one-piece, sealed window

curved to provide wide-angle viewing. Complete data
is on catalog sheets BED-A135 and BED-A136.

See your Borg technical representative, distributor

or write us today. Borg Equipment Division,

Amphenol-Borg Electronics Corporation, ‘

Janesville, Wisconsin. Phone Pleasant 4-6616. BORG®

Micropot Potentiometers ®  Turns-Counting Microdials

12
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Sub-Fractional Horsepower Motors ®  Frequency and Time Standards
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This is the First Announcement of our New Line of Hermetically Sealed Metal Film
Resistors, which will operate for prolonged periods when subjected to severe moisture
exposure. Tested in accordance with Method 106 A of MIL-STD 202 A, the change in re-
sistance on an average is less than 0.1%! This new hermetically sealed MH type resistor
offers high stability under thermal shock or load, precise resistance temperature char-
acteristics, optimum DC resistance at very high frequencies, and gives reliable perform-
ance under intense radiation concentration. ® These characteristics of performance have
been made possible through the use of erystalline alpha aluminia substrate and sleeves
with matched linear and thermal coefficients of expansion, and the inner protection of

Electra’s exclusive R-eliability epoxy dip-coat which further assures rapid heat dissipa-
tion and acts as a deterrent to moisture penetration.

ELECTRA’S

new metal film
hermetically
sealed
resistor
that’s
moisture
resistant

f: ﬁz Please Write Us for Detailed Specifications and Test Results.
MANUFACTURING COMPANY — 4051 BROADWAY, KANSAS CITY, MO.
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Cut, bend
axial leads

AUTOMATICALLY,
INSTANTLY

on diodes,
resistors, etc.

Bend-Amatic

Component Dispenser

Sample configurations

q=|:l]]=f=|:l]]=
FC[[PFI:D}

If just one of your production peo-
ple repetitively cuts and bends 25
component axial leads to the same
dimension, you are economically
entitled to investigate the Benda-
matic Dispenser. 3-DAY FREE
TRIAL pay freight only; keep z{
satisfied; otherwise send bac
without obligation to buy.

Cuts, bends, feeds up to 6 com-
ponents in predetermined order for
instant placement in chassis, ter-
minal board, printed circuit. Ideal
for production line use, or pre-
forming components for inventory.
Bench-top mounting ; automatic or
manual operation. Six bins, 48"
storage capacity. Precision manu-
facture, simple, dependable.

Lead-to-lead Accuracy: * 0.003”
Lead length: 0" to 1”
Setup Time: 20 to 30 seconds

DEVELOP-AMATIC EQUIPMENT

Avtomatic Mochines for Cost Reduction
4062 Fabian Way, Palo Alto, Calif.
DAvenport 1-3376

Represented by:

Abbey Electronics, Downsview, Ontario, Can-
ada. W. A. Brown and Co., Orlando, Indian
River, Fla.; Huntsville, Ala.; Alexandria, Va.;
Winston-Salem, N. C.; Towson, Md. The EMF
Compang, Chicago, 11l. Arthur T, Hatton, West
Hartford, Conn., Newtonville, Mass. G. S. Mar-
shal! Company, San Marino, Redwood City, San
Diego, Calif.; Scottsdale, Arizona. The I. E
Robinson Co., Upper Darby, Camp Hill, Penn.;
Asbury Park, New Jersey. S. Sterling Co.,
Detroit, Michigan, Cleveland, Ohio, Pittsburgh,
Penn,

CIRCLE 14 ON READER SERVICE CARD

WASHINGTON OUTLOOK

SUBSTANTIAL INCREASE in defense spending seems probable no matter
who wins the election in November.

Sen. John F. Kennedy (Mass.), the Democrat presidentiai nominee, is
committed to jacking up military expenditures. One of the major planks
in his party’s platform deplores alleged inadequacies in U. S. military
power and calls for accelerated efforts in just about every important
defense program. The Senator has talked about boosting the defense
budget by $2.5 billion to $3 billion annually.

Now, Republican standard-bearer Richard Nizon seems also to have
embraced the idea that fiscal considerations must not limit the Pentagon’s
budget, and that there are serious deficits in many key areas of military
preparedness. Up to mow, Nixon has stood by President Eisemhower’s
argument that the nation’s defense posture is adequate and that large
hikes in military spending are dangerous if they threaten the national
economy.

Likeliest beneficiaries of any Pentagon budget increase are the ICBM
projects; Navy’s Polaris program; an airborne bomber alert; antisub-
marine warfare: reconnaissance and warning satellites; modernization of
Army forces, with stress on ground communications. Clamor of the
military professionals has been loudest for extra funds for these
programs.

MEANTIME, RIGID RESTRICTIONS are still clamped on the defense budget.
The armed services have been instructed to prepare budget requests for
fiscal 1962 within current spending levels. As in the past, efforts to hold
expenditures at a steady rate in the face of continually rising hardware
costs mean that some projects will have to go (as Corvus went last week;
see ELECTRONICS, p 14, July 29).

The administration’s effort to prepare a budget at this year’s rate of
spending could be easily undone. In January 1953, for instance, the new
Defense Secretary, Charles E. Wilson, lopped $5 billion off the appropria-
tion request drafted by his predecessor just before it went to Congress.
A Kennedy administration could just as easily beef up the budget this
time.

If elected, Kennedy would be allowed to watch over Eisenhower’s
shoulder during November and December as the finishing touches are
put on the appropriation request. In case of a Republican victory, Nixon
would probably present the Eisenhower budget to Congress, then prepare
a supplemental request later on.

INSPECTION TEAM from the Air Materiel Command recently visited seven
major defense plants to determine how contractors are adhering to
recently revised Air Force regulations on cost estimates and pricing
techniques. Rules had been tightened up to bar inflated cost estimates
and excessive charges disclosed by recent reports of the General Account-
ing Office.

In four of the plants, the inspectors said, unrealistic overhead costs
were being charged to the Air Force. Three plants were charged with
making “inflated materiel estimates.” Three allegedly had no established
estimating system to audit costs submitted by major subcontractors. Two
companies, the Air Force says, refused to submit cost breakdowns to
justify estimates. Only one firm is said to have submitted price exhibits.
None were reported to have considered unit cost reduction benefits from
large-scale production runs.

Gen. S. E. Anderson, AMC’s commander, reported the findings in a
scorching letter sent to Electronic Industries Association and to several
large electronic contractors. Anderson complained of “inadequate pricing
techniques,”’ urged “more aggressive management”.

electronics
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Approximately actual size

This 3 1bs. of transistorized
new AC amplifier gives you 20
or 40 db gain, increases scope
or VIVM sensitivity 10 or 100!

This new % 466A AC Amplifier is just 4”
high, 6” wide and 6 deep. Yet it can become
one of the most helpful instruments on your
bench, or in the field. It is ac or battery pow-
ered; battery operation gives you hum-free
performance and easy portability. Response
is flat within approximately 14 db over the
broad range of 10 cps to 1 MC, distortion is

less than 1%, and gain is stabilized by sub-
stantial negative feedback to virtually elimi-
nate effects of transistor characteristics and
environment,

For a demonstration on your laboratory or
field application, call your & representative
or write direct.

Specifications v
Gain: 20 and 40 db, +0.2 db at 1000 cps. Distortion: Less than 1%, 10 to 100,000 cps. i
Frequency +0.5 db, 10 cps to 1 MC; Power: Ac line power normalily supplied,
Response: +3 db, 5 cps to 2 MC. blut bg’_ttery operation available.

v s K 500 ohms. (12 radio_type mercury cells
2“?"“} oltage §55 v rms acrfoss ld t O. > battery life about 160 hours:)
oise: 100“8'05"3§J1es%ﬁ$cc o input, Specify battery operation if desired.
% * i i . ” \wi ” Ri
input Impedance: 1 mego_hm shunted by 25 uuf. e %igm?gbérc?xl.gg'lgls/f” deep:
Output Impedance: Approximately 50 ohms. Price: $150.00 f.0.b. factory. (Either ac
Data subject to change without notice. or battery operation.)

HEWLETT-PACKARD COMPANY
1027 A Page Mill Road, Palo Alto, California, U.S.A.
Cable "HEWPACK" ¢« DAvenport 6-7000

.
(hn)

HEWLETT-PACKARD S.A.
Rue du Vieux Billard No. 1, Geneva, Switzerland
Cable "HEWPACKSA" « Tel. No. (022} 26. 43. 36

/

Field Representatives in aoll principal areas

Auvgust 5, 1960
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There’s a BEATTIE OSCILLOTRON*

for every oscilloscope recording need
.

DIRECT VIEW Provides a

direct, binocular view of the CRT
K -5 Dichroic mirror permits simul- while recording. Non-reversed image.
taneous recording and parallax-free Uses Polaroid® Land back. Records
viewing. Available with Polaroid® up to 10 exposures on 1 frame.
Land back for 60 sec. prints. Re- Electric shutter actuator optional.
cords up to 10 traces on a single Also available in electricaily-pulsed
frame. Or can be equipped with or continuous-motion 35mm or
either 35mm electrically-pulsed or 70mm models. Camera swings back,
continuous-motion magazine. f'1.9 lifts off. /1.9 standard or flat.
standard or flat-field lens. field lens.

KD -5 Best for special lab situa-
tions requiring simultaneous re-
cording of CRT phenomena and
identifying data. Written informa-
tion, counter and 24 hour clock can
all be recorded on same frame.
Electric camera with Automatic
35mm pulse or continuous-motion
magazine. Dichroic mirror for simul-
taneous viewing. No parallax.

«‘PoLAROID‘®) BY POLAROID CORP.
*Trade Mark

When it comes to recording oscitloscope traces, there’s  neering and precision craftsmanship that have made
only one thing to remember, Beattie Oscillotron. Each Beattie the leader in the industry. Which Oscillotron
of the three models shown here is designed for a is best for you? Tell us your needs and we’ll help you
special purpose. Each embodies the advanced engi- decide. Write or phone today for full information.

B BEATTIE- See us at Wescon—Booth 2307
(@Y COLEMAN i |

1000 NORTH OLIVE STREET, ANAHEIM, CALIFORNIA ¢« BRANCH: 437 FIFTH AVENUE, NEW YORK, N. Y.
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MOST
 ADVANCED
" (PERATIONAL
“WLECTRONIC
WARF
STSTEN'
FOR OUR .

ARMED -
FORCES

The most potent airborne Countermeasures
Equipments yet devised are being produced in
quantity by Hallicrafters for our military air-
craft. Teamwork with our armed forces con-
tinues to pay off for America-in more effective,
more economical electronic warfare systems.

hallicrafters (1) company

Military Electronics Diy
Chicago 24, Illinoi



“There is but one
lamp by which our
steps are guided—the
lamp of experience”

-Patrick Henry
For more than a quarter
century, Hallicrafters has
worked in close partnership
with our armed forces on fast
solutions to critical military
electronics problems. Out of
this priceless experience
are emerging startling new
ideas and hard-hitting, fast-
moving techniques to keep
our country one jump ahead
in electronic warfare. ..

f - W\
icrafters &
Wide. BlucSrreak Bgject

New levels of speed and efficiency are being reached in equipment moderniza-
tion, retrofit and technical support programs with Hallicrafters’ radical new
“Blue Streak’ project. Specially-trained Maintenance and Technical Support
Teams, close-knit and flexible, can be tactically deployed to accomplish main-
tenance, installation and testing of electronics weapons systems anywhere in
the world.

Hallicrafters participation in the Atlas missile project helped to develop capa-

bility for many areas of the complex missile field, including code transiator
data systems; ground support equipment; ECM testing and antenna systems.
Current explorations involve latest Infra Red technigues.

Hallicrafters communications leadership is exempiified by new high frequency
Single Sideband receiver, (model no. S.W.E.). 10097 modular design permits simple
modification for compatability with existing and future communications systems.
Stability, with proper available plug-ins, is better than one part in 10,000,000 per
month.Hallicrafters also offers an existing capability in receiving and transmitting
techniques up to frequencies of 50,000 megacycies.

Airborne antennas and micro-wave components with power capability in excess

of 1,000 watts, can be made available to solve tomorrow’s very high power
handling requirements. Testing of microwave components is possible with
special high power generators, designed and built by Hallicrafters.

For further information on Hallicrafters facilities and experience in mil-
itary electronics research, development and production, please write to:

hallicrafters (}) company

Military Electronics Division, 4401 W. 5th Ave., Chicago 24, lll.

Looking for a challenging new opportunity? We are inter-
ested in qualified engineers at all leveis. For full details in confi-
dence, contact William F. Frankart, Director of Engineering.



FINANCIAL ROUNDUP

Gulton Buys L. I. Company

MERGERS AND ACQUISITIONS this
quarter are continuing at the same
brisk pace that has characterized
much of the financial activity of our
industry’s history. Here are some
current examples:

Gulton Industries, Metuchen, N. J.,
reports acquisition of year-old
Systems Research Group, Inc,
Mineola, N. Y., for an undisclosed
price. The Long Island firm, which
specializes in advanced analytical
research and problem solution wil}
continue to remain under the di-
rection of its founder, H. N.
Shapiro. L. K. Gulton, president
of the company bearing his name,
says SRG will continue to serve
industry and government clients
on a fixed time and price basis in
data processing, computer pro-
gramming and research, and will
in addition employ its abilities to
develop new products and extend
applications of existing Gulton
equipment.

Avien Inc., Woodside, N. Y., has
received the green light from its
directors to acquire Electrol Inc.,
Kingston, N. Y. Leo Weiss, Avien
president, says the Electrol trans-
action, combined with other de-
velopments of the past few months,
should boost combined company
sales over the $10-million mark.
For the nine-month period ended
Mar. 26, sales were $3,958,000.

Daystrom Inc., Murray Hill, N. J,
has acquired the assets of Wiancko
Engineering Co., Pasadena, Calif.
for an undisclosed amount. The
West Coast firm, founded in 1946,
makes instrument systems and
transducers for measurement and
control. Its present sales are run-
ning to about $5 million a year.
Daystrom sales are reported in
excess of $90 million annually.

Martin Company, Baltimore, an-
nounces acquisition of a substan-
tial though undisclosed amount of
interest in Nuclear Corporation of
America. George M. Bunker, Mar-
tin board chairman, says the com-
panies have a common interest in

August 5, 1960

the nuclear and electronics fields
and that a close working relation-
ship betwen the two companies is
desirable.

Missile Dynamics Corp., Los An-
geles, has been acquired by Lancer
Industries, Inc., Mineola, N. Y.,
by an exchange of stock. The 15-
year-old California company will
operate as a subsidiary of the
Long Island firm, which manufac-
tures fiberglass swimming pools.
Lancer’s first quarter sales this
year were in excess of $12 million.
Missile Dynamies sales for 1959
were $2 million with about 80 per-
cent in government contracts.

Instruments for Industry, Hicks-
ville, N. Y., manufacturer of coun-
termeasures systems and related
components, has purchased the
assets of George Rattray & Co.,
Richmond Hill, N. Y. Equipment
has already been moved to Hicks-
ville from Richmond Hill, says
IFI president E. H. Swanson. The
move is expected to add $750,000
to company volume in the first
year. IFI net sales in 1959 were
$2,489,320.

25 MOST ACTIVE STOCKS
WEEK ENDING JULY 22, 1960
SHARES
(N 100°5) HIGH

LOW CLOSE
Avco Corp 1,589 15Vs 14 1434
RCA 1,476 65V 48%% 6014
Gen Electric 1,035 89% 79 8034
Ampex 840 36% 3354 34
Gen Tel & Elec 832 293 281, 2812
Sperry Rand 720 3%  22v. 225
Int't Tel & Tel 580 40% 373 38
Gen Inst 511 45% 383 393
Westinghouse 501 57% 528 53
Standard Kollsman 451 s A% 2318
Collins Radio a2 63% 5856  59%
Philco Corp 420 % 2B B
Raytheon 392 41  38% 39%
Victoreen Inst 378 1518 13% 14,
Litton Ind 369 84% 78 8034
Fairchild Camera 340 1743 16012  163%a
Gen Dynamics a7 43% Ay A3
Zenith 302 12015 11012 110%
Int'l Resistance 298 3% 29% 30
Univ Controls 286 16 4% 14
Varian Assoc 285 57%  S544  55%
Cohu Electronics 266 10% 9 9%
Burroughs 257 362 34 341,
Beckman Inst 253 88% 814 8%
Siegler Corp 239 3512 32, 33

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., investment
bankers.

Graphite Facts

by George T. Sermon, President
United Carbon Products Co.

Accurate “Quotes” Rate
Realistic Quantities

You might say that preparing quo-
lations is simply part of the cost of
doing business. That’s right —
but, it’s good to remember that
the cost of doing business ulti-
mately affects the cost of any sup-
plier’s end product.

In our business of producing graph-
ite parts for semiconductor proc-
essing, the preparation of quotations
for various quantities is a very
complicated and time-consuming
operation. Each new assignment is
a new experience. We must be com-
petitive -— we must be accurate —
and we must be able to stand be-
hind our quotations. We’ve never
yet had to call a customer back to
tell him our figures were a little
off and we just couldn’t deliver at
the quoted price.

Based on actual buying practices,
however, some requests to quote are
much more optimistic than realistic.
Prices are requested for quantities
about which there is curiosity, but
no real need. Developing these un-
realistic quoles ultimately adds to
the price of the end product.

Working together — on accurate,
realistic quotes—we can save money
for each other. May we have the
pleasure of quoting on your graph-
ite needs . . . right now?

ULIREY'N carbon products co.

BOX 747 BAY CITY, MICHIGAN
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Oscillogram shows

ac output of special

Sola Constant Voltage

3 FV 4 Transformer which feeds
/ power supply’s rectifier. Wave
! ! shape is nearly square, permitting
V conservative loading of rectifier —

considerably simplifying ripple filtering.

Square-wave output of special transformer gives
high efficiency in Sola’s regulated dc power supply

Sola engineers (men with a keen eye for a trim wave
shape) designed a special constant voltage transformer
having nearly a square-wave output. Then they linked
the transformer with two other components to produce a
regulated dc power supply which has notable efficiency.

They fed the regulated output of this transformer into
a semiconductor rectifier . . . the low-peak characteristic
of the square wave results in a conservative loading on
the economical rectifier assembly. It can deliver con-
siderable amounts of current as long as you don’t over-
voltage it—and over-voltaging just doesn’t happen when
the input to the rectifier is Sola-regulated to within +1%,.

The rectified voltage feeds into the third component
in this happy combination—the high-capacitance filter.
The capacitor’s filtering job is made easier because the
rectified square wave contains a comparatively small

amount of ripple. Final dc output from the filter has
less than 197 rms ripple . . . for many applications there
is no need for a voltage-dropping, efficiency-cutting
choke coil.

The Sola Constant Voltage DC Power Supply has
output in the ampere range, regulates within =19, even
under =109, line voltage variations, and is suitable for
intermittent, variable, and pulse loads. It has low output
impedance, is very compact, and provides about all you
could ask for in maintenance-free dependability.

Hundreds of ratings of these dc power supplies have
been designed and produced to meet widely varying
electrical and mechanical requirements of equipment
manufacturers. In addition, there are six stock variable-
output models and six stock fixed-output models with
ratings from 24 volts at six amps to 250 volts at one amp.

For complete data write for Bulletin 7H-DC

2

O
—
>

A DIVISION OF

’

_CONSTANT VOLTAGE TRANSFORMERS | REGULATED OC POWER SUPPLIES | MERCURY LAMP TRANSEORMERS | FLUORESCENT LAMP BALLASTS

BASIC PRODUCTS CORPORATION

SOLA ELECTRIC CO., Busse Rd. at Lunt, Elk Grove, lllinois, HEmpstead 9-2800  In Canada, Sola-Basic Products Ltd., 377 Evans Ave., Toronto 18, Ont.
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Ketay 2"
floated rate gyro

controls damping
from -54° to +74° C,

... Saves space,
weight,
wattage

and wear

Ketay has been successful in developing a floated rate gyroscope
with a unique bellows and spring fingers system which compen-

sates for temperature changes. Fluid viscosity is allowed to change TYPICAL RG 20 SPECIFICATIONS
freely, while the damping gap is controlled instead. This ingenious Rate (de
. e o g/sec)
shear damping principle offers true ‘‘second order performance.
No heating is required from —40° to + 74° C. 25 cps (min)
THIS UNIQUE KETAY FLOATED DESIGN FOR TELEMETERING : E;am:it;'yz:
AND INSTRUMENTATION OFFERS: - B
Damping (Ratio to Critical)
® increased shock (150G) and vibration (25G) resistance. over temperature. ... ..... 07 +0.2
® gimbal support on precision ball bearings and support Spin Motor 115V Line to Line

independent of torsion bars, permitting gimbal balance 3¢ 400 cps
to exc¢eptional accuracies.

Pickoff Type Inductive

® DC motor with direct battery operation, resulting in
rapid run-up. Excitation

® AC motor without brushes, achieving longer life. Sensitivity (v/deg/sec)

® AC or DC pick-offs. AC units give high output: 7% Threshold (deg/sec)
volts per degree of gimbal deflection.

® 200 turn wire wound potentiometer

* For detailed specifications and drawings write to:

KETAY DEPARTMENT
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WIRE LEADS ARE ATTACHED TO RESISTOR
BY DU PONT THERMOSETTING SILVER

m

¥

COATING PROBLEMS?

Let Du Pont
Experience
Help You Solve Them

Du Pont technical know-how, backed
by years of research and experience,
can help you find the right answer to
your specific coating problems. Du Pont
conductive coatings . . . of silver, gold,
platinum, palladium...are available
to you for use on almost every type of
electronic circuit and component:

¢ Electrodes for barium titanate ce-
ramic capacitors.

¢ Electrodes for mica capacitors.

¢ Electrodes for thermistor and piezo-
electric bodies.

e Air dry static shields and conductive
coatings.

¢ Thermosetting conductive cements for
metals, phenolics, epoxies and other
bases.

e Fired coatings on ceramic and glass
(e.g., when copper-plated and tinned
for hermetic sealing).

Write for bulletin on high-quality Du Pont
Conductive Coatings of Silver, Gold, Plati-
num and Palladium. Mention application you
have in mind. Du Pont has a formulation to
fit your application, process or product fea-
tures. Write: Du Pont, Electrochemicals De-
partment, Ceramic Products Division, Wil-
mington 98, Delaware.

.y 5. PaT.OFF

Better Things for Better Living ... through Chemistry
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Big Sales Gain for Delay Lines

DELAY LINE SALES

{in Millions of Dollars)

$10 SIO.S%/

.
8 $6.5 %'/
6 :/?///’ 7:
N

1958 1959
Source: ELECTRONICS

LAST YEAR was highly successful
for delay-line manufacturers. Dol-
lar sales of the average company
increased 63 percent over 1958,
with a number of firms enjoying
twofold or greater sales increases.

Information comes from reports
by 17 delay-line manufacturers on
their 1959 and 1958 sales. Seven-
teen out of 34 manufacturers quer-
ied by ELECTRONICS supplied total
dollar sales and unit sales by types.

The respondent manufacturers
reported total sales for all delay
lines of $7,912,232 in 1959 as
against $4,846,078 in 1958. These
returns indicate total industry sales
in 1959 amounted to about $10.6-
million, 63 percent more than the
$6.5 million estimated by industry
sources as total delay-line sales for
1958.

Delay lines are extensively used
in communications, countermeas-
ures, fire-control, missile guidance
and navigation equipment. They
are also widely used in research
and development and to some ex-
tent in data-handling and detection
equipment.

Of the feur types of delay lines
— distributed-parameter lumped-
parameter, acoustic, and magneto-
strictive—sales of the distributed
type fared best last year.

Nine manufacturers reported
sales of 66,296 distributed-param-
eter units in 1958 and 200,794 units
in 1959, a 203-percent increase for

the year. Sales of the lumped-
parameter type gained 141 percent
in 1959, with unit sales of 12 firms
moving up from 58,006 in 1958 to
139,613.

In comparison with other types,
acoustic delay-line sales increased
only moderately. Five firms re-
ported sales of 4,880 units in 1958
and 6,200 in 1959, an increase of
27 percent. It was not possible to
measure the sales advances for
magnetostrictive delay lines.

Electronics parts distributing
industry sales volume hit an all-
time high in 1959 of $815 million,
10 percent higher than 1958’s $740
million, reports National Credit
Office. Distributors told NCO that
sales were good in the first five
months of 1960, and that they ex-
pect continued sales expansion in
the remaining months of the year.
Constantly growing industrial busi-
ness, hi-fi and stereo components
demand, plus strong service busi-
ness, have been of particular help
in keeping distributor sales high.

Thevinds FIGURES OF THE WEEK
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LATEST MONTHLY SALES TOTALS

{Source: EIA)

(Add 000)
May April Change From
1960 1960 One Year Ago
Rec. Tubes, Value $25,580 $25,759 — 1.3%
Rec. Tubes. Units 30,354 29,737 ~ 0.8%

Pic. Tubes. Value $13,330  $13,783 + 4.6%
Pic. Tubes, Units 660 707 — 1.0%
Transistors, Value $24,146  $23,199  +27.0%
Transistors, Units 9,046 9,891 +42.3%

electronics



You get an extra measure of design freedom with
..« POWDERED PERMALLOY FILTOROID® CORES*

The high permeability and low core loss of pow-
dered permalloy Filtoroid cores can remove design
roadblocks for you. You can build extra frequency
stability into filter networks with these cores.
Their permeability remains stable with changes in
time and flux levels. Distortion factors are held to
a bare minimum. Temperature coefficient of in-
ductance is tightly controlled.

There’s extra design flexibility for you, too, in

transformer laminations «
powdered molybdenum permalloy cores « electromagnetic shields

the broad range of Filtoroid cores available.
They’re made in three standard permeabilities—
150, 125 and 60—in sizes up to 1.570” 0.D., all
carried in stock for immediate shipment.

Our engineers are ready right now to help you
select the proper Filtoroid core for your filter
circuits. Write or call for a discussion of your
needs, or send for Bulletin G-1.

*MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COMPANY

motor laminations « tape-wound cores

MAGNETIC METALS COMPANY ¢ Hayes Avenue at 21st Street, Camden 1, N. J,

August 5, 1960
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“FREON"-TF
SOLVENT

This magnet wire was exposed to “Freon” solvent liquid. The
“Glyptal” coafing on this wire is completely unaffected by *‘Freon-TF.

ORDINARY

CHLORINATED SOLVENT

This “Glyptal”-insulated wire was exposed to ordinary chlorinated
solvent for the same length of time os the one on the left. The
solvent dissolved the resin binder and softened the alkyd finish.

Comparison with ordinary chlorinated solvent proves:

FREON® solvents won't damage metal, elastomers or
plastics . . . are safer for degreasing precision equipment

“Freon” solvents give you an effective and
remarkably safe means of cleaning electric
motors, ultra-precision mechanical and elec-
tronic equipment, and component parts. They
minimize swelling of elastomers and plastics

. will not soften paint, wire coatings or in-
sulators. “Freon” solvents are also non-corro-
sive to metals without inhibitors. In addition,
“Freon” solvents leave no residue when they

FREON"®

solvents

8.4, 5, PAT. O/

BETTER THINGS FOR BETTER LVING. .. THROUGH CHEMISTRY
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dry and can be recovered and reused readily.

“Freon” solvents are safe for personnel, too.
They are non-explosive and non-flammable.
“Freon” is virtually non-toxic. Vapors are
odorlessand will not cause nausea or headaches.

FREE 12-PAGE BOOKLET explains the unique
properties of “I'reon’ solvents and how they
minimize cleaning hazards.

E. I. du Pont de Nemours & Co. (Inc.)
“Freon” Products Division 528
Wilmington 98, Delaware

Send me your free, 12-page booklet on “Freon” solvents.

Name

Company.

Address,

City. State
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MODEL SE
SHOWN ACTUAL SIZE

have you checked this
Remote Actuator for jobs
under Shock and Vibration?

.. LD LA B
ROTARY SOLENOIDS

CUSTOM-BUILT FOR— OPERATES IN ANY POSITION

A 12 SWITCH POSITIONS
starT STOP  prav  OVER DISTANCES UP TO
SEVERAL HUNDRED FEET

SAVE ¢ ® ¢ vV T MASTER Body remains
. e — -ExC stationa
5 7 o = d ~ oRAIN Snap-action X mecha’rz‘ia:f:iest
. ) torque in
added to
- | 5-WIRE CABLE CONTROLS e 4%, /

ARMATURE PLATE

by © provide
S stepped
P acHt progres:wn

MASTER-SLAVE DEVICES

.
[
|

o ~ P I
i
!

Sy CAM LIFTS s
{Incremental Positioning)

—— e e ——— — — . P —— — o — “Solencid” shaft oscil-
Armature plate rotates lates with armature ...
A, B, C, & D ARE DRIVEN BY SOLENOIDS through predetermined can be supplied at front
> angle then springs back of rear . .. other power
VI A f/f\_ — . to original position. talke-oﬂ ;I;Irangements

$1000's0 {5 100°s © 0 Se——— — also possible.

SEVACEY : T P — 1
A B c D —0

4 DECADE COUNTER

ADDED SWITCHING ALLOWS
PRESETTING A FUNCTION TO OCCUR
AT ANY COUNT SUCH AS SHUT OFF

WATER AT 397 COUNT, ETC.

42 WIRE CABLE
INSTANTANEOUS POSITIONING OF
SLAVE BY PUSHING A BUTTON

EXTREMELY ADAPTABLE

NIRO)LY)

PRESETTABLE COUNTING DEVICES

AUTOMATIC SWITCHING

——r e — e — —— -

fpm——————
g

' COUPLING AND
axt SOLENOID BRAKE HERMETICALLY ROTATES IN
! SEALED BOTH DIRECTIONS
</ LOAD
' SHAFT
SOLENOID
ARMATURE | | MOTOR BUILT INTO
PLATE 4SOl R COMPLETE SUBCHASSIS
| | o O 5
I = VALVE ' START STOP b S Y
l | WITH SEALED 4SS0l I
DUST CAP |
TRIPPING DEVICES | ACTUATORS { ., CLUTCHES and BRAKES
i |(When Modified for Straight Pull)

stepping torques from 6.4 to 64 inch-ounces

O AEN

If you've been searching for an actuator that meets such specs as
MIL-S-4040A, and is remarkably small for the amount of work it can
do, investigate Oak Rotary Solenoids. They operate on DC and are
designed for intermittent service. Standard models give steps of 25°,
35°,45°,67.5°, or 95° in either a left or right-hand direction. Self-stepping
or externally pulsed units are also built. Oak Rotary Solenoids find wide
use in both commercial and military equipment. Why not evaluate their
unusual capabilities for your next project. We will be glad to help you
engineer the job. Just send us a short description and sketch.

August 5, 1960

MANUFACTURING CO,

1260 Clybourn Ave., Dept. G, Chicago 10, I,

Phone: MOhawk 4-2222

West Coast Div.: Oak Electronics Corp.
11252 Piaya Court, Culver City, Calif,

Phone: EXmont 1-6367

SWITCHES o ROTARY SOLENDIOS e CHOPPERS

VIBRATORS e TUNERS
SUBASSEMBLIES
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LOW COST OI B
all-electronic, totally-transistorized

DIGITAL MULTIMETERS

NOW IN A SINGLE 5'%” OR 8%" x 19” PANEL Digital Multimeters for measuring any
combination of AC/DC volts, AC/DC ratios, and resistance, with pre-amps for
higher sensitivities, and optional electrical outputs and print control capabilities!

This new line of all-electronie, solid state
instruments meets the growing
requirement for precision, multi-purpose
measuring instruments. Any combination
of AC and DC voltages, AC and DC
ratios, resistances...every electrical
parameter which is of interest to
the instrumentation designer...can now be
measured quickly, accurately, with a
single instrument.

Unmatched specifications! These Multimeters are
the first to have a combination of high input imped-
ance, 4 digit accuracy, automatic ranging, automatic
polarity and high speed in a single instrument!

All electronic, solid state circuitry! Exclusive use of
transistors and diodes provides a light, compact
instrument possessing exceptionally high reliability
and accuracy. The experience of more than 6,000
digital instruments has gone into their design.

Unique reference supply gives unequalled stability!
For these new instruments, EI has developed a pre-
regulated, twin Zener diode bridge with the Zener
diodes in a temperature-stabilized oven. Temperature
stability and drift characteristics of this reference

FLIP-TOP BOX CONSTRUCTION
FOR EASY MAINTENANCE.

are better than .005% and unequalled in the industry.

Easily integrated into semi- or completely automatic
systems! These new instruments reflect EI's active-
participation in the building of small and medium
size digital systems. All necessary control logic is
available at rear panel connectors for external con-
trol. Every instrument is ideally suited for automatic
input signal conditioning or scanning operation.
Models with electrical outputs will operate directly
in multi-point scanning and print-out data logging
systems without any additional circuitry or auxil-
iary equipment.

Electrical outputs optional! Where “hard copy” of
test results is not required, the addition of electrical
outputs and print control capabilities is a costly,
unnecessary luxury. EI provides these new instru-
ments, in every measuring configuration, either with
or without these features.

Sensitivity control eliminates effect of noisy readings!
A front panel sensitivity control is provided on each
of the instruments to overcome unusual noise con-
ditions and give, as a by-product, a qualitative meas-
urement of the noise present.

3540 AERO COURT ¢ SAN DIEGO 11, CALIF,
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Now pick the instrument that exactly meets
your needs and order by model number!

MODEL 840
DC Voits/OC Ratios

o # &

Y bl D

MODEL 849
oc o8 /Resistance
al Dutputy

0C Veits/0C
With Electr

MODEL 842
DC Volts/OC Ratios/AC Volts

MODEL 831
¢ Ratio its

With Eie

MODEL 852
ts/Ratio, DC Pre-Amalifine

With Electrica) Oulputs

MODEL 848

MODIL 852
OC Valts/ Ratio rResistance / 0C Pre-Amplitiar Resntan

DC Volts /Ratio
With Ejectrica

MODEL 855
OC Voits /Ratio/AC Voits/Resistance
Pre-Amplitier With Eiectrical Outputs

MOOLL 847
DC Voits /Ratio/AC Voits/Resistance /Pre-Amplifior

Many variations of these basic models including AC ratiometers, milli-
ohmmeters, microvoltmeters and specialized measuring instruments
tailored to individual systems requirements are available in the same
physical configurations.

Ask your E sales office or representative for complste information.

Faster conversion times, higher
input impedance, greater accuracies,
plus all of the other specifications
you wanted in a digital multimeter!

DC VOLTAGE SPECIFICATIONS: Apply to all instru-
ments incorporating the pre-amplifier

Range: - .00001 to .09999;

.0001 to .9999;

1.000 t0.9.999;

10.00 to 99.99;

100.0t0 999.9 v

0.02% -1 digit for 10
microvolt range of .00001 to
.09999 v; 0.01% -1 digit
from .0001 to 999.9 v

1000 megohms up to 9.999 v;
11 megohms up t0 999.9 v

50 milliseconds

Accuracy:

Input impedance:
Average Reading Time:

Operating Ambient
Temperature:
Maximum Source
Impedance:

0-50°C

5 K ohms on 10 microvoit
range only; noncritical all other

Automatic Features: Ranging, polarity

DC VOLTAGE SPECIFICATIONS: Apply to all instru-
ments except those incorporating the pre-smplifier
+-.0001 to +,9999;
+1.000 to +9.999;

+10.00 to +99.99;
+100.0 to +999.9 v

0.01% =+ 1 digit

1000 megohms to +9.999 v;
11 megohms to +999.9 v
50 milliseconds

200 milliseconds

Range:

Accuracy:
Input impedance:

Average Reading Time:
Max. Balance Time:

Operating Ambient
Temperature:

Automatic Features:

DC RATIO SPECIFICATIONS: Apply to all instruments
measuring 0C ratios

Range:

Accuracy:

Input Impedance:

Average Reading Time:

Max. Balance Time:

Reference Voltage:

Reference Input

Impedance: 1000 megohms
Operating Ambient
Temperature: 0-50°C

°With properly chosen reference supply, ratios of

up to 100 times unity may be measured.

AC VOLTAGE SPECIFICATIONS: Apply to all instru-
ments measuring AC voltages
Range: .0000 to .9999 VAC;
1.000 to 9.999 VAC;

10.00 to 99.99 VAC;
100.0 to 999.9 VAC

0.1% and two digits

0-50°C
Ranging, polarity

.0000 to .9999°

+ 1 digit

1000 megohms

50 milliseconds

100 milliseconds

10 volts +10% (nominal)

Accuracy:

Frequency
Response:

Input impedance:

30 cps to 10.000 cps

1 megohm shunted by 30

mmfd up to 9.999 VAC;

10 megohms shunted by 30

mmfd up to 999.9 VAC

Average Reading Time: 2 secs. low freq.; ! sec. high

freq. (400 cps and up)

Operating Ambient
Temperature:

Automatic Features:

RESISTANCE SPECIFICATIONS: Apply to all instru-
ments measuring resistances

Range: 000.1 ohms to 999.9 ohms;
1000. ohms to 9999. ohms;
10.00 K ohms to0 99.99 K
ohms; 100.0 Kohms to
999.9 K ohms

0.01% -+1 digit to 99.99 K
ohms; 0.03% -+ 1 digitto
999.9 K ohms

200 milliseconds

0-50°C
Ranging

Accuracy:

Average Balance Time:

Operating Ambient
Temperature:

Automatic Features:

0-50°C
Ranging (decimal point
placement)

ELECTRICAL OUTPUT SPECIFICATIONS: Apply to all
instruments incorporating electrical outputs

® Both 2.4-2-1 Binary Coded Decimal and 10 Line
Coded Decimal are provided
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J. P. Costas and L. C. Widmann, coinventors of GE’s new communications
system, check transmitter terminal for field test

Broadband Phantom
Bypasses Spectrum Crowding

“Military circuits will have to go broadband or die in a

battle environment,” say inventors of high-security broad-

band communications system

PROMISING APPROACH to the prob-
lem of an increasingly crowded
electromagnetic spectrum is broad-
band transmission, says John P.
Costas, consulting engineer for
General Electric’s heavy military
electronics department.

The orthodox approach has been
use of narrower and narrower
bandwidths to squeeze in more
channels. This procedure has merit
in commercial applications where
strict control over stations is ex-
ercised by a central authority,
Costas says. “The military com-
munications planner, however,
faces an environment so radically
different from that found in most
commercial practice that a different
approach to systems design is
called for.”

The military user can not save
bandwidth with the hope that only
friendly users will benefit by his
economy. The spectrum belongs
just as much to hostile or friendly
forces. Continued narrowing of
transmission bandwidths will lead
to serious system breakdown due
to poor reliability resulting from
interference. “Military circuits will
have to go broadband or die in a

battle environment,” Costas says.

Though broadband techniques
will probably not provide the mili-
tary with all the volume of traffic
they are now demanding, they will
offer the circuit reliability the mili-
tary needs. Following this premise,
Costas and his coworkers are com-
pleting work on a system which
represents “an attempt to take the
theory of broadband communica-
tions and reduce it to practice in a
form suitable for general purpose
military field use.”

Costas’ system, called Phantom L,
uses a special double single-side-
band transmission resulting in a
transmission bandwidth of several
hundred kilocycles. This version of
Phantom is to be used in long-haul
h-f circuits where multipath con-
ditions are encountered.

Because system average power is
spread over such a large band-
width, conventional narrow-band
circuits operating within the Phan-
tom passband will normally be un-
aware of its presence. In normal
operation the Phantom signal will
appear as random noise to conven-
tional receiving equipments.

The data rate is purposely kept

low in relation to transmission
bandwidth—from about ten tele-
printer channels down to hand-
keyed Morse. This high ratio of
transmission bandwidth to data rate
results in a high degree of im-
munity to jamming or interference,
also allows Phantom I to be op-
erated in heavily congested por-
tions of the h-f spectrum. The sys-
tem can tolerate the interference
caused by other signals and at the
same time use these other signals
as cover to enhance the transmis-
sion security of Phantom.

To receive Phantom transmis-
sions, a receiving station must have
not only the gear but also know the
operating frequency and signaling
waveform used.

Since many hundreds of thou-
sands of signaling waveform selec-
tions can be set up in the equip-
ment, this last item is of utmost
importance. Furthermore, wave-
form selections may be changed as
often as necessary.

“The designer of a military com-
munications system of this type
must not depend upon secrecy for
successful operation He must as-
sume that an enemy has posses-
sion of his system. complete with
instruction manuals. The design
must be such that the system can
still perform its function.”

This is the philosophy Costas
adopted in developing Phantom I.
“Phantom is much like a combina-
tion lock in that detailed knowledge
of the lock is of little help to the un-
authorized,” Costas explains.

Two Phantom systems operating
in the same frequency band but
using different signalirg waveform
selections will appear as random
noise to each other.

Equipment will be tfested on a
coast-to-coast circuit arter labora-
tory verification tests are com-
pleted. Many different frequencies
in the h-f band will be used.

The technique is not restricted as
to frequency. Operation at fre-
quencies much lower or higher than
h-f poses no severe problems. High-
frequency band was cnosen for
test because of severe multipath
and interference conditions en-
countered in this range. Besides
point-to-point communications, Cos-
tas foresees use in aircraft and
satellite communications systems.
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Highlighting Tomorrow’s Communications

National symposium emphasizes need for more systems, new methods, longer ranges.

Satellites hold the spotlight at this week’s Globecom Symposium in Washington

SATELLITE SYSTEMS, tropospheric
communications, submarine cables
and digital data systems were the
main features of the fourth Na-
tional Global Communications Sym-
posium being held this week in
Washington.

Important trend pointed by the
meeting is the greater reliance that
engineers of tomorrow’s communi-
cations systems are placing on these
new techniques, especially on satel-
lites. This year’s experimental work
with satellites, and the body of re-
liable data being accumulated about
the skyborne relay systems, will
make of them the workhorses of
future global and national commu-
nications systems,

This week’s symposium is under
the dual sponsorship of the Pro-
fessional Group on Communications
Systems of the Institute of Radio
Engineers and the Army Signal
Corps. More than 20 companies are
presenting 62 papers which cover
virtually all aspects of communica-
tions on the global scale.

Satellite systems held the spot-
light on Aug. 2, second day of the
meeting. One paper, delivered by
C. A. Brown of Convair, compared
active communications satellites
and other long-haul systems. An-
other speaker, ITT Labs’ L. Pollack,
presented his company’s views on a
worldwide system which would use
three active satellites in stationary
orbits. The system would provide
1,000 channels 50 to 100 Mc wide
that would reach about 98 percent
of world’s population. Passive re-
lay systems were discussed by D. T.
Worthington of Rome Air Develop-
ment Center, and M. G. Chatelaine,
Ryan Aeronautical, presented a pa-
per on anisotropic communications
satellites.

The first day of the symposium
was devoted to propagation, in-
cluded a paper from Boeing describ-
ing experiments in earth communi-
cations. The speaker, C. D. Lunden,
outlined his company’s use of
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buried antennas to transmit at
radio frequencies to points as far
away as 100 miles.

Two papers by A. J. Vadasz and
J. R. Poppe of General Electric
described a thin-route, or digital,
troposcatter system. Thin-route
tropo reportedly can make point-to-
point communications possible at
one-third the cost and one-tenth the
bandwidth of conventional tropo
systems. The GE engineers de-
scribed a 152-mile hop between Ar-
lington and Lynchburg, Va., using
a 4-by-8-ft antenna screen weighing
50 pounds. The transmitter puts
out only 170 watts, rather than the
multiple kilowatts required by the
conventional systems. The speakers
indicated that federal agencies and
the armed services would probably
be first to use the new gear, added
that commercial applications would
probably follow along soon after.

ATT spokesmen discussed sub-
marine cables. A. C. Duncan told
of his company’s overseas opera-
tions, touched on problems of cable
reliability. Bell Labs’ E. T. Mot-
tram described the design of a new

submarine cable system and co-
worker A. C. Dickieson closed the
session with a discussion of time
assignment interpolation.

Confidence in the future of satel-
lite communications for the armed
forces is again stressed in a session
on the third day wrapping up some
technical details of satellite sys-
tems. A paper by USAF Captain
G. B. Parks and Bendix’s J. W.
McNabb disclosed technical consid-
erations for Air Force communica-
tion satellites. Other Bendix speak-
ers included C. Kent and L.
Newland, who gave comparisons of
orbit configurations for satellites,
and W. N. Mollard who discussed
frequency selection for space com-
munications. Role of satellites in
ITT’s Aircom global system was
discussed by E. W. Keller, R. L.
Krulee and R. A. Weber.

Other sessions held during the
three-day meeting covered such
topics as command-control commu-
nications, equipment, digital data
systems, network control, switch-
ing, global trunk systems and in-
terference problems.

Incoming teleprinter communication arriving over new troposcatter system
is examined by engineer J. R. Poppe. In background are dual diversity
receivers used in the system
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How a One-Plant Island Grew Up

Puerto Rico had only one electronics plant in 1948. Today electrowics shipments

from more than 50 plant sites in the island commonwealth exceed $47 million

ELECTRONIC COMPONENTS by the
shipload are now leaving Puerto
Rico through channels once sailed
by Spanish galleons. Workers who
recently knew only how to wield the
sugar cane machete are now turn-
ing out missile parts, tv tubes and
strain gages in modern factories.

From a single plant employing 16
workers in 1948, electronics in the
commonwealth now has more than
56 factories employing about 5,000.
In the last ten months of 1959, 10
new electronics plants went into op-
eration and are now manufacturing
such products as transducers, pre-
cision resistors, circuit breakers,
switching components, cathode-ray
tubes, photoelectric devices and
phonograph pickups.

According to Puerto Rico’s Eco-
nomic Development Administration,
electronics manufacturers on the
island are enjoying record profits
exceeding what similar operations
would net in stateside factories. In
1958, for example, net profits as a
percentage of sales averaged 37.4-
percent in Puerto Rico as compared
with 7.7 percent before taxes and
3.8 percent after taxes for plants on
the mainland. According to a De-
partment of Commerce survey, in
1959 the value of shipments from
the island was $47 million, up 39

percent from the year before,

One major reason for the in-
creased profits is the island’s unique
federal tax position. While enjoying
the benefits of American citizen-
ship, currency, federal courts,
armed forces and tariff protection,
Puerto Rico has always been out-
side the federal tax structure. In
addition, under provisions of the
Industrial Incentive Act of 1954,
manufacturers of electrical prod-
ucts (including electronics) are in
most cases free from commonwealth
taxes for their first ten years of
operation.

Industrial space, mostly in
spread-out one-story buildings, is
available throughout the island.
Most electronics plants are now lo-
cated in the suburbs of San Juan
(the island’s capital), Mayaguez on
the west coast and Ponce in the
south. The Economic Development
Administration of Puerto Rico aids
in obtaining sites by lease or pur-
chase. Yearly rentals are as low as
50 cents a square foot.

For labor recruitment, the Puerto
Rican Employment Serivce, a com-
monwealth agency, tests and screens
work applicants for electronics as
well as other industries. On-the-job
training programs are also offered.
To provide in-plant training, EDA

Almost 5,000 workers like these at Stratham Instruments’ Puerto Rico
plant have made the transition from farm work to component assembly
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will send supervisors and mana-
gerial trainees to plants on the
mainland, or bring technicians to
the island to conduct training pro-
grams.

Stratham Instruments of Los An-
geles, now building one of Puerto
Rico’s newest electronics plants, will
invest $1 million in the island’s
economy within the next few years.
Last month, the company held its
third ground-breaking since 1953.
According to president R. M. Jones,
the transducer manufacturing
firm’s current move entails a 23,000
square-foot plant costing $350,000.

To date, 75 California companies,
many of which are electronics firms,
have opened Puerto Rican facilities
since 1952. One reason for this
amount of interest from West Coast
companies is that they can sell and
ship to Eastern markets in closer
competition with Eastern com-
panies. A West Coast manufacturer
can ship an cbject the size of an
electric motor from San Juan to
New York for about $1.70 as com-
pared with $3.95 from his home
state on a per-pound basis. In addi-
tion to ships, five airlines serve the
island regularly. Rates to New York
range from 10 to 22 cents a pound.

There is a considerable amount
of official and quasi-official assist-
ance given to electronics companies
scouting the commonwealth for
plant sites. Primary source of help
is the Economic Development Ad-
ministration of Puerto Rico. In ad-
ministering irdustry growth under
the project name Operation Boot-
strap the EDA has had to enlarge
its facilities. It now has offices in
New York, Chicago, Los Angeles,
San Francisco and Miami.

Besides EDA, the island’s elec-
tronics industry is considerably
aided by the Puerto Rico Electron-
ics Manufacturers  Association
whose membership consists of the
more than half a hundred mainland
firms on the island. Members aid
prospective newcomers by arrang-
ing plant tours, gathering informa-
tion and lending a helping hand in
other ways.
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-



Infrared May Detect
Extraterrestrial Life

ULTRASONIC INFRARED DETECTION
may soon help look for extraterres-
trial life, says Paul S. Johnson,
project scientist for the physics
division of the Air Force Office of
Scientific Research (AFOSR).

Use of infrared may become
practical for long-range detection
because of recent improvements in
detecting weak signals in noise
background, Johnson says.

Reason for interest is that living
organisms radiate infrared energy
when they convert sunlight into
other forms of energy.

Two aspects of infrared are in-
volved in AFOSR’s work. One is
the search, at a wavelength of
about ten microns, for planetary
life near stars beyond our solar sys-
tem. The other is the more im-
mediate problem of detecting life
processes on earth’s planetary
neighbors through infrared emana-
tions associated with organic trans-
formations.

Stanford University’s detection
through 44 db of noise of an echo
signal bounced off the sun is an ex-
ample of weak radiation detection
under difficult conditions, Johnson
says.

More recently, J. Wiesner of MIT
and E. Lilley of Harvard teamed up
to detect the deuterium line in
space. The deuterium line (327 Mc)
is extremely weak, only 1/6,700 as
strong as the hydrogen line (1,420
Mc). Wiesner feels that his de-
tector and digital correlator will
enable him to detect an energy level
of the deuterium line which is
1/15,000 as strong as the hydrogen
line. Thus he feels he has sensi-
tivity to spare.

In addition to advance in signal
processing, AFOSR expects soon to
have promising research on co-
herent infrared oscillators and de-
tectors. The infrared maser, on
which research is being conducted
by C. H. Townes of Columbia Uni-
versity under AFOSR contract,
could well be one such highly sensi-
tive device, Johnson says. The
Cerenkov radiator being investi-
gated by P. D. Coleman of Illinois
has produced substantial power (0.1
watt) at 3 mm. Its principle may
prove useful at the longer infrared
wavelengths.
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fastest, most sensitive,

economical way to
DETECT “LEAKERS"
in hermetically

sealed components

RADIFLO

Leading manufacturers of hermetically sealed components have installed RADIFLO and proven it to
be the most sensitive, fastest and economical method of leak detection available for mass production.

100 TIMES MORE SENSITIVE— Components can be tested as high as 10-12 cc/sec. Super-sensitive
RADIFLO reveals microscopic imperfections often undetected by less critical test methods.

TESTS NON-DESTRUCTIVELY — Rejected components need not be scrapped. The RADIFLO test method
allows less-than-perfect components to be used in non-critical applications.

CAN BE PROGRAMMED AND AUTOMATED—Automatic programming feature permits modern automated
mass production inspection of entire output, with immense savings in production time and labor.

ELIMINATES HUMAN ERROR—Components under test by RADIFLO are subjected to inert, radioactive
gas, under pressure. During a “soaking” time the gas is forced into all existing leaks in the units.
Then an air wash removes radioactive material from external surfaces. Each component is then
placed in a scintillation counter for “go-no-go" inspection. A pre-selected acceptance leak rate allows
non-technical workers to perform the test without error.

These leading manufacturers are among the many RADIFLO users:

SYLVANIA ELECTRIC PRODUCTS, INC. U. S. ARMY ORDNANCE, Frankford Arsenal
GENERAL ELECTRIC COMPANY EITEL-McCULLOCH, INC.
Syracuse, N.Y. and Waynesboro, Va. U. S. ARMY CHEMICAL CORPS,

:UL?_'VEAS :J?;::A:I?ZSAM::NY Research and Development Command
- POTTER & BRUMFIELD, INC,

Tucson, Ariz. and Middletown, Pa,

WESTERN ELECTRIC COMPANY FAIRCHILD SEMICONDUCTOR CORP.
ELGIN NATIONAL WATCH COMPANY ALLEN-BRADLEY COMPANY
NIPPON ELECTRIC COMPANY ARMY BALLISTIC MISSILE AGENCY

Let us help with your component leak problems. Write for complete details of automatic
RADIFLO testing equipment. Manufacturers with limited production volume will be interested
in RADIFLO TESTING SERVICE —now available at low cost on the east and west coasts.

AMERICAN ELECTRONICS, INC.

NUCLEAR DIVISION
9459 WEST JEFFERSON BLVD., CULVER CITY, CALIFORNIA + UPTON 0-4707
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THE SPECIAL

Insert May be Placed at Any Position on Raster Electronic Spotlight

dow, You Can Offer Your Advertisers the Newest Facilities
and Your Viewers the Most Varied Programming.

First, Telechrome provided broadcasters with a vastly improved system
for producing a wider variety of dramatic wipes, inserts, keying and other
special effects. Now, Telechrome engineering introduces the “Joy Stick”
Positioner. This makes it possible to create many hundreds more effects
and to move wipes, inserts, keying or other special effects to any place on
the TV screen. The effects are startling! A new era in program creativity
begins now! Ask to see the “Joy Stick” Positioner demonstrated, today!
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Full Specifications & Details or Demonstration Available on Request

Ere e VIATCHES YOUIR
cenerator that G IRIEATIV IZ

SKILL

>
A90WA1 Waveform genera- 490SA1 Switching Amplifier. 490RA1 Remote Control
tor. Generates keying sig- Combines two picture sig- Unit. Selects and controls
nals for the 72 different nals in accordance with ap- deslred effect. Designed for
wipes. plied keying waveform. console or desk mounting.

Easily modified for integra-
tion into existing studio fa-
cilities. Complete with pow-
er supply— Model 512C1

Available Portable or Rack Mounted
COLOR TV + INDUSTRIAL INSTRUMENTATION + TELEMETRY

TELECHROME MANUFACTURING CORP.
3 28 RANICK DRIVE « AMITYVILLE, N.Y.
Lo Lincoin 13600

Cable Address: COLORTV
AT THE FRONTIERS OF ELECTRONICS TWX: AMlTYV'LLE NY2314

WESTERN ENGINEERING DiviSiON » 13635 Viciory Bivd., Van Nuys, Cailf., STate 2-74/9
MIDWESTERN ENGINEERING DIVISION - 106 W. St. Charles Rd., Lombard, [1i., MAyfair 7-6026
SOUTHWESTERN ENGINEERING DIVISION - 4207 Gaston Ave., Dallas, Tex., TAylor 3-3291

"TELECHROME SPECIAL EFFECTS GENERATOR
with Exclusive “JOY STICK” POSITIONER




At height of September ’57
tonospheric storm, polar
blackout (hatched area shows
severe absorption) cut direct
ties between Thule and Colo-
rado Springs, also eliminated
alternate routes A and D. En-
hanced sporadic-E (regioms in
dashed lines) permitted use of
two-hop route B at about 20
and 28 Mec, and an M-hop (F
to E. to F to ground) on
route C at about 18 and 22 Mc
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Sneaking Through Radio Blackouts

By THOMAS MAGUIRE

New England Editor

NEW APPROACH to radio blackouts in
northern latitudes looks like a
workable solution to Arctic com-
munications problems.

The propagation barrier result-
ing from ionospheric disturbances
could cripple some of the vital com-
ponents of national defense: com-
mand and control communications
for the Strategic Air Command; re-
lays handling information obtained
from BMEWS and DEW-line ra-
dar; missile detection and guid-
ance; fighter control.

The new approach is suggested in
a study made by the geophysics sec-
tion of Avco’s research and ad-
vanced development division in Wil-
mington, Mass. The study, spon-
sored by the propagation sciences
laboratory of the USAF Electronics
Research Directorate at Hanscom
AFB, grew out of a project under
which Aveco investigated the possi-
bilities of forecasting anomalous
refractive, scintillation and absorp-
tion effects in northern latitudes
( ELECTRONICS, p. 32, Apr. 10, 1959).

Radio Dblackouts result from
either electromagnetic radiation or
solar particles emitted from solar

August 5, 1960

storms. A few minutes after a solar
flare, a pulse of electromagnetic
radiation reaches the ionosphere
causing an sid—sudden ionospheric
disturbance. Several hours later,
solar particles reach the earth’s
polar ionosphere causing enhanced
D-region ionization. About 24 to 36
hours after the flare a geomagnetic
disturbance often develops. This
disturbance may last up to five
days; during this time h-f radio
communications with northern in-
stallations become ineffective.

Avco’s proposal for use of iono-
spheric disturbances results from a
synoptic study of a severe iono-
spheric storm that occurred in Sep-
tember 1957. The study included a
detailed investigation of how the
ionosphere behaves and how the dis-
turbance moves. Additional studies
are planned under Air Force spon-
sorship.

Radio blackout involves a de-
creased reflectivity of the F-layer
(200 Km and above) and a vastly
enhanced absorption of signals in
the D-layer (50-100 Km). The net
result is a lowering of the highest
frequency receivable between two
points (the maximum usable fre-
quency, or muf) and a raising of the
lowest usable frequency (luf).

When the muf and the luf meet, no
signals are receivable and blackout
occurs.

The study shows that during
ionospheric disturbances there is a
great increase in sporadic-E. In-
tense sporadic-E is an efficient re-
flector of h-f signals; since it ap-
pears to occur systematically during
severe ionospheric disturbances
when the F-layer can no longer be
used, the sporadic-E offers an al-
ternative reflector.

Taking into account existing com-
munication sites, Avco has plotted
four possible paths from Thule to
the North American Air Defense
Command in Colorado Springs to
show that if h-f communications
cannot be made directly, it is still
possible to maintain econtact by
using alternate routes and modes.

The ultimate system hinted at
would include computers—using as
input the data on a disturbance as
it develops. The computer would
automatically switch transmitters
to optimum propagation paths and
optimum frequencies.

Earlier models, however, would
rely on sender’s use of a manual of
geophysical data that would indi-
cate the paths and frequencies
available during a blackout.
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BOSTON—AUTOMATED BATCHING of
ice cream mix by an electronic con-
trol system has helped a Boston
plant to increase production capac-
ity by 70 percent.

The system installed at H. P.
Hood & Sons includes computer cal-
culation of recipes and instru-
mented control of blending, pas-
teurization, homogenizing, cooling
and clean-in-place routine for lines,
valves and tanks. One person con-
trols the entire operation from a
programming console.

Engineered by the Brown In-
struments division of Minneapolis-
Honeywell, the system incorporates
turbine rate-of-flow meters of the
Potter Aeronautical Corp.

Mixing dairy ingredients in
correct proportions is a complex op-
eration. Different mixes vary in
content of butterfat and milk solids.
The mix for a given formula must
be recalculated daily—based on in-
formation from lab analysis—due
to fluctuations in the constituents.

In the Hood system an analog
computer, separate from the control
system, determines by simultane-
ous equations how much of each
ingredient is required for a given
formula, and digitally converts this
information into pounds for trans-
lation by the batch blending system.

The computer uses a group of
chopper-stabilized d-c operational
amplifiers and switching circuits to
set up and monitor the operation.
A digital voltmeter translates the
analog solution and settings to digi-
tal form for readout. Honeywell en-
gineers say the analog approach
was adopted because of its operat-
ing simplicity and cost.

Once the coefficients are pro-
grammed into the computer, the
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formula expressed in pounds of
various ingredients is resolved in
50 milliseconds and coded on a
punch card. The punch card, which
may be used for inventory and
accounting, masterminds the elec-
tronic equipment that directs the
flow of liquid raw products from
storage to blending tanks. The
card is inserted in an instrumented
console that contains 11 contacts as
output controls.

Ingredients are measured into
the blending tanks by flow-sensing
devices that have turbine-type

Blending Ice Cream
Electronically

Computer and rate-of-flow meters
adjust recipe under control of
graphic program console (left)

rotors. As liquids pass through the
meters, the rotors intercept fields
of associated permanent magnets to
produce pulse trains. The pulse
trains drives totalizers, recorders
and other devices in the control
room.

The Potter turbine rate-of-flow
meter acts as the signal source for
the electronic devices. Using modu-
lar units as building blocks, the
system contzins 3,000 diodes and
2,000 transistors. There are 234
transistor and subassembly boards
in the system.

Hungary Pushes Instruments

CURRENT SOVIET ACTIVITY in elec-
tronics continues to set the pace
for work going on in satellite na-
tions.

Cornerstone of communist eco-
nomic planning is elimination of su-
perfluous production (Khrushchev
laughs at the West’s extravagant
excess capacity every time he talks
about industrial production).

Hungary’s electronics industry is
a good example of the situation in
the satellites.

Hungary is spending more money
on R&D in the instrument field
than in any other electronic ac-
tivity. State-owned instrument in-
dustry includes 23 facilities which
are given prototypes to work from
by two state research institutes.
The industry has increased its pro-
duction volume 13.5-fold in the last
ten years, now produces 3,700 types
of instruments. Current R&D is
centered on tv-test gear, nuclear in-
struments, geophysical and seismic
equipment, remote control systems.

The telecoramunications industry
has stepped up its output 523 per-
cent since 1950, mostly in tv sets,
carrier equipment and tape record-
ers. Radio set production is off in
Hungary this year and last.

Satellite governments, like their
Soviet model, love to talk growth
in percentages; actual production
figures are somewhat more illumi-
nating. Tv set production for 1959
was 42,575, more than double 1958’s
16,131 sets. Radio set production
dropped from 116,118 sets in 1958
to 78,883 in 1959.

Tape-recorcer output was about
5,500 sets.

Much of Hungary’s consumer-
goods production is aimed at the
export market. In 1959, more than
half the radios wound up in the
Benelux and Scandinavian markets,
the Near East, or Latin America.
Tv sets were widely sold in other
satellite countries and the Near
East, with East Germany being the
biggest taker.
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...T1I 2N711 switches at 10-mc
rate in saturating circuit

Now . .. get mesa reliability at a new low cost with TI 2N711
PNP germanium transistors — the newest addition to TI’s line

of mesa switchers. Ideal for your high-speed logic applications,

the 2N711 gives you total switching times as low as 10 musec

RE LI ABI LITY in non-saturated circuits and as low as 100 musec in practical

saturated circuits.

You get the reliability your circuits demand with this complete

AT A N Ew line — 2N705, 2N710, and 2N711 — of extremely high-speed

mesa switching transistors. With power dissipation ratings of

300 mw, these extremely rugged devices withstand and exceed

Low COST centnfuge: 20,000 G’s, 1 minute duration; wvibration fatigue:
20 G’s, constant acceleration for 96 hours.

These devices are stocked in depth by your authorized TI
distributor, and are available now in production quantities.

CONTACT YOUR NEAREST TI SALES OFFICE FOR PRICE, DELIVERY AND
APPLICATIONS ASSISTANGE.

Lty
UTPUT
] SEMICONDUCTOR-COMPONENTS DIVISION

TEXAS@]NSTRUMENTS
INCORPORATED

——— o —

v POST OFFICE BOX 312
2y e DALLAS. TEXAS
i 50 musec 4 J
———— 100 musec SEE OVERLEAF



TYPES 2N705, 2N710 and 2N711
P-N-P DIFFUSED-BASE MESA GERMANIUM TRANSISTORS

- - - -

&

mechanical data: Welded case with glass-to-metal hermetic seal between case and I”
leads. Approximate unit weight is 0.35 gram.

R oem

0.190 MIN 0.205 MAX MO0 18CA  couacron LEAD (3)

1

| |

| i

| !

> +0.002 I l

m;:mnsun_“mnu I '

0.100 MIN == BASE LEAD (2) | [

o193 vm EMITTER LEAD (1} : :

1

’ - I i

0.210 MIN 0.225 MAX r——m N “:;:::m i ACTUAL SIZE 1

AN dimensions in inches. nommmmx::m L_ _____ J

absolute maximum ratings at 25°C case temperature (unless otherwise specified)

2N705 2N710 2N711 unit

Collector-Base Voltage . -15 -15 —12 v
Emitter-Base Voltage . -35 —-20 -1.0 v
Emitter Current —50 —50 —-50 ma
Collector Current . - 50 —50 - 50 ma

Total Device Dissipation . 300 300 300 mw*

Collector Junction Temperature . + 100 + 100 + 100 °C
Storage Temperature Range —65 to +100 °C

*Derate af 4 mw/°C; this is equivalent 3o o maximum power rating of 300 mw at o case temperature of 25°C. The power rating in fres air at 25°C is 150 mw.

typical design characteristics at 25°C

2N705 2N710 2N711 unit
symbol conditions min typ max min typ max min typ max
lego Veg = =5, g =0 0.3 3 0.3 3 0.3 3 pa
BV¢eo lg =0,1¢ = —0.1lma -15 —15 -12 v
BVeRo IE = —0.1ma, l¢ = 0 -35 -2.0 -1.0 v .
hfe l¢ = —10ma, Vgg = —0.3v 25 40
lg = —~10ma, Vgg = —0.5v 25 40 20 30
VBE lg = —10ma, g = —0.4ma —0.34 —0.44 | 0.4 —0.50 | —0.34 —-05 | v
Vee(Sat) | l¢ = —10ma, Ig = 0.4ma —0.23 | —0.30 -0.23 | —-0.5% v
lc = —10ma, |g = 0.5ma —0.23 | —050 | v
to &t l VBeco) = 0.5v, Ig (1) = —1ma 60 75 60 75 70 100 musec
ts Vee = —3.5v, Rg = 300 ohms 75 100 75 100 100 200 musec
ts j Ig2) = 0.25 ma 80 100 80 100 90 150 musec
r_BASE-EMI'ITER VOLTAGE vs COLLECTOR CURRENT | COLLECTOR- EMITTER VOLTAGE DC FOWARD~—CURRENT TRANSFER RATIO_I
I (WITH BASE CURRENT AS A PARAMETER) I vs COLLECTOR CURRENT vs COLLECTOR CURRENT I
-10 (WITH BASE CURRENT AS A PARAMETER) 7 —T
I I -10 T T I ' " l
i I + +— | fe i I
-08 i =F=Volea
: | SES e LT |
¥ | & =emlE) ” |
I g_‘u ‘ I -4 "; '”""7‘7;’ l Eo|l _/k I
3 g L= -40mo—n /’ &
I 4 Ej—r I - | s I = I
-0.4 |— =%\ \ T . ' | g 0
l b= -04mo- i, = -Ima l 3 b= -100ma I £ ' =10y I
T é e B T
I S -02 I S / b= -60ma | & I
K | 2 | 3 |
I | |

=10 -2 -3
COLLECTOR CURRENT - ma

-4 - 50

| =
0 -10 -0 -3 -40 -50 -60 0 ~10 -0 -30 40 -50 -50
COLLECTOR CURRENT — ma I COLLECTOR CURRENT —ma
— e S ——— S w— S G S— — — — —— ——— ———— —

TEXAS f?’,_. INSTRUMENTS

SEMICONDUCTOR-COMPONENTS DIVISION
POST OFFICE BOX 312 . OALLAS.TEXAS

INCORPORATED __e:;:.:. ke
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NOW, FROM DELCO RADIO, A COMPLETE LINE OF SMALL, HIGH-POWER TRANSISTORS!

The four new Delco transistors, plus the 2N1172 40-volt model,
2N1172 |2N1611 {2N1612 | 2N1609 | 2N1610 offer highly reliable operationin a new range of applications where
space and weight are restricting factors.

i = y - W Designed primarily for driver applications, Delco's versatile new
20 20 20 40 40 transistors are also excellent for amplifiers, voltage regulators,
Servo amplifiers, miniature power supplies, ultra-low frequency
30 40 40 60 60 communications, citizens' radio equipment and other uses where
substantial power output in a small package (TO 37) is required.

1.5 A b 1.5 A
Special Features of Delco’s Four New Transistors: Two
100 1 a 100 x a gain ranges. Can be used on systems up to 24 volts. Can be
mounted with the leads up or down with the same low thermal
50/125 50/125 resistance of 10° C/W. Dissipation up to 2 watts at a mounting

base temperature of 75°C.

06V 0.6V

Available in volume production. Write for full engineering data.

[DELCO

Newark, New Jersey Santa Monica, California Chicago, lllinois Detroit, Michigan
1180 Raymond Boulevard 726 Santa Monica Boulevard 5750 West 51st Street 57 Harper Avenue RA D I O
A 4

Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 Tel.: Portsmouth 7-3500 Tel.: Trinity 3-6560

Division of General Motors + Kokomo, Indiana

See you at the WESCON Show, Booths 2345 & 2347
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) MODEL 500

INTERFERENCE LOCATOR

LOCATE
rf NOISE
SOURCES
QUICKLY

®

P

y 4

This versatile instrument is a
highly sensitive interference lo-
cator—with the widest frequency
range of any standard available
unit! Model 500 tunes across the
entire standard and FM broad-
cast, shortwave, and VHF.TV
spectrums from 550 kc. to 220
mc. in 6 bands.

It's a compact, portable, rug-

<

ged, versatile instrument—engi- 4

neered and designed for most
efficient operation in practical
field use, It features a transistor-
ized power supply, meter indi-
cations proportional to carrier
strength as well as sensitivity of
v 5 microvolts minimum for 5%
meter deflection over entire tun.
“  ing range.
For full details, send for bro-

-

A

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

chure IL-106. ~
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FCC Hearings Stress

Global communications and frequencies required are under

discussion in Washington as industry presents its views

SPACE COMMUNICATIONS proponsals
are under scrutiny in Washington
this week following industry com-
ment on the much-contested hear-
ings above 890 Mec.

The issue is whether or not fre-
quencies should be set aside ex-
clusively for earth-to-satellite com-
munications. On opposite sides are
American Telephone & Telegraph
Corp. and Electronic Industries As-
sociation.

AT&T, in presenting a global
communications system proposal,
contends that co-channel interfer-
ence will result between earth-sat-
ellite systems and point-to-point
microwave links unless special al-
locations are made.

EIA representatives counter that
satellite communication systems
(passive and active) will not cause
harmful interference with con-
ventional point-to-point ground
microwave installations. Oral pre-
sentations were made last week by
EIA’s W. L. Firestone (Motorola)
and S. G. Lutz (Hughes Aircraft)
before the Commission.

Part of EIA’s written testimony
stated that satellite communica-
tions systems were far enough in
the future to allow allocations to

be handled by groups of the Inter-
national Telecommunications Un-
ion that are slated to review space
communications at an extraordi-
nary Administrative Radio Con-
ference in 1963.

FCC responded by initiating a
general inquiry concerning space
communications requirements and
asked for public comment by March
1961. EIA spokesmen say they plan
to comment.

EIA’s position is that the U.S.
presentation at the Geneva Con-
ference of ITU last December
covered frequency demands for to-
day’s operations and requirements
in space communications, and that
subsequent filings should be con-
fined to nongovernment space sys-
tems.

Included in the EIA presentation
was a study by the Association’s
microwave section chaired by L. G.
Walker (Raytheon). The conclu-
sions of the study group are:
Satellite communications using
either passive or active repeaters
will not cause harmful interference
to ground links operating on the
same frequencies if reasonable en-
gineering judgment is used; sur-
face point-to-point systems will not

Holmdel, N. J. site will figure in future earth to satellite systems

electronics



Space Needs

cause harmful interference to sat-
ellite systems on the same frequen-
cies if reasonable engineering
judgment is used; it is not neces-
sary that special allocations be
made; and any nongovernment
authorization for satellite com-
munications purposes should be
within present allocations for fixed
services.

On the other side, AT&T points
to the growing need for more global
communications facilities and sees
satellite systems as an answer. In
written and oral testimony before
the Commission, Bell Labs presi-
dent James Fisk and members of
his staff asked that specific fre-
quencies above 890 Mc be set aside
now as a guarantee against co-
channel interference.

To support the testimony, the
AT&T men presented a plan to
the Commission based on work al-
ready done with National Aeronau-
tics and Space Administration and
other space research groups.

According to the AT&T testi-
mony, a system of about 50 satel-
lites in random polar orbits about

3,000 miles high could provide
worldwide communications with
about 26 transn.itter - receiver

ground terminals.

Such a system could be estab-
lished for $115 million ($65 million
for ground stations, $50 million
for satellites). Each pair of ground
stations, says AT&T, could provide
600 telephone circuits. For about
$565 million more, the equipment
could be further adapted to provide
transoceanic television between
each pair of stations.

According to testimony, AT&T
would expect to use such a satellite
system for international commu-
nication and, in collaboration with
foreign organizations, would share
the cost of the satellites.

As part of the AT&T filing, com-
pany spokesmen laid particular
stress on the growing traffic load
in today’s communications.

Avgust 5, 1960

NEW! SPRAGUE

LOGILINE*
CIRCGUITRY

for digital system design

LOGILINE circuitry features a
series of 5mc/s transistor switch-
ing circuits in building block
form. Basically a pulse-level sys-
tem, LOGILINE circuitry per-
forms all of the digital functions
required by computer designers,
including combinational logic,
temporary storage, pulse sourcé,
and pulse amplification.

Because LOGILINE “building
blocks” are pre-designed to in-
corporate standardized switch.
ing circuits, you can save many
hours of valuable design time.
The basic plug-in feature, which
has gained wide acceptance
throughout thedigitalindustry, is
another note-worthy time saver.

LOGILINE offers designers the flexibility of encapsulated
packages and the versatility of conventional wiring
board construction for standard equipment assembly.

LOGIPAK* encapsulated packages

e Epoxy encapsulated for protection against severe environmental conditions
o Smaller in size than standard wiring board assemblies, in keeping with the mod-
ern trend toward miniaturization e Priced lower than standard assemblies, due
to simplified production techniques o Transistors are accessible for test or re-
placement e Pins have standard grid module spacing of 0.1 inch e Standardized
configuration—ideal for prototype design, equally suitable in final production.

Logipak series includes:

110021 Inverter

110022 Diode

110023 Complementary Trigger
210021 Flip-Flop

210022 Trigger Network’
210024 Shift Register Flip-Flop

210025 Delay
3100Z1 Clock
3100Z2 Pulse Generator
310023 Pulse Amplifier
310024 Indicator Driver

LOGICARD* wiring board cards

o Epoxy glass etched wiring board and twenty-two pin
connector in aluminum frame e Designed for insertion
into pre-wired rack mounted panel ¢ Completely inter-

changeable with comparable units.

Logicard series includes:

1000Z1  Inverter 2000Z4
1000Z2 Diode 300021
2000Z1  Flip-Flop 300022
2000Z2 Dual Flip-Flop 300023
2000Z3 Delay 3000Z4
*wademark

For complete data on LOGILINE
circuitry, or application assistance on your
digital design problems, write to Special
Products Div.,Sprague Electric Company,

35 Marshall St., North Adams, Mass.

3-Digit Shift Register
Clock

Pulse Amplifier
Pulse Generator
Indicator Driver
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NEW PRODUCTS

DEMAND NEW TOOLS!

We not only keep up, we
actually keep ahead of
your needs for special
hand tools. Already pro-
duced and stocked in
quantity by Utica are the
important new pliers,
wrenches and other spe-
cial hand tools that you
will need in the assembly
of your new designs. All
have been proved through
application. All are backed
by famous full guarantee.

Get the full story. Talk to
your Utica distributor or
write for our fatest hand
tool catalog.

Utica Drop Forge & Tool
Division, Kelsey-Hayes
Company, Utica 4, N. Y.

tools the experts use!

MEETINGS AHEAD

Aug. 8-11: American Astronautical
Society, Western National; Olym-
pic Hotel, Seattle, Wash.

Aug. 8-19: Vibration Testing, Sine,
Complex and Random Wave,
Theory and Practice; Ling Elec-
tronics, Anaheim, Calif.

Aug. 9-12: American Institute of
Elec. Engrs., Pacific General;
San Diego, Calif.

Aug. 15-19: High-Speed Photog-
raphy, Stroboscopic Light Lab-
oratory; MIT, Cambridge, Mass.

Aug. 18-19: Electronic Circuit
Packaging Symp.; Univ. of Colo.,
Boulder, Colo.

Aug. 22: Scientific Apparatus
Makers Assoc., Market Managers,
SAMA; Statler Hilton, Los
Angeles.

Aug. 22-26: Thermonuclear Plasma
Physics, Symposium; Oak Ridge,
U. S. Atomic Energy Comm.,
Gatlinburg, Tenn.

Aug. 23-26: Western Electronic
Show and Convention, WESCON ;
Memorial Sports Arena, Los
Angeles.

Aug. 23-26: Association for Com-
puting Machinery, Nat. Conf.;
Marquette Univ., Milwaukee.

Aug. 23-Sept. 3: National Radio
& TV Exhibition; Earl’s Court,
London.

Aug. 29-31: Metallurgy of Ele-
mental and Compound Semicon-
ductors AIME; Statler Hotel,
Boston.

Sept. 7-8: Value Engineering,
EIA; Disneyland Hotel, Ana-
heim, Calif.

Sept. 7-9: Automatic Control, Joint
Conf., ASME, IRE, AIEE, ISA,
MIT; Cambridge, Mass.

Sept. 9-10: Communications: To-
morrow’s Techniques—A Survey,
IRE; Roosevelt Hotel, Cedar
Rapids, Ia.

Sept. 13-14: Bionics Symposium,
Applying Biological Principles to
Engr. Design, ARDC, Wright Air
Devel. Div.; Dayton Biltmore
Hotel, Dayton, O.

Oct. 10-12: National Electronics
Conf., Hotel Sherman, Chicago.
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®TUNG-SOL

SILICON POWER RECTIFIERS




This select line fits the
broadest variety of appli-
cations.Eachunitdelivers
across-the-board versa-
tllity and directly replaces
many existing types.

® They are designed to serve with un-
qualified dependability in the most
exacting military and commercial ap-
plications.

® They are manufactured to exceed
the most stringent conditions imposed
by military specifications.

® They are conservatively rated to
assure unexcelled long-term reliability.

® They feature very low forward volt-
age drop and low reverse leakage rat-
ings which promote high rectification
efficiency, excellent regulation and
very low internal losses.

® They are precision engineered to
assure the utmost intop-performance
uniformity and stability, and to func-
tion at maximum capacity even under
the most severe environmental and
electrical overload conditions.

® They carry with them the built-in
reliability and peak performance
standards associated with all Tung-Sol
components—a result of Tung-Sol's
pace-setting quality assurance pro-
gram.

AUGUST 1960

% TUNG-SOL

SILICON POWER RECTIFIERS

Max.
Full
ank Averag Maxi Voltag: S
everse verage aximum oltage u
_ Voltage Forward Reverse Drop cnm"n'tt
Type (Volts) Current Current * (Volts) (Amps)
1N538 200 750 mAde 250 uAde 05
250 mAdc (@ 150°C
1N540 400 750 mAde °C | 250 wAdc 05
250 mAde @ 150°C
IN547 600 750 mAdc @ 250 pAde 05
250 mAdc @ 150°C
N253 100 1.0 Ade 100 pAdec -
N254: 200 0.4 Ade 100 zAde -
N255 400 0.4 Adc 150 xAdc 1.0 A
N256 600 0.2 Ade 250 pAde -
N1181 50 20 Adc mAdc 55 250
N1192 100 20 Adc mAdc .55 ) Full 250
N1193 150 20 Adc mAde 55 [ cycle 250
N1194 200 20 Ade mAdc 55 l;s. 250
N1195 -300 20 Ade ‘mAdc: 55 7150°C 250
1196 400 20 Adc mAdc 55 | case 250
N1197 500 20 Ade mAde .55 § temp. 250
1198 600 20 Adc mAdc 55 250
£S-120Z 50 25 Ade mAde 55 350
CS-120A 100 25 Adc mAdc 55 350
CS-1208 200 Adc mAdc 55 350
£S-120C 300, 25 Ade mAde. 55 350
€5-1 400 ‘Adc mAdc 55 350
CS-120E 500 25 Adc mAdc .55 350
CS-120F 600 25 Adc ‘mAdc 55 350
1N1183 50 35 Ade 10 mAdc 0.6 500
IN1184 100 35 Anc 0 mAdc 0.6 § full 500
1N1185 150 Adc 10 mAde 0.6 [ cycle 500
1N1186 200 35 Ade 10 mAde 0.6 \ avg. 500
IN1187 300 5 Ade 10 mAde 0.6 /140°C 500
111188 400 35 Ade 10 mAde 0.6 | case 500
1N1189 500 35 Ade 0 mAde 0.6 § temp. 500
IN1190 600 35 Ade 10 mAde 0.6 500
Peak Fwd.
Reverse Ave Maximum Vol Surge
Volua)e Forward Reverse Drop* Currentt
Type (Volts Current Current* (Voits) (Amps)
50 Amp CH116Z 50 50 Ade 20 mAde 11 500
150°C CH116A 100 50 Adc 20 mAde L 500
Case CH1168 200 50 Adc 20 mAde L 500
Temperature CH116D 400 50 Ade 20 mAde B 500
CHI16F 600 50 Adc 20 mAde 1] 500
70 Amp 1N1396 50 70 Ade 15 mAde B 1500
150°C 1IN1397 100 70 Ade 15 mAde . 1500
Case 1N1398 150 70 Adc 15 mAde £, 1500
Temperature 1N1399 200 70 Ade 15 mAdc .: 1500
1N1400 300 70 Adc 15 mAdc 1 1500
1N1401 400 70 Ade 15 mAde % 1500
1N1402 500 70 Ade 15 mAdc .3 1500
70 Amp CH109Z 50 70 Ade 30 mAde * 1500
150°C CHI09A 100 70 Ade 30 mAde .3 1500
Case CH1098 200 70 Ade 30 mAde 8 1500
Temperature CH109C 300 70 Ade 30 mAde o 1500
CHI09D 400 70 Adc 30 mAdc b 1500
CHIO0SE 500 70 Ade 30 mAde . 1500
80 Amp 1N1281 50 80 Adc 30 mAdc .3 1500
150°C 1N1292 100 80 Adc 30 mAdc .3 1500
Case 1N1293 200 80 Adc 30 mAdc 3 1500
Temperature 1N1294 400 80 Adc 30 mAdc .3 1500

A Max. fwd, voltage drop @ 0.5 amp., 25°C case temperature
* Full cycle average for rectifier uoemins into inductive or resistive load at rated current and voltage

** 50 amp units @ 100-amps D.C. and 25°

70 and 80 amp units @ 150 amps D.C. and 25°C
+ Max. haif sine wave peak current for one cycle @ 60 cps
Storage temperature range for all types . . .~65° to 200°C

Write for the new Tung-Sol interchangeability chart and complete technical
information. Tung-Sol Electric Inc., Newark 4, N. J. Technical assistance is
available through the following sales offices: Atlanta, Ga.; Columbus, Ohio;
Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; irvington,
N. J.; Melrose Park. lll,; Newark, N. J.; Philadelphia, Pa.; Seattle, Wash.

Canada: Toronto, Ont.

% TUNG-SOL
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Science fiction at Los Alamos

I8 this the shape of things to come in Sherwood?

Mate before starting operation

Quizk Acting valve (closed) |
=

to drive magnet

@ Hydromagnetic gun — @ Picket fence mageetic bottle —

The cusped geometry or picket fence was pro-
posed back in 1954 independently by Grad at
N.Y.U. and Tuck at Los Alamos, to get around
hydromagnetic instability of plasma-magnetic
field interfaces. Nobody did much about it at the
time. The pinch effect seemed to hold more
promise, so why bother about a leaky picket
fence? A large magnet to produce a DC picket
fence geometry was built but laid aside. For
several years the stabilized toroidal pinch (called
Perhapsatron at Los Alamos) held the stage.
But as our measuring techniques got better, the
pinches began to show a most sinister behavior.
An apparently stabilized pinch which should
have been radiating energy at the rate of several
kilowatts, turned out to be losing it at a rate of
hundreds of megawatts. As we got the impurities
out of the system, the losses seemed to go down,
One pinch (Perhapsatron S-5) has seemed so
clean we are trying to raise its temperature to
thermonuclear levels by pouring in more power,
Then there appeared the spectre of plasma oscil-
lations and their evil effects on magnetic confine-
ment. In principle, plasma oscillations can thrive
on the interaction of a fast wind of plasma elec-
trons moving through a slower cloud of plasma
ions. This makes things look bad for the pinch ef-
fect, because the plasma has to have a large elec-
tric current in it, and therefore an electron wind,
The Russians delivered the next blow. Trubnikov
and Kondryatsev predicted an enormous cyclo-
tron radiation flux from a plasma containing a
magnetic field. This would ruin the chances for
DD reactors, and make things tough even for
DT reactors. Among other complications, a
nearly perfect mirror would have to be placed
around the inner wall of the plasma container to
reflect the radiation back.

Then Rosenbluth and Drummond argued that
when the angular distribution is considered, the
radiation isn’t really so bad—say 1/50th of what
T and K say. Now Trubnikov has come right
back with another paper that says it is five times
worse than R and D said it was. The above
theories are pretty simple—the real problem is
exceedingly difficult theoretically. It may be
quite a while before there is anything new in
this direction.

Anyhow, the point is that DD reactors with
magnetized plasmas now seem to be out. But
some people, like Tuck, claim that DD reactors
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are the only ones that make sense, since a DT
reactor which must carry on its back a mon-
strosity of a tritium recovery plant could never
compete with fission power anyhow,

This brings us to the point that if we want to
have a DD reactor, it has to have no magnetic
field in its plasma. So all right, don’t put a mag-
netic field in the plasma. Unfortunately, there
aren’t any magnetic confinement systems stable
enough to hold a pure plasma, except one. You've
guessed it—it’s the picket fence.

So we went back to the warehouse and dusted
off the magnet we built long ago. Already it is
going full blast, a second one has been built and
a third one is on its way. Of course, we aren’t
alone any more in this field. Small cusped geo-
metries are being studied at General Atomic,
Livermore, Stevens, Harwell, Utrecht and Khar-
kov. Pretty soon we will have only picket fences
and plasma guns at Los Alamos, aside from a
few Scyllas to study plasma at thermonuclear
temperatures, unless old Perhapsatron S-5 does
something pretty spectacular.

The diagram of Picket Fence I (above), run by
D. Hagerman and J. Osher, shows how plasma is
injected as a slug, strong enough to push
through the magnetic field and spread out inside.
(This is called entropy trapping, but that’s an-
other story). Does it work? Well, that depends.
It’s a lot more complicated than we thought. At
first, we nearly died of joy when the plasma was
shot in and seemed to stay around for ages in
our time scale (1000 microseconds), emitting
light in the process. But when a magnetic probe
was inserted, the harsh truth was revealed—the
containment lasted only a few microseconds. In
other words, the long time period we thought we
had observed was merely cold plasma emitting
light by recombination.

Just lately, however, Messrs. Hagerman and
Osher have cleaned things up to the point that
hot plasmas are pushing the field aside strongly
and are keeping the inside field pushed aside for
very satisfying periods, like 50 microseconds.
Also, if we keep the magnetic probe out of the
way of the plasma, it stays around longer, which
is what it should do. This particular picket fence
is a horror to keep a vacuum in, as it is com-
pletely overrun with O rings. The next one will
be baked. Fun, eh?

What about the leaks in the fence? It is pretty
leaky, but we think we have an answer to that

too, so watch for the story on the TLC picket
fence one of these days.

For employment information write:
Personnel Director, Division 60-73

scientific laboratory

| OF THE UNIVERSITY OF CALIFORNIA

LOS ALAMOS, NEW MEXICO
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Vanguard III used proton precessional magnetometer to measure fields

Magnetic Measurements in Space

Proton precessional and optically pumped magnetometers can be used to make

magnetic measurements in space. Data obtained may prove theories

By DOLAN MANSIR,
Project Engineer, Varian Associates,
Palo Alto, Calif.
THE SCIENTIFIC objectives of send-
ing magnetometers into outer space
are of sufficient importance to hear
repetition. It is generally agreed
that the earth is comparable to a
bar magnet, with poles located in
the Arctic and Antarctic regions.
While the knowledge of the exist-
ence of such a magntic field is one
of the oldest physical phenomena
known to mankind, the origin and
exact nature of the earth’s field can
only be postulated.

There is superimposed on the
main magnetic field a daily varia-
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tion (diurnal variation) which is
believed to be caused by electric
currents in the ionosphere. Also,
magnetic storms are not uncommon.
There is some relationship be-
tween these magnetic storms and
sunspots. The recent discovery of
the Van Allen radiation belts has
lead to postulations of currents that
could cause magnetic variations at
the surface of the earth. The true
description of the earth’s magnetic
field is often masked by geological
irrgularities in the earth’s crust.
For these reasons it is difficult
to make an accurate map of the
earth’s magnetic field. Time-cor-
related magnetic measurments in

space and at the earth’s surface
may provide some basis for proving
old theories or formulating new
ones. In addition, it is expected
that measurements of the lunar
magnetic field and magnetic fields
of other planets will contribute
greatly to understanding the origin
of the earth’s magnetic field.

In the Vanguard III satellite,
which made measurements at alti-
tudes from 510 to 3,750 km,
magnetic field measurements were
made by a proton precession mag-
netometer. Later satellites will use
optically pumped alkali vapor mag-
netometers to make these magnetic
measurements.
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The proton precession magne-
tometer was conceived by the late
Russell Varian.! The nucleus of the
hydrogen atom, a proton, is known
to have a magnetic moment and
spin angular momentum. These two
properties determine a physical con-
stant called a gyromagnetic ratio;
the equation w = y,H relates fre-
quency (w), gyromagnetic ratio
(v,) and magnetic field intensity
(H). This frequency is known as
the Larmor, precession or nuclear
resonance frequency.

The proton has often been likened
to a gyroscope. If a spinning gyro-
scope is acted upon by an external
torque it will start to precess. The
proton, when acted upon by a
torque M, X H, produced by the
interaction of the magnetic moment
of the proton and the environmental
magnetic field, will also precess at
the Larmor frequency.

The precessing of a single proton
is impossible to detect. A number
of protons must precess in phase
coherence to have a detectable ro-
tating magnetic moment. The
method of obtaining phase coher-
ence in the spin systems of the Van-
guard III magnetometer is surpris-
ingly simple.

A container of liquid, abundant
in hydrogen, is placed in a rela-
tively strong magnetic field (600 or
700 gauss) that has a direction
other than the earth’s magnetic
field. Now if the strong magnetic
field is suddenly removed (in a
time short compared to one Larmor
period) the nuclei will precess
about the earth’s field at the Lar-
mor frequency. After a short time,
approximately three seconds, the
phase coherence is lost and it is
necessary to start with the aligning
process again. If the aligning or
polarizing field is normal to the
earth’s magnetic field a maximum
amplitude signal is obtained. Any
other orientation results in de-
creased signal amplitude, but there
is no orientation dependence of the
precession frequency.

Since the gyromagnetic ratio is
known to an accuracy better than
one part in 100,000, it is possible to
measure absolute values of mag-
netic field to this accuracy by meas-
uring the frequency of precession.
Relative measurements can be even
more accurate—accuracy being
limited only by the electronics in
the system. The earth’s field is
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nominally 0.5 gauss in the United
States, and precession frequencies
are in the order of 2,000 cycles.

A block diagram of the magne-
tometer portion of Vanguard III is
shown in Fig. 1. Only the command
receiver and tracking transmitter
were continuously powered during
flight. Magnetic measurements were
made when the satellite was within
command range of a Minitrack
tracking station, and a simultaneous
measurement was made of the mag-
netic field at ground level.

Turn-on and turn-off are accom-
plished as shown in Fig. 2. The
ground command causes a momen-
tary relay contact closure in the
command receiver. This action
turns the magnetometer circuits on.
During the 0.1 second command
relay K, is closed, K, is energized
through the normally open contacts
of K, and R, through to the battery.
The plus battery is connected to the
magnetometer growind through the
contacts of K, allowing emitter cur-
rent to flow in @, holding K, ener-
gized.

Turn-off is accomplished after
one magnetic measurement by cou-
pling a positive pulse to the base of
@,, driving it to cutoff and allowing
K, to drop out.

The second set of contacts on K,
switch charge capacitors C, and C,
into monostable multivibrator Q,
and @, (polarize multivibrator, Fig.
1). The capacitors are charged to
the battery potential between com-
mands. This stabilizes the multi-
vibrator period. Also, the voltage
across the capacitors is such that
the multivibrator is forced to trig-
ger to its unstable state immedi-
ately upon turn-on.

An additional feature of the
turn-on circuit is a safeguard
against a temporarily locked-on
command receiver relay. From Fig.
1 it is seen that the timing func-
tions of the magnetometer are ac-
complished by the 2-second polarize
multivibrator and the 2-second de-
lay multivibrator. The turn-off
pulse is derived by differentiating
the negative pulse from the delay
multivibrator. If the command re-
ceiver relay (K, of Fig. 2) failed
to open in less than 4 seconds, the
turn-off pulse would be ineffective
in turning off K,, and the circuits
would remain on. A second trigger
pulse, due to the discharge of C,
through R,, R, and the command

relay’s normally closed contacts, is
coupled to the polarize multivi-
brator through C,.. So, even if the
command relay stayed on several
minutes, the magnetometer would
merely go through another polarize-
measure cycle and then turn off.

The sensing head is simply a
solenoid of 600 turns of aluminum
wire. When connected to the 14.5
volt battery a current of about 7
amp passed through the coil, result-
ing in a polarizing field of about 600
gauss. Thus the sensing head or
coil furnishes the strong magnetic
field for polarizing nuclei and the
precessing magnetic moments in-
duce the signal voltage in it. Fig-
ure 3 is an oscillograph of a signal
from the Vanguard magnetometer
while over Australia.

When the 600 gauss field is
switched off rapidly, the self-in-
duced voltage across the coil would
rise to several hundred volts if
nothing were done to prevent it.
This could cause insulation break-
down or excessive arcing in the
switching relay. The coil is damped
by paralleling (see Fig. 2) R, and
R, with C,. This combination is
connected across the coil through
silicon diode D,. The 5 ohms re-
sistance is sufficient to overdamp
the coil, and C; limits the amplitude
of the half-cycle transient. Diode
D, switches the combination out of
the circuit when the voltage across
the coil drops to less than 0.3 volt.

The proton supply, normal Hex-
ane, is contained in the core of the
coil. Hexane was chosen because of
its low freezing temperature and
because its relaxation time (the
time for phase incoherence to oc-
cur) is relatively long even at sub-
zero temperatures.

The signal voltage, V, available
to the amplifier is given by

Vs = MoQmA/ V2

where M is the polarization of the
proton supply per unit volume; A,
the average area of the coil; o,
the angular precession frequency;
n, the number of turns in the re-
ceiving coil and @, the effective Q
of the coil.

Since M is proportional to the
polarizing field in the sensing head,
and thus proportional to the polariz-
ing coil current, it is possible to
calculate an optimum coil for a
given polarizing power and maxi-
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FIG. 8—Trace from outer space

mum weight-size specifications. The
factor M is also proportional to a
parameter, called filling factor, that
accounts for the coefficient of cou-
pling between precessing nuclei and
the turns in the coil. The filling
factor for a solenoid is difficult to
calculate; therefore, it was assumed
that the proton supply was con-
tained in a sphere in the center of a
solenoid. Using this assumption the
optimum ratio of coil radius to pro-
ton supply radius was calculated.
The satellite magnetometer coil is
a close approximation to the calcu-
lated coil parameters.

The signal voltage available at
the coil terminals, at optimum ori-
entation and at a frequency of
about 2,000 cycles, was calculated
to be in the order of 2 microvolts.
Since the signal voltage is fre-
quency dependent, the amplifier
bandpass was made to peak near the
center of the predicted range of
frequencies to be encountered, and
to fall off at about 12 db an octave
at higher frequencies. The 3-db
down points were 600 cycles and
2,200 cycles. The noise figure of the
amplifier is sufficiently low to re-
cover signals from the noise at 300
cycles to 2,400 cycles. A good noise
figure was obtained by selection of
the first amplifier transistor, and
matching of the sensing coil to the
base of the first amplifier. The
2N43 transistors were less noisy
than several other types that were
tried.

Care was taken to reduce the
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number of pieces of magnetic ma-
terials used in the construction of
the satellite structure and the elec-
tronics. Errors due to iron pieces
that could not be eliminated were
measured to be in the order of 1
gamma (one gamma equals 10~
gauss). The goal at the beginning
of the magnetometer satellite pro-
gram was to have less than 5 gam-
mas error.

The only other source of appreci-
able error lies in the tumble rate of
the satellite. The tumble frequency
could add to or subtract from the
precession frequency and a one cy-
cle per second tumble could give
an error of about 23.5 gammas. The
tumble frequency of Vanguard III
is about 0.09 cycles per second,
equivalent to about 2 gammas. This
error can be corrected since the
tumble frequency can be obtained
from both the age in the ground re-
ceiver and optical aspect in the sat-
ellite.

At this time, little more than 10
percent of the data obtained from
Vanguard III has been analyzed, so
only a few general statements re-
garding the results can be made. In
the absence of magnetic storms the
fields in space are exceptionally sta-
ble. There is a possibility that a
magnetometer altimeter could be
useful in space vehicles. In general
the magnetic storms in space are
negative when they are negative at
the earth’s surface, indicating the
main electric current producing a
storm is located at some distance

above the inner radiation belt. The
data indicate that electric shell cur-
rents occur at different distances
from the earth for different storms
and that the distance may vary with
time during a given storm. Meas-
ured fields range from 0.07 gauss
at apogee over South America to
0.375 gauss at perigee.

Although the Vanguard III mag-
netometer represents a real advance
in space magnetic measuring in-
struments, it has two disadvantages
which practically preclude the pos-
sibility of eventual flight in a deep
space probe. The instrument re-
quires some 200 watt-sec of power
to make a single measurement and
the signal amplitude from the de-
vice is field dependent. It would not
be practical to build an instrument
to measure fields weaker than about
5,000 gammas because of increased
weight and power requirements.
The optically pumped alkali vapor
magnetometer overcomes these limi-
tations.

The optical pumping process was
invented by A. Kastler.? In the mag-
netometer to be described, the
method of observing the pumping
process was conceived by H. G.
Dehmelt®? of the University of
Washington at Seattle.

Optical pumping consists of rais-
ing atoms from a low energy state
to a higher energy state. Consider
the energy level diagram for ru-
bidium in Fig. 4. This shows the
three lowest allowed values of the
total energy of the atom. These en-
ergy levels can be further broken
down into several additional energy
levels (shown as dashed lines),
but for the present consider only
the three.

In the absence of external influ-
ences, the electrons of the rubidium
atoms will be in the unexcited or
ground state. To pump electrons
to the P or excited state it is neces-
sary to expend energy. Electrons
can be excited to the P state by
bombardment with electron or ion
beams, or by irradiation with light
of the correct wavelength. Elec-
trons will not remain in the P state;
they fall back immediately into
lower energy states. In so doing
they emit electromagnetic radiation
which accounts for the energy nec-
essary to raise them to the P state.
Electrons returning to the ground
or S state have equal probability of
returning to either of the two Zee-
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man splittings. Those which end
up in the higher energy level are
trapped. Those which return to the
lowest energy level are available to
be pumped again. This is the proc-
ess by which electrons are raised to
a higher level.

In practice, rubidium vapor in a
sealed glass cell is irradiated with
light from a rubidium spectral
lamp. As long as the light has
enough intensity to pump faster
than the electrons can be depumped
by thermal agitation, the gas cell
will be more transparent to the
rubidium light than it would be if
no pumping had taken place.

Transitions between energy lev-
els correspond to definite spectral
lines in the electromagnetic spec-
trum. For instance, transitions be-
tween the P states and S states emit
visible wavelength in the order of
several thousand megacycles (these
transitions are not dependent upon
the magnetic field and are being
used in atomic clock applications).
When the rubidium atoms are
placed in a magnetic field, the
higher energy level of the S- state
hyperfine splitting further splits
into five levels called the m levels.
Transitions between m levels are
magnetic-field dependent and there-
fore can be used in a magnetometer
system.

For Rb 87 the transition between
m levels is at the rate of 699,632
cvcles per second in a one-gauss
field. To cause transitions between
m levels the pumped gas cell is ir-
radiated at the Larmor frequency
by an electromagnetic field devel-
oped in a coil of wire wound around
the cell. The transitions cause an
intensity modulation of the light
beam transmitted through the
cell. Modulated light is detected
with a mosaic of silicon solar cells
and the photoelectric eurrent is am-
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FIG. ,—Atoms are optically pumped
between energy levels
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plified. The amplifier drives the
field coil at the cell to perpetuate
the transition between m levels. The
result is an apparatus which con-
tinuously oscillates at a frequency
which is proportional to the earth’s
magnetic field.

The complete signal producing
apparatus is shown in block dia-
gram Fig. 5. The rubidium spectral
lamp transmits light through a
filter (to remove unwanted spectral
lines), collecting lens, circular po-
larizer, gas cell and focusing lens to
the silicon cell mosaic. The mosaic
drives the amplifier, which drives
the feedback coil and, in the rocket
magnetometer, modulates the te-
lemeter transmitter.

To develop high intensity noise-
free low-power light sources it was
necessary to develop new lamps.
Commercially available lamps were
bulky, required high power, and,
worst of all, were so noisy that they
were of little use.

The present lamps are electrode-
less, the discharge being produced
by an r-f field at 100 Mc. The tank
coil of a 100-Me oscillator is wound
around the lamp bulb. The bulb con-
tains rubidium metal and krypton.
The electric field first ignites the
krypton. When the temperature in
the bulb reaches approximately 100
C. the discharge is through the ru-
bidium vapor. Power consumed in
the lamp package is approximately
5 watts. This includes heater power
for the subminiature 5718 triodes.

The amplifier for this magnetom-
eter presented some unusual engi-
neering problems. The physics of the
system require that the feedback
field to the cell be 90 degrees lead-
ing phase angle with respect to the
modulated light. The silicon mosaic
appears capacitive between the fre-
quencies of 50 Ke to 300 Kc, which

phase angle for magnetic fields cor-
responding to this frequency range.
For frequencies of 50 Kc down to a
few cycles (the ratio is about 7 cy-
cles a gamma) the silicon mosaic
can be made to look resistive, or at
least to be resistive up to a few kilo-
cveles and contribute a small phase
angle over the rest of the band. For
this frequency band it will be nec-
essary to make the amplifier phase
shift a precise function of fre-
quency to achieve the 90-degree
phase. Because of these phase shift
characteristics the present models
of magnetometers are being built
to cover either the range of 0.5
gauss (350 Ke) to 0.07 gauss (49
Ke) or 0.07 guass (49 Ke) to 1
gamma (7 cycles). The latter range
is suitable for lunar and inter-
planetary probes where operation
at altitudes less than one earth
radius is not essential.

There are a number of advan-
tages of the optical pumped ru-
bidium system over the proton free
precession system. These include
greater dynamic range, less power
consumption and faster data sam-
pling rate. Also, signal amplitude
is not a function of frequency and
the higher ¢ factor possible permits
more accurate measurements.

A Thor-Delta vehicle will carry
the rubidium magnetometer to
outer space. A test flight of the
magnetometer in a Javelin rocket
is planned for this summer.
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TURN-OFF CIRCUITS FOR

Although applications discussed here involve inverters, circuit design

information is applicable to other controlled rectifier applications

By DWIGHT V. JONES, Semiconductor Products Dept.. General Electric Co., Syracuse, N. Y.

SILICON CONTROLLED RECTIFIERS are
useful power-switching devices. At
400 cps, the ratio of the maximum
power switched into load to trigger-
ing power received is about 5 mil-
lion, or 67 db. Triggering and turn-
off circuits for controlling the
rectifiers will be described, with
particular emphasis on inverter ap-
plications.

The units can be triggered from
a d-c or a-c source although a pulse
trigger is preferable for most in-
verter applications. A pulse with
steep wavefront assures that recti-
fiers with different triggering sen-
gitivities will still be turned on at
a fixed time. If the rectifier is to
remain in conduction, the cir-
cuit must allow anode current to
build up sufficiently fast to reach
a value above the holding-current
level before the trigger energy is
removed. Thus, the required gate-
pulse width may depend on the cir-
cuit rise time as well as turn-on
time. Turn-on time is about 2 to
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4 usec. For fast turn-on time, it is
desirable to exceed the minimum
gate energy that is necessary to
assure the triggering of any unit
under the most adverse conditions.
For example, a type C35 would re-
quire 3-v, 80 ma at its gate at
~65 C junction temperature; 5 w
is the maximum peak power that
can be applied to gate of any C35.

The unijunction transistor in a
simple relaxation oscillator circuit
provides a pulse source for many
applications. Saturating reactors
have also been used as a pulse
source for triggering.

One of the important design
problems for parallel inverter cir-
cuits involves the triggering of one
rectifier enough in advance of the
second so that the commutating ca-
pacitor will have assumed ample
charge for commutation by the time
the second unit is triggered. A
triggering source that applies al-
ternating pulses to each rectifier in
an inverter application is desirable.

This type of pulse generation is
available from the transistor multi-
vibrator circuit of Fig. 1A. The
two outputs from the multivibrator
give alternating trigger pulses to
each rectifier; input to one is shown
in Fig. 1B. Resistor R, may be ad-
justed for symmetrical operation.
Each 0.1-uf capacitor, in conjunc-
tion with the gate impedance of a
controlled rectifier, differentiates
the square wave at the emitter to
give the desired pulse output. The
diode at the output prevents nega-
tive pulses from reaching the gate.

If the inverter application re-
quires a higher degree of frequency
control, then the transistor multi-
vibrator can be controlled by an ex-
ternal source such as the unijunec-
tion relaxation oscillator (Q))
shown in Fig. 1C. The square-wave
output delivered by transformer T,
is required for triggering some spe-
cial inverter circuits.

Figure 2A shows a parallel in-
verter. Its two unijunction-oscilla-
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CONTROLLED RECTIFIERS

tors (Q, and Q.) could also trigger
series inverters, giving symmetri-
cal operation. This trigger circuit
does not have alternating trig-
ger pulses for each controlled recti-
fier, but it offers an advantage in
simplicity, being a source of trigger
pulses of good frequency stability
despite variations in supply volt-
age and ambient temperature. Uni-
junction transistor Q, operates at
twice the frequency of Q.. The tim-
ing circuit for Q. is set for opera-
tion at slightly less than one half
the frequency of @, but base two
of Q. (its upper base) receives a
sync pulse whenever @, fires. Thus
oscillator Q. operates at exactly one
half the frequency of Q.. Wave-
shapes of Fig. 2A show how Q.
triggers before its emitter reaches
its nominal peak voltage.

Pulse transformer T, couples the
output of @, to Q. to help compen-
sate for the loss in energy when
using an 0.05-uf capacitor (C,) at
the emitter of Q, in place of an
0.1-uf capacitor. The 0.05-uf ca-
pacitor is required to operate @, at
4 Kc and keep charging resistor
R, above 3,000 ohms, making the
relaxation-oscillator circuit stable.

The 56-ohm resistor (R.) at base
two of Q. is made as large as prac-
tical to reduce the shunting of the
Q. output pulse to the gate of Q.
The maximum value for R. is lim-
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ited so that the interbase leakage
current of Q. through this resistor
has a drop of less than 0.25 v. Keep-
ing R. low prevents the leakage
current at extreme temperature
from triggering Q..

Figures 2B to 2G show basic
types of circuits used to turn off
controlled rectifiers. Most inverter
applications use one of the methods
indicated in D, E, F or G. To ob-
tain fast switching times for high-
frequency inverters, the series or
parallel-capacitor circuit (D or F
or G) is used. A rectifier may be
turned off by reducing its anode
current just below the hold-in value,
but the gate will regain control in
a shorter time if the unit is reverse
biased with a low-impedance exter-
nal circuit that will permit a re-
verse current of a few amperes to
flow. This action speeds the recov-
ery time of the two end junctions
(Fig. 3A). The end junctions will
recover in 2 or 3 usec if a reverse
current of equal or greater magni-
tude than that shown in Fig. 3B
were permitted to flow. After re-
covery of the end junctions, the
center junction will recover. After
all junctions recover from their
saturated condition, which existed
during conduction, the controlled
rectifier is capable of blocking in
the forward direction.

A special inverter-type of recti-

fier that has controlled turn-off
characteristics is available. With
this inverter type, the gate will re-
gain control in 12 usec or less at a
junction temperature of 125 C. The
operating inverter circuit must per-
mit a reverse current with time
that meets the criteria specified in
Fig. 3B. If this requirement is
realized, positive voltage may be
reapplied in 12 usec, or longer if
need be, to confine the reapplied
voltage to the designated operating
range (Fig. 3C).

Figure 3D shows the variation in
turn-off time for the inverter-type
rectifiers with different values of
forward current at three junction
temperatures. The curve indicates
the improvement in turn-off time
that can be realized by using the
most effective heat sink that is
practical for a particular applica-
tion. The typical turn-off time for
the C35 series is about twice tkat
of the special inverter unit.

Figure 4A shows a parallel-in-
verter circuit for measuring turn-
off time. The unit under test, @,
is triggered by closing S, and an
anode current of 10 amperes flows.
In about 3 seconds, the junction-to-
stud temperature drop stabilizes at
20 C. If the stud temperature is
maintained at 105 C by an external
heat source, the junction tempera-
ture will then be at the maximum
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Turn-off time of inverter-type unit (D)

rated value of 125 C. During this
time, capacitor C, charges to about
17 v through R,, When S; is closed,
Q. turns on and connects the posi-
tively charged plate of C, to the
cathode of Q, and causes reverse
current to flow. Because of the
turn-on time of Q,, this reversal is
not instantaneous. The impedances
of Q,, Q., R, R, and the circuit wir-

ing limit the reverse current in this
loop. It may be necessary to adjust
R, to obtain exactly 5-amperes peak
reverse current (see Fig. 3B).
After Q, is reverse biased for 12
psec, its anode-to-cathode voltage
passes through zero and builds up
in the forward direction. If the
turn-off time of the rectifier is less
than 12 usec (see Fig. 83C) it will

remain turned off and the ammeter
reading will return to zero. If not,
the rectifier will turn back on and
current will continue to flow
through it until S; is opened. It
will generally be necessary to ad-
just the value of C, to obtain a turn-
off interval of exactly 12 pusec, as
shown in Fig. 3C. The turn-off in-
terval can be measured by observ-
ing the anode-to-cathode voltage of
Q. on an oscilloscope. The time in-
terval between closing S, and S,
should be minimized to prevent
overheating of R. and R,. If the
test rectifier fails to turn off, S,
should be opened immediately to
prevent overheating.

A noninductive high-frequency
shunt must be used as R, to secure
an accurate reverse-current meas-
urement.

A 15-w current-pulse-viewing
probe is satisfactory.™?

Figure 4B shows an inverter
with capacitor turn-off that is iso-
lated from the load. Its turn-off
circuit has an advantage in that
load-power-factor variations do not
affect the turn-off time. The energy
stored in commutating capacitor
C,, which is equal to } (CE®, in-
creases as the load current in-
creases because of autotransformer
action. This is desirable in that
commutating-energy requirements
increase for higher currents at time
of turn off. This circuit permits a
smaller commutating capacitor and
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FIG. 4—Circuit for testing turn-off (A). Various loads may be used in inverter that is shown in (B); these include in-
ductive (C), capacitive (D), resonant-tank (E) and d-c¢ motor (F) loads. Waveshapes of (G) and (H) are for a 2-ohm-
registive load and the load of (C), respectively
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operates more efficiently with vary-
ing load conditions.

When oscillator @, turns on Q,,
current flows through autotrans-
former T, into the load (R,). The
autotransformer action charges C,
so the voltage at the junction of C,
and the anode of @, is 6 to 30-volts
more positive than the supply volt-
age, depending on the load current.
This voltage on C, is the charging
source for the relaxation oscillator,
(Q.) that turns on Q, When Q,
goes on, it connects C, to the cath-
ode of Q., making the cathode volt-
age of @, more positive than its
anode. Effectively, Q. is now re-
verse biased, and turns off. The
conduction time of Q. can be ad-
justed by the trigger timing circuit
of Q.. Varying the trigger rate of
Q. will vary the power delivered
to the load. This trigger rate can
be adjusted automatically for load
regulation.

Using the higher voltage avail-
able on C, as a charging source per-
mits higher frequency operation of
the Q, triggering circuit and thus
shorter conduction periods for Q..
The diodes connected from the gate
to the cathode of each controlled
rectifier prevent negative pulses
from reaching base one of the uni-
junction transistors; a negative
pulse could cause a unijunction
transistor to fire prematurely.
Pulse transformers T, and T,
which have 1:1 turns ratios, enable
Q. and Q, to deliver more trigger
power than with direct coupling
because of the improved impedance
match.

The C35AX10 is an inverter type
with a fast turn-off characteristic.
The C11A is a lower-current con-
trolled rectifier with characteristics
similar to the C35 series.

If a transformer couples the load
in the circuit of Fig. 4B, it must
be designed to handle a unidirec-
tional current.

With a 2-ohm resistive load, the
circuit requires that C, be at least
6 pf with an input of 280 w. The
capacitor for C, must have low
high-frequency impedance with a
minimum of losses.

Various loads for the inverter of
Fig. 4B are shown in Fig. 4C to 4F.
The inductive load of Fig. 4C has 8.3
amperes for the controlled rectifier
current at commutation time, com-
pared to 11.3 amperes for a 2-ohm
resistive load. At 8.3 amperes, a
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FIG. 5—This parallel inverter is well suited for driving different loads

4-uf capacitor is adequate for C..
With this inductive load, Q. has a
conduction time of about 230 usec
and is reverse biased for 14 usec.
The reverse current reaches 4.25
amperes in 0.5 upsec. Figures 4G
and 4H show current waveshapes
through Q. for a 2-ohm resistive
load and for the inductive load of
Fig. 4C, respectively.

The rectifier in Fig. 4C is a clamp
which prevents the voltage from
swinging below ground, thus de-
creasing the voltage requirements
for the controlled rectifiers.

The capacitive load of Fig. 4D
uses the series inductance to limit
the current and also aids in filter-
ing the d-c output. The forward and
reverse currents are similar to that
of Fig. 4H. with C, still 4 uf. The
load of Fig. 4D gives an overall
circuit efficiency of 80 to 90 percent.
With this load a d-c to d-c converter
with a variable output voltage can
be varied from 1.5 to 21 v d-c by
changing the repetition rate from
125 cps to 2.8 Kc. Spikes on the
output have a peak-to-peak ampli-
tude of 1.6 v. It would be easy to
decrease ripple at these frequencies
with additional filtering.

A regulated output can be
achieved by a feedback network to
adjust the repetition rate.

A resonant tank load (Fig. 4E)
can be pulsed at its resonant fre-
quency or for higher frequencies.
For example, if the tank is resonant
at 20 Kc, an inverter repetition rate
of 2.5 K¢ would pulse the tank cir-
cuit every eighth eycle.

The load of Fig. 4F would per-
mit R, to control the speed of a d-c
motor since the conduction time in
the duty cycle can be varied from
14 to 85 percent.

Varying load conditions may
present a problem for parallel in-

verter circuits. Since the amount
of commutating capacitance is cor-
rect for only one load value, dur-
ing light-load conditions reduced
load current makes the waveform
depart considerably from a square
wave and the peak voltage across
the controlled rectifiers can rise
to several times the supply voltage.
This condition is particularly bad
for circuits designed for a lagging,
low p-f load when the load p-f in-
creases. Heavy loads could cause
loss of commutation voltage and
light loads could cause excessive
voltage peaks across the controlled
rectifiers.

The parallel inverter shown in
Fig. 5, which was developed by W.
McMurray and B. D. Bedford of
the General Electric Engineering
Laboratory, is uniquely suited for
driving reactive loads. It produces
what is essentially a square-wave
output under all load conditions
and does not create high voltages
across the controlled rectifiers un-
der light-load conditions. Feedback
diodes D, and D, prevent the voltage
across either half of the primary
of T, from exceeding the supply
voltage. The diodes maintain a
square-wave output under all load
conditions and permit use of lower-
breakover-voltage controlled recti-
fiers. They also compensate for
leading or lagging p-f loads by
feeding reactive power back into
the supply; thus, the size of com-
mutating capacitor C,, which de-
pends on the maximum current to
be commutated, need not be large.
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Measuring Dielectric Properties
AUTOMATICALLY

Capacitance bridge balanced by servos produces continuous curves of dielectric
properties as functions of temperature. Instrument eliminates interpolation
of manually recorded data and allows higher rates of heating and cooling

By P. G. FRISCHMANN,

Metallurgy and Ceramics Research Dept.,
General Electric Co., Schenectady, N. Y.

MANY SYSTEMS are available for
measuring dielectric properties as
a function of temperature, but the
majority of these are manually op-
erated. Continuous measurements
at a low heating rate over a wide
temperature range are expensive,
because an operator must record
the values over a period longer than
a normal working day. Equally im-
portant but more difficult are meas-
urements at high heating rates,
especially on materials whose prop-
erties change rapidly with tempera-
ture. Measurements on materials
undergoing thermal cycling are pro-
hibitive for a complicated cycle or
a moderate quantity of samples.
To circumvent these difficulties
and contribute to the understand-
e ing of the physical phenomena as-
PHASE SHIFT sociated with electrical behavior of
NETWORK ceramic materials, equipment was
designed to automatically measure
GR ANDIANRL dielectric constant and dissipation
716-C . .
BRIDGE . REF AT «:wl factor with time and temperature

as variables. The equipment records
EmR D.sc,f..f.':km dielectric properties as continuous
functions of the variables.

The equipment shown in the
photo is a General Radio 716-C ca-
pacitance bridge with null-seeking
servo systems added to keep the
bridge in balance. Servomotors
drive the balancing dials directly.

FIG. 1—Operator adjusts automatic balancing modification of capaci- Also coupled FO. th.e .ser\.romotor
tance bridge (top); block diagram (bottom) shows balancing servomotors shafts are position-indicating po-
tentiometers which feed an output

voltage to X-Y recorders. This volt-
age is proportional to the positions

8 A
X-Y ;{
RECORDER RECORDER
ERVO SERVO
NOTOR MOTOR
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FIG. 2—Curves (A) display dielectric properties of BaTiO, as a function of temperature and heating rate; schematic
(B) shows switches for operation at either 1 K¢ or 10 Ke.

of the capacitance dial and the dis-
sipation factor dial. Pressure-
sensitive switches, actuated by the
dissipation factor dial, advance the
adder switch through a stepping re-
lay and drive motor. A thermo-
couple voltage, or a voltage which
is proportional to time, is fed to
the other axis on the recorders.

The bridge is driven by the oscil-
lator, and, when unbalanced, pro-
duces an error signal which is de-
tected through the amplifier (Fig.
1, bottom). This signal has two
quadrature components which may
vary in sign depending upon the di-
rection of unbalance of the two
dials on the bridge. The dissipation
factor discriminator senses the in-
phase (or 180 deg out-of-phase)
component relative to the reference
signal and excites the servomotor
to drive the dissipation factor dial
until that part of the bridge is
again in balance.

The reference signal is also fed
to the capacitance discriminator
after a 90-deg phase shift. This
circuit now responds to the orig-
inal quadrature components of the
error signal from the bridge.
Again, the servomotor drives the
capacitance dial until the capaci-
tance is balanced and no error sig-
nal is detected. The circuits in this
particular equipment are designed
to operate at 1 Kc and 10 Ke.

The curves in Fig. 2A show the
effect of heating rate on the proper-
ties of barium titanate. The data
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for the curve taken at 25 C per
hour would require six man-hours
as opposed to less than one-half
man-hour when automatic equip-
ment is used. The data for the 300
C per hour curve are extremely diffi-
cult to obtain, if at all possible,
without automatic equipment. This
is a direct result of the difficulty
of maintaining balance on manual
equipment when properties are
changing rapidly.

A researcher will often make
measurements, plot the points and
draw an average curve. A second-
order effect or an effect of a minor
constituent may thus be overlooked.
A minor deviation detected with a
continuous curve is shown in Fig.
2A. This deviation was accentuated
by the higher heating rate.

Referring to the schematic dia-
gram of the phase discriminator
and servo drive, Fig. 2B, the refer-
ence signal is transformer coupled
into a phase-shifting circuit to com-
pensate for phase shifts in the
bridge and amplifier. The signal is
then amplified in V,, and trans-
former coupled to the deflection
plates of V,. The amplified signal
from V,, is also fed through an in-
tegrator to obtain a 90-deg phase
shift. The phase shifted signal is
amplified by V., and V., to its orig-
inal amplitude and transformer
coupled to the deflection plates of
V. This phase shift is necessary
for proper discrimination of the
bridge error signal components.

Sheet beam tubes V, and V, are
for gating applications. When a
signal is applied to the control grid
in-phase or 180 deg out-of-phase
with the deflector voltage, an aver-
age d-c potential difference will de-
velop between the plates of the
tube. The polarity reverses when
the phase of the control grid signal
reverses. There is no potential dif-
ference when the control grid sig-
nal is in quadrature with the de-
flector voltage. Since the deflector
voltages of V, and V, are 90 deg
out of phase, each 6AR8 will re-
spond to only one component of
the bridge error signal, thereby
providing the necessary diserimi-
nating action. The d-¢ voltage
across the plates of V, is amplified
and drives the servomotor in a di-
rection corresponding to the polar-
ity of the voltage. The servomotor
turns the capacitance dial of the
bridge until the bridge is balanced.
When balance occurs, there is no
longer an error signal of the par-
ticular phase to give a d-c voltage
across the plates of V,. Hence the
motor stops when the bridge is bal-
anced. The operation of V, is iden-
tical except that it responds to the
resistive component of the signal
and therefore rotates the dissipa-
tion factor dial to balance. Switches
are used to open the servo loop and
provide manual motor excitation.

The equipment was developed by
R. D. Robinson, B. Erickson, D. A.
Felton, T. A. Ross, and the author.
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Experimental 100,000 Joule

Capacitor bank, similar to the one described in this article, is one
of the main components needed to produce extremely high mag-
netic fields and high-temperature plasmas. Design of a capacitor

bank and some operating details are discussed

The capacitor bank main control removes safety handswitches shorting
the bank section, trigger and firing capacitors; controls power to the
capacitor bank; engages interlocks; and selects the desired bank sec-
tion for use

Capacitor bank consists of five
gets of eight high-voltage, low-
inductance capacitors con-
nected in parallel

A CAPACITOR BANK is a special kind
of energy-storage device that is
useful in applications where energy
must be released in extremely short
times" *. The quality of a capacitor
bank may be characterized by
stored energy, ringing frequency
and maximum current.
Stored energy

E = CV,2/2 = QV,/s[joules] (1)
Ringing frequency

» = 1/ = 1/[2x V(1/LC) — (R*/AL%)]
~1/[2r V1/LC)(sec™) @)
Maximum current

Tmax=Vo/ VRA+L/C =~ V,VC/L[amp] (3)
where C = capacitance in farads,
V. = voltage applied to the bank,
Q = charge in coulombs, + = period
in seconds, L = inductance in hen-
ries, and B = resistance in ohms.
The resistance R in Eq. 2 and 3 is
given by

R = (2L/7)[in(ar/an42)] 4)
wheyxe a, and a, ., are two successive

electronics



Capacitor Bank for Plasma Research

By R. BUSER and P. WOLFERT,

U. 8. Army Signal Research and Development Laboratory, Fort Monmouth, New Jersey

Adjustment of bank airgap switch is very critical as all five pins must
fire simultaneously to produce a uniformly distributed plasma. When
uniform current distribution exists in the airgap, minimum induction
and corrosion exists

current amplitudes having the same
sign,

There are two possible arrange-
ments in constructing a fast capaci-
tor bank; a circularly symmetrical
arrangement, using coaxial cable
connections as shown in Fig. 1A;
and a linearly symmetrical arrange-
ment, using transmission-line con-
nections as shown in Fig. 1B. Both
capacitor bank arrangements have
been built and are being used.

In the circular symmetry ar-
rangement, the inductance equals

Losm = (La/n) + (Lo/n) + L, + Ly, (5)
where L, = inductance of one ca-
pacitor, L, = inductance of one
cable, L; = inductance of one
switeh, L, = inductance of the load,
and = = number of capacitors.

Inductance L. is equal to IL,,
(where | = the cable length in
centimeters, L, is expressed by

Loo=10~°[[2 In(b ‘a)] +[1+(b*/a?) ]2

In[1+(a?, b)) — (b*/a?) — 1]
[henries/cm} (6)
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where a = inside radius (Fig. 2A)
and b outside radius.
Inductances L, L., and L, are
given quantities. The selection of
commercial capacitors and cables
with low inductance is limited. If
the capacitors (having a narrow
side A) are placed along the cir-
cumference of a circle of radius [,
27l/A = n capacitors can be ar-
ranged. Then
Lyum = (Ln/n)+[La(A 2x)]+L,+Lr (7)
“sum = NL,
where C, = capacitance of one ca-
pacitor.
The ringing frequency (no load,
terminals shortened) is
v=(1,2x) .
VI/(LC)) +nLu(4 /2x)Ci+nCiL.] - (8)
Value v can be improved (achieve
higher frequencies) by using a
number of switches in parallel. If
m parallel switches, are used, nC,L,
in Eq. 8 is replaced by »C,L,/m.
The disadvantage of this cir-
cularly symmetrical arrangement

Bank airgap switch before firing

Firing of bank airgap switch, bank
uncharged

Firing of bank airgap switch,
proper adjustment

Firing of bank airgap switch, im-
proper adjustment
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FIG. 1—Circularly symmetrical capacitor bank (A) compared with linearly

symmetrical arrangement (B)

is the need for a large space. The
most convenient location is a two-
story building, wherein the capaci-
tor bank would be on the first floor
and the experimental setup on the
second.

The linear symmetry arrange-
ment, a linear filter network, is
physically more concentrated than
the circularly symmetrical arrange-
ment. Calculation of the ringing
frequency is more complicated for
linear symmetry than for the other
type. It starts with the notation
L, C, L, and L. = lLy

Ly, = pod/w [henries/cm] (9)
where | = length of the transmis-
sion line, d = separation of the
plates, w = width of the plates and
o is equal to the permeability of
the vacuum.

The current carried by section n
of the network after the switch is
closed consists of current compo-
nents from all sections. Each sec-
tion oscillates with a given ringing
frequency (so called eigenfre-

quency). The frequency of section
i (not considering L., L,) is

—2(1 —co8 ix-?n)

1
" 2 \/ S0 (1 —con ix/m) +1C0 O

As a lower limit for the ringing
frequency, select the minimum fre-
quency of the n sections. For the
case n — 8

vnen=(1/2r) )

V(0.16)/(0.16L,Ci+LoCy) (1)
If L0 K0 161,C, v = (1,27) V1/(IaCy)

Comparing both types of banks
with respect to r-f, there is no
essential difference provided low-
inductance cables (term L., in Eq.
8) for high voltages and accessories
are used for the one type, and a
proper transmission line (term L.
in Eq. 10) is used for the other
type. In view of limited room condi-
tions, a combined system as shown
in Fig. 1B (several linear systems
in parallel) offers the most compact
arrangement. Disregarding cables
and transmission lines, the switch
has the greatest r-f influence.

CHARACTERISTICS OF CAPACITOR BANK

Capacitor Ring. Freqe Inductivity Resistance Max. Current
(uf) v (ke) (uh) (ohms) I (amp)
1 Capucitor Unit 12 200-109, =0.05 s rga
1 Bank Section 8 X 12 =130 =0.015 =107 1.6 X 10¢
5 Bank Sections 5X8X%X12 =~130 =~0.015 =~107° 8 X 10¢

in Parallel
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A number of switches have been
designed for fusion research:
Seylla switch (Los Alamos)?®, air-
gap switch (Kolb)' and plasma
switch (Bostick)®. Every switch
adds some inductance to the cir-
cuit. The desirable properties of a
switch are low corrosion at cur-
rents up to 100 kiloamps, rugged
construction, exchangeability, low
inductance and good reliability.

After deciding in favor of the
linearly-symmetrical arrangement,
the aivgap switch was selected for
geometrical reasons. If the arcing
across the gap takes place at only
one spot, the following expression
for inductance is approximately
true (Fig. 2B)

. 10—v[4,r<1n %+%)][honries] (12)

where f = length of discharge
channel, ¢ = diameter of discharge
channel and d = distance of the two
conducting paths.

If the breakdown within the air-
gap is started simultaneously at m
points

L) =L,/m

13)

FIG. 2—Cross section of cable (A)
and schematic of air gap (B)

Every breakdown process has its
characteristic buildup time ¢ as a
function of the special discharge
mechanism. To avoid statistical
fluctuations in time and space, the
relation ¢ << = is sought. Using
Townsend’s theory*

t = 1/vla — (/N0 /9 + 101 (14)

where « = first Townsend coeffi-
cient, y = second Townsend coeffi-
cienl and v = velocity of the elec-
trons [cm/sec].

The complete capacitor bank in-
stallation shown in Fig. 3A, con-
sists of two parts: the bank and the

electronics



trigger systems, and the control
system. The bank is composed of
40 capacitors, assembled in 5 sec-
tions, which can be discharged
singly or in parallel. Each section
has its own charge relays whereby
connections are made to the charge
equipment, and its airgap switch
that connects the section to the
main collector plate. The airgap
switches are fired by a special trig-
ger system.

The 5 sections of the bank are
identical, each one consisting of 8
high-voltage low-inductance capaci-
tors connected in parallel by a low-
inductance transmission line. The
sections lead to a common collector
plate. The high-voltage end of the
conductor is broken by an airgap
switch, which is triggered by 5 in-
sulated pins in the load-side part
of the switch.

The bank section is charged
through a relay and a high-voltage,
double-pole single-throw switch
that connects the charging equip-
ment to the bank section. The OFF
position of the switch grounds the

bank through the charge resistors.
Four resistors are used; if one
fails, the bank is grounded through
the other three. Hand switches are
used to short circuit the bank when
it is not used. As a main safety
device, a pressure switch is mounted
on the back of each capacitor. If a
capacitor failure causes an increase
of pressure to 3 atmospheres, the
switch closes and actuates a red
light on the capacitor and on the
control panel of the bank. In addi-
tion, the power line of the corre-
sponding relay is opened to prevent
charging the bank section. A defec-
tive capacitor can be replaced from
the rear of the rack after the pres-
sure is released.

Two timing problems had to be
solved. First, was firing the bank
with an adjustable time delay
against a zero pulse (used to trig-
ger oscilloscope displays and the
discharge of a second small capaci-
tor bank) and second, to have ad-
justable delay between the firing of
the bank sections to vary the shape
of the bank discharge current.

T CHARGE RELAYS- T
—B BANSKWISTE(%SS'OR H CONOENSER BANK SECTIONS [ T*
SAFETY CIRCUITS | | T —
H AIRGAP =
REMOTE | CONTROL SWITCHES =
- COGFéngL A I CHARgENEomP. H
AR ulP. : —
. BANK il | (max 20 kv) j H
H MAIN COLLECTOR PLATE” [LOAD
CONTROL I cHARGE Equip.
CHARGE EQUIP. || TRIGGER ° t—  TISSER
TRIGGER : {(MAX 100 Kv)
I
MAIN CONTROL ::
L1 CONTROL POWER —COgTngEF'I*;EC?s‘REGE It
TRANSFORMER
£ 4 W
CIRCUITS i (A)
INPUT ! i !
1ot 1 { so03 OUITPUTl | s00 OUTPUTIIJ_ 1500 ¢ OUTPUT I
3 < < > >
$200K L 3200k . 200K g
8/ FIRE ) e ) e . g )
d RELAY 40K \ T 40K \ T 40K \ 7 T
L 202w 550 = 202W Sho - 2021W i
b3 > il b3 b
500pF IM3 60K3 “pF IM360K3 oF IM3 60K3
+
POWER
K IM SUPPLY |—4
6H6
L) [
60pF
SI00K 3
8K 0.0l 10K [20K 0OIT  3i0K L
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FIG. s—Capacitor bank (A) consists of bank and trigger systems. Bank
trigger (B) uses two flip-flops as frequency divider
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FIG. 4—Typical switch firing char-
acteristics at given airgap and trig-
ger voltage

Figure 3B shows a diagram which
is similar to a counter circuit. Two
bistable flip-flop circuits in series
act as a frequency divider. For
trigger action the input is con-
nected to a pulse generator. Three
outputs deliver pulses with time
distances related to the input fre-
quencies. For adaption to the 60-
ohm output cables, every output has
a thyratron cathode follower. Only
a single pulse goes out after trig-
gering because the time constant
of the anode circuit is high. One
of the three pulses triggers the
bank. For amplification a second
thyratron discharges a 20-Kv ca-
pacitor through the primary of a
pulse transformer. Its secondary
voltage triggers the airgap switch
of the main trigger capacitor to
which the 25 parallel-connected
trigger pins of the bank airgap
switches are connected. Filter net-
works in the leads provide the de-
lay between the bank sections.

Figure 4 illustrates the typical
firing characteristics of a switch at
a given airgap and trigger voltage.
The table gives characteristic
values of the USASRDL capacitor
bank, as calculated from experi-
mental data.

The authors acknowledge the as-
sistance of I. A. Balton and staff.
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Tracing Tunnel Diode Curves

Diode holder uses germanium blocks for low inductance resistors, allows a

curve tracer that will show the characteristic curves of most tunnel diodes

By H. G. DILL,
M. R. MacPHERSON,

Hughes Semiconductor Laboratory,
Newport Beach, Calif.

Diode holder wuses germonium
blocks for resistors to keep induc-
tance low, can be used with both
types of diode packages

L

Horizontal and vertical amplifier
chassis

MAJOR PROBLEMS in tracing the
negative resistance region of tun-
nel diodes are circuit instability
and the high admittance of the
devices. Attention to the details of
the diode holder is necessary if
switching and oscillation are to be
prevented.

The voltage-current diagram sup-
plies useful information about tun-
nel diodes and other two terminal
devices. Design parameters that
can be taken from such curves are
current ratings, peak-to-valley ratio
and resistance over the whole volt-
age range including the negative
resistance region.

Often it is difficult to trace the
negative resistance region because
of stability problems. Included in
Fig. 1A is the equivalent circuit of
a tunnel diode; its impedance is
given by

Z = wlLg + Rs + 1/(jwCr — gr)
R = Rs — gr/(yr’ + w!C7?)

X = w[Ls = Cr/(gr* + »Cr)]
The solutions in » for the real part
R and the imaginary part X are

gr 1,
Cr Rsgr

UR-

The frequency where the real
part of Z disappears is w:. For o
smaller than o the input resist-
ance is negative

=—R +jX
For o greater than w., the input
resistance is positive
Z =+4+R +j;X

Resonant frequency of the equiv-
alent circuit is wy. All possible
modes of operation are shown in
Fig. 1A, which also indicates the
two conditions necessary for stable
operation. The d-c stability condi-
tion is obtained for R; less than
1/gr. If this condition is not ful-
filled the tunnel diode behaves as
a switch and cannot be biased in
the negative resistance region. If
the second condition, R. greater
than L; g,/C, is not fulfilled the
tunnel diode circuit will oscillate in
the negative resistance region.

The stability considerations de-
rived from Fig. 1A are valid only
as long as ey is a real solution.
The region of stable operation
disappears for C,/L: = g/
This leads to the basic condition
for stable operation, Ly < Limes
where L;,... = Cr/g,". This require-
ment can be fulfilled with present
tunnel diodes in a curve tracer cir-

Diode holder and amplifiers are separated from power supply and sweep

generator
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FIG. 3—Diode holder circuit and amplifier circuits. Diode heating causes a shift in characteristic as shown in inset

cuit. Figure 1B shows a tunnel
diode in a test circuit which allows
stable biasing in the negative re-
sistance region.

If capacitor C, of Fig. 1B is re-
moved, the condition for stability is

Lsgr/Cr < Rs + Ry < 1/gr

where Ry = Ry, + Ri and L, =
Ly + Lg. The d-c condition R, +
R, < 1/g, is easy to fulfill if the
tunnel diode does not have an ex-
tremely high g,. The a-c condition
Ls 9:/Cr < Rs + R, may introduce
a problem if L, is too high.

But there are drawbacks to the
arrangement produced by removing
C,. Resistor R, must be mounted
close to the tunnel diode to keep
L. low. This is not desirable if the
tunnel diode is tested at different
ambient tempcratures. Changes in
R, from temperature variations
may cause instability. The resistor
R, itself may have an undesirable
inductive effect. In addition, for
each tunnel diode the a-c and d-c
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stability conditions have to be ad-
justed.

A capacitor across the tunnel
diode allows the a-c and d-c sta-
bility conditions to be treated sepa-
rately. If C, is big enough to pro-
vide a short in the oscillatory
range, L, can be neglected and
R, can be located in a convenient
place.

If the a-c stability criterion Rs >
Ls gz/Cr is not fulfilled, Ry, is in-
creased by a small resistor R, To
keep the inductance L;, low, a ger-
manium block is used for R...

The diode holder produces output
signals proportional to the voltage
and current of the test diodes, and
stabilizes the diode in the negative
resistance region.

A diagram of the diode holder is
shown in Fig. 2 and the circuit
diagram of the holder is shown in
Fig. 3. Resistor R,. produces a
voltage drop proportional to the
diode current I,. The diode holder
is grounded so that no measurement

error is introduced by R, The d-¢
stability can be adjusted with R,
alone if R,, is much greater than
R,.. This arrangement has the ad-
vantage of using the lowest amount
of sweep power.

The photograph and the diagram
(Fig. 2) of the diode holder show
how the capacitor C, and germa-
nium resistor R, are arranged to
keep the loop inductance as low as
possible. Capacitor Cy, and C,. are
not absolutely necessary but in-
crease the stability of the jig
against undesired oscillation.

Capacitors C,, C;, and Cy. are
produced by a thin layer of mica
between brass blocks. Practical de-
sign was complicated by two prob-
lems. The 0.5 mil mica between the
brass blocks usually produced a
short circuit as soon as pressure
was applied. Hard dust particles
and an uneven surface cause high
specific pressure in certain areas
and puncture the insulation. The
air space between the uneven brass
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gurfaces reduces the capacitance
considerably, since the dielectric
constant for mica is approximately
seven times as large as for air.

Both problems were solved by
applying a thin film of silicone oil
between the mica and brass sur-
faces; since the liquid distributes
the pressure equally over the whole
surface the short circuits were
eliminated and the capacitance in-
creased considerably.

For diodes in micro packages
the holder has such a low induc-
tance that most diodes are stable
without additional resistance R...
For diodes in glass or TO 18 pack-
ages, a pressure holder with inter-
changeable germanium resistors R,
is used. No detectable phase shift
of the sweep voltage is introduced
by C,, Cus or Chy,.

With a stabilized tunnel diode
and a d-c power supply, it is pos-
sible to plot the static V-I diagram.
The same diagram can be displayed
on an oscilloscope if a sweep volt-
age with the proper repetition rate
drives the diode. The waveform
need not be linear if horizontal and

vertical deflection are taken from
the same source. The sweep gen-
erator produces a shunt-rectified
sine wave as shown in Fig. 4A.

Heating effects in some diodes
may cause a double trace as shown
in the inset of Fig. 3. Reducing
the power dissipation in the diode
reduces the heating and can be done
by using just the shaded portion of
the wave in Fig. 4B.

Figure 4C indicates how the fast
rising part of a sine wave is pro-
duced. A power transistor in series
with a sine wave generator is
switched on only during the fast
rising part of the sine wave. A
Schmitt trigger produces the square
waves to drive the power switch.
Switching time is adjusted by a
phase-shift network and the vari-
able width pulse from the Schmitt
trigger. The power transistor is
back biased to insure a low leakage
current. Figure 4D shows the cir-
cuit of the complete sweep gen-
erator.

If 2R, (Fig. 4D) is much greater
than R, (Fig. 8) the sweep gen-
erator does not affect the stability

of the diode holder. Maximum peak
currents of 0.6 amp are sufficient
for most tunnel diodes. The polar-
ity switch in Fig. 3 allows the diode
to be swept in the reverse or for-
ward direction.

The condition Ry, << Rm (Fig.
3) can be satisfied for a wide cur-
rent range if Rp. is chosen small
enough (about 1 ohm). The low
signal across R.. can be boosted
with a vertical amplifier, with the
ultimate limitation being hum and
noise. The horizontal output uses
an amplifier to overcome the low
horizontal sensitivity of some os-
cilloscopes.

Horizontal deflection is propor-
tioned to the voltage across the
tunnel diode and can be measured
with a calibrated oscilloscope. Ver-
tical deflection is proportional to
the current I, (Fig. 3): for a
known R..; I, can be calculated.

Figure 1B shows how capacitor
C, produces a short across the tun-
nel diode in the oscillatory range.
This allows Ry to be located away
from the diode where temperature
variations are negligible.
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M ELABS (pronounced MEL-LABS) - Dept. E-85, 3300 Hillview Drive, Palo Alto, California

Seasoned microwave
designers
and builders

Specialists in microwave receivers, researched and
designed to individual specification, fabricated from
Melabs-manufactured components, proved in
laboratory and field operation.

Designers and manufacturers of microwave
components—calorimeters, choppers, couplers, filters,
isolators, mixers, muitiplexers, radiometers,
switches—offering maximum reliability and depend-
able performance.

R&D specialists in microwave physics—application
of ferrites in microwave electronics, circuit develop-
ment in countermeasures and radio reconnaissance.

In a new facility in Stanford Industrial Park, Melabs’ 180-member
staff daily ventures into new areas of microwave research.

More than 75 qualified engineers and physicists supported by a
large technical and manufacturing staff stand ready to

solve unique electronic problems.

Employment opportunities at Melabs are
exceptional for ambitious engineers

and physicists;

write in confidence.

LACS

Youthful vigor in an academic climate of re-
search and development has led Melabs to
delivery, under military and private contract,
of a unigue array of advanced microwave
instrumentation:

Model SGS-2 Swept Signal Generator, S-band
BWO microwave signal source offering con-
stant power output to within 1 db.

Model X-127 400 MC Circulator, compact three-
port instrument with a 10% bandwidth at
400 MC.

Model AN/GLA-10 memory-display group for
use with radio reconnaissance receivers.

Model RSS-3 frequency-sweeping imageless
superheterodyne receiving system, operating
in the microwave region.

Model M-3 Broadband Mixer (0.5 to 11 KMC)
untuned coaxial instrument, offering unusual
conversion efficiencies.
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ELECTRONICS REFERENCE SHEET

Calculations are simplified

if radiation cooling alone

is considered,; the problem is

then solved by using a flat
plate as the heat sink
for all transistors

o}

JUNCTION TEMPERATURE (7))

TRANSISTOR THERMAL RESISTANCE {8} —

MOUNTING BASE TEMPERATURE {T\g) —
CONTACT THERMAL RESISTANCE (6;) —*
HEAT SINK TEMPERATURE (Tys) -

HEAT SINK THERMAL RESISTANCE (OSl —r

AMBIENT TEMPERATURE (Tp)

FIG. 1—Equivalent circuit of transitor heat-transfer path

Transistor Heat Sink Calculations

By MYRON GREENBAUM,

Polarad Electronics Corp.,
Long Island City, N. Y.

CIRCUIT DESIGN engineers are
often called upon to calculate the
heat-sink area required to cool
power transistors. The problem
can be complex if radiation, con-
vection, and conduction of heat
are taken into account'. Usually
the problem is simplified by con-
sidering only radiation, and the
heat sink is then designed on
the basis of a flat plate. Various
techniques have been developed
using this method’, but the
method is simple only if the heat
sink is to dissipate the heat de-
veloped by one transistor. Often,
a heat sink is required to dissi-
pate the heat of several tran-
sistors, each dissipating differ-
ent amounts of power.

The electric analog of the
thermal problem will be con-
sidered. Power P will be con-
sidered as a constant current
generator, temperature T as a
voltage, and thermal resistance
# as an electrical resistance. The
transistor mounted on a heat
sink can therefore be studied as
an equivalent circuit, see Fig.
1. Thermal potential (tempera-

ture difference) across the cur-
rent generator is then

T,‘—Ta=P(0z+0l+on) (1)

Junction temperature T, is a
function of the power dissipated
by the transistor. The maximum
power that can be developed by
the transistor is limited by the
maximum junction temperature,
TJ maxs

The transistor thermal resist-
ance, 0., is expressed in dimen-
sions of degrees centigrade
temperature rise per watt of dis-
sipated power. It is a function of
the transistor construction, and
is specified by the transistor
manufacturer.

The contact thermal resist-
ance, 8;, is a function of the type
of contact between the transistor
mounting base and the heat sink,
for example, a dry metal-to-
metal contact gives 6, = 0.5 de-
gree centigrade per watt and
when lubricated with Dow Corn-
ing No. 4 Silicone Compound it
becomes 4, = 0.3 degrees C/watt.

The thermal resistance, 6., be-
tween the heat sink and its en-
vironment involves the finish,
shape, color and area of the ma-
terial. Curves relating 4, and &
heat sink area for i-inch thick,

bright and black anodized alumi-
num are shown in Fig, 3. These
curves were obtained from ex-
perimental test data.

Hence when maximum values
of Ty, T., P, 6, and 8, are known,
substitution in Eq. 1 gives the
value of 6,. By consulting curves
of 4, versus heat-sink area, the
appropriate radiating area can
be found. The inverse problem
can also be solved, that is, the
value of T, when the heat sink
area or 6, is known.

When several transistors are
to be mounted on one heat sink,
a new equivalent circuit must be
considered. Assume each tran-
sistor is mounted on a separate
heat sink and power is applied to
each transistor, as in Fig. 2A.
The areas of the individual heat
sinks are then varied until all the
heat-sink temperatures (T,,)
are the same. The individual
heat sinks can then be connected,
and for material having perfect
thermal conductivity, the entire
heat sink will have the same
equilibrium temperature, Th..
Using this analysis all T, points
of the individual equivalent cir-
cuits can be connected. See Fig.
2B.

The thermal drop across 6,
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How to compensate

for temperat

ure variation

in a transistorized flip-flop

FLIP-FLOP CIRCUIT

+12v
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This flip-flop circuit, designed by Texas Instruments,
uses sensistor® silicon resistors in the cross-coupling
network to compensate for increases in hgpgz with tem-
perature. At 125°C, it resolves 100 mysec input pulses
arriving at a 5 mec rate whereas a fixed resistor version
was limited to 3.6 mec. In addition, at +125°C the circuit
will operate at a resolution rate greater than 5 me if
the input pulse can be greater than 10 volts when the
pulse width is decreased from 100 mysec.

Another advantage of semsistor silicon resistors in a
flip-flop using high hgg transistors is the reduction in
input voltage required to trigger at high temperatures.
For instance, the sensistor silicon tresistor circuit re-
quires only 10 volts to trigger whereas the fixed resistor
circuit required 14 volts.

>

-

v

O QUTPUT

>
2 9.1K Ak 470uuf

»®
| Sens/SIor siLICON RESISTORS
A

| Positive TC of +0.7%/°C for temperature compensation and
% sensing.
Standard available resistances +:10% @ 25°C:
i 68, 82, 100, 120, 150, 180, 220, 270, 330, 390, 470, 500, 560,
680, 820, 1000, 1200, 1500, and 1800 ohms.

Additional resistance values and tolerances available on special
order.

Type No.  Wattage Rating

w
Y%
%
%

Body Dimensions

Diameter
0.585* 0.200"
0.406” 0.140”

TO—S5 Transistor Package
0.500” 0.078~

t Hermetically sealed glass package for instrumentation and
temperature control available in resistances of 100 ohms,
- 500 ohms and 1000 chms =10% measured at 25°C

Length
™ Y%
T™M 14
TC %
P-100t

Sensistor silicon resistors .are temperature-sensitive
devices that feature a positive temperature coefficient
of 40.7% per °C. This predictable rate of resistance
change makes sensistor resistors ideal for temperature
compensation from —50°C to +200°C at frequencies
up to 20 Kme.

The sensistor silicon resistor, developed by T1, provides
circuit design engineers with a lightweight tempera-
ture compensating and sensing device. Commercially
available for over two years, the devices have been used
successfully for bias stabilization in a-c coupled stages
and in the first stages of d-c amplifiers; and have found
wide application in amplifiers, power supplies, servos,
telemetry, magnetic amplifiers, computer switching,
and thermometry.

In addition, specify from this complete line of TI precision film resistors.

' e
MDLDED MIL-LINE HERMETICALLY SEALED LINE
e w1l
%1% tol
. I +1% tol ';"cz’r‘ﬁ_
e rg]:zfr'x ‘Tl wattage dMIL standard mended
max. - L e ype rating esig- resistance voltage
LeComy t;r;e ﬁ:‘:‘iiﬁe d':slllé lesistan:e voltage J WatlsHgination arises voltg
Ti wattage| MIL standard mended 18- HY 3 = 4
type | rating | desig- resistance voltage number | watts | nation ranges volts %gH;:M —Q — RNSOB_'{?) g:m———iMK A %x-«
number| watts | nation ranges volts [CD%R | 4 - | 10 Ohm-1 Meg 350 TOG 1 3% T RAPEE-H TG ohm,:i,ﬂeg_ :
COM% | % | RNGOB |10 Ohm-1 Meg | 350 CD%R | 1% |RN10X [100hm-1Meg | 500 | R = (100t ":%_6%_
COMY% | % | RN6SB {10 Ohm-1Meg | 500 [COV:ER [ % IRNLSX110 Ohm:3Meg | 650 [COHYAT % [RN65B |10 Ohm-3 Meg | 650
CDMY% % | RN70B | 10 Ohm-5 Meg 750 | CDMR| % | RN20X | 10 Ohm-5 Meg | 750 | [ COHY%M| 3%  [RN70B |10 Ohm-5 Meg 750
[/ 4 kel . 4 COWSR| ¥ |— | 50 Ohm-10 Meg | 850 | CDHl/zi L | 50 Ohm-10 Meg 850
EOM L) SR NGE0RL10:00m-10 Meg [)) 1000, | COIR | 1 |RN25X |10 Ohm-10 Meg | 1000 COH1 | 1 |RN75B [10 Ohm-10 Meg| 1000 |
DM 2 2 | RN8OB | 50 Ohm-50 Meg| 2000 CD2R 2 | RN30X [50 Ohm-50 Meg | 2000 [CON 2 2 | RN80B | 50 Ohm-50 Meg| 2000

b @
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(A)

Tus
&, =T Vet v e by
le Bzz ------------ an bs 'ronLg
T, Ton
Py g e L =2 Py
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FI1G. 2—Equivalent circuit analogue is extended to severaltransistors (A); parameters adjusted for mounting
all transistors on common heat-sink (B)

total is
The = Ta=(Pi+ P+ -+ P
(6, total)
Ty — T. = 6, total = P @
k=1

Knowing P, 6, and 6, for all
transistors, and selecting a safe
value for T, the overall heat sink
temperature Tys can be found.
The required value of Ty, for any
transistor is then given by

Tus =T; — P (6: + 1) 3)
The lowest value of the calcu-
lated heat sink temperatures is
then used as the overall heat sink
temperature for all transistors

TOTAL HEAT SINK AREA IN SQUARE INCHES

"
L BLacK ANODIZED
4 ALUMINUM-—/

on the common radiator.

The foregoing analysis shows
that some of the transistors will
be operated well below their
maximum permissible values, and
not, therefore, at their full ca-
pability. Thus, if several transis-
tors, each dissipating different
amounts of power are to be
mounted on thermal radiators, it
is advantageous to mount those
dissipating least power on a sep-
arate sink.

A heat sink calculation will
now be considered. Three tran-
sistors dissipating 12 watts each,

L gRiGHT
ALUMINUM

10

THERMAL RESISTANCE 8¢ IN DEGREES C/ WATT

FI1G. 3—Graph relates the radiating area to the thermal
registance; both sides of the heat sink are included

and two transistors at 6 watts
are all to be mounted on a black
anodized aluminum heat sink.
The maximum junction tempera-
ture of all transistors is 85 de-
grees C and the ambient tem-
perature 55 degrees C, while 4,
and 6, and 1 and 0.42 respectively
for all transistors. Using Eq. (3)
Thsis =8 — 12 (1 4 0.42)

= 85 — 17 = 68 degrees C,
Tasis =85 — 6 (1 + 0.42)]

= 8> — 8.5 = 76.5 degrees C
Hence, temperature at which ra-
diator will run is lowest of these
two = 68 C. The thermal resist-
ance 6§, total will be found by
using Eq. (3)

T, — Ta = 6, total = Py
k=1

68C — 55 C = 4, total {3 X 12 +
2 X 6] whence 6, total = 0.272
Now entering the accompanying
graph with 8, total, the required
area of black anodized aluminum
is found to be 1,000 square
inches. Hence, using both sides
of the radiator, a plate of 500

square inches is needed.

The author would like to thank
Alex Goldberger, Engineer and
Jordan Kass, Senior Project En-
gineer, Polarad Electronics for
their help in the completion of
this article.
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at the Wescon Show

HOW RCA DEVELOPS ELECTRON TUBES FOR INDUSTRY

To people, Bill Bruce may be the essence of gentleness, but to new industrial receiving
tubes he’s a demon!

As head of RCA Receiving-Tube Test Engineering, Bill delights in tormenting our
tubes: seeing what they will deliver, how much they’ll take. When existing torture
methods aren’t cruel enough, Bill gleefully designs new ones.

The object before him is a good example. It’s a test set he designed to put our new
RCA-7360 Beam-Deflection Tube through its paces. The 7360, which is rapidly revolu-
tionizing SSB circuitry, utilizes such a radically new design concept that no existing
equipment could prove its capabilities.

Bill’s latest testing device, built for a single tube type, is an indication of how far we go
at RCA to insure top quality in every tube. It’s another reason why you know the tube
will do the job when it’s made by RCA.

Visit The

RCA Exhibit The Most Trusted Name in Electronics

RADIO CORPORATION OF AMERICA

DEFLECTING
ELLC TRODE
Ne 2

DEFLECTING

Cross section, RCA-7360 Beam Deflection Tube

Special deflecting electrodes permit flow of elece
tron beams to plates with minimum interceptian of
current. This assures high sensitivity and O plus
excellent SSB carrier suppression.

FREE technical literature explains principles and
capabilities of RCA-7360, Write Commercial Engi-
neering, RCA Electron Tube Div., Harrison, N. J.

RCA ELECTRON TUBE DIVISION—FIELD OFFICES

DETROIT 2, MICH.,714 New CenterBIdg., TR 5-5600
NEWARK 2, N, J., 744 Broad St., HU 5-3900
CHICAGO 54, ILL,, Suite 1154, Merchandise Mart
Plaza, WH 4-2900 « LOS ANGELES 22, CAL., 6355
E. Washington Bivd,, RA 3-8361 « BURLINGAME,
CAL., 1838 El Camino Real, OX 7-1620




RESEARCH AND DEVELOPMENT

Plasma Studies May Aid Space Communications

By H. HODARA, Head of Space Communications, Research & Development Div., The Hallicrafters Co., Chicago, IlL

COMMUNICATIONS  between the
earth and space vehicles is signif-
icantly affected by ionized regions
in the transmission path. Detailed

NORMALIZED ATTENUATION

02 04 06 08
NORMALIZED FREQUENCY

FIG. 1—Propagation of LH wave
at frequencies below w, i8 limited
by m in longitudinal magnetic field
with no collisions

investigations indicate the possi-
bility of using static magnetic
fields to allow propagation of radio
waves through these ionized media.’
Further study may also permit
communications between distant
points on the earth along the lines
of its magnetic field.

Results of the studies described
in this article will also be presented
in a more detailed paper at the
coming 11th International Astro-
nautical Congress in Stockholm,
Sweden, between August 15 and 20.

The ionosphere, consisting of
ions, free electrons and neutral mol-
ecules, is one such ionized region. It
causes Doppler shift in communica-
tions with artificial satellites, intro-
ducing errors in orbital measure-
ments. A re-entering space vehicle
generates an ion sheath about as
thick as its diameter that attenu-
ates radio transmission through it.
A communications blackout can re-
sult over a wide range of frequen-
cies for several seconds, depending
on vehicle course and velocity. Tele-
metry signals can be lost, and, in
a manned space vehicle, the black-
out could cause loss of two-way com-
munications vital to proper maneu-

vering.

Free electrons in an ionized
medium can oscillate at plasma fre-
quency w,, which varies directly as
the square root of electron density.
Thus, o,=V/ (Q/M) (N/e.), where
Q, M and N are electron charge,
mass and density, respectively and
e, is dielectric constant of free
space (all in MKS). Cutoff fre-
quency in a waveguide is analogous
to w,, with propagation impossible
for signal frequency « below plasma
resonant frequency.

The frequency with which elec-
trons collide with ions and mole-
cules is represented by ». Transfer
of energy at collision causes the ob-
gserved attenuation. In a static mag-
netic field, B,, a free electron de-
scribes a circle perpendicular to the
field lines. Gyrofrequency o, at
which the electron revolves in-
creases directly with field strength
and is w, = (Q/M)B,. The mag-
netic field alters electron motion
and introduces new propagation
modes.

Propagation characteristics have
been derived for a simple model of
an ionized medium.! Thermody-
namic equilibrium is assumed, and
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FIG. 8—Attenuation of RH wave depends on q with an
applied longitudinal magnetic field and with m equal to 0.5
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8—Transverse magnetic field seems to offer mo
advantages in propagating LH wave with no collisions
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0-325 VOLTS DO
AT 600 ma. in 3%

TWICE AS MUCH POWER IN THE SAME RACK SPACE

POWER SUPPLY
VOUTAGE REGULATED

——

vt

New VOLTAGE REGULATED POWER SUPPLIES (from Kepco)
combine the best features of transistor and vacuum tube circuit
design: Transistorized control amplifier and reference circuitry
for optimum regulation characteristics, stability, long life and

compactness; Vacuum Tube series pass elements for reliable
high voltage operation.

HB GROUP—O0.1% and 0.01% REGULATION

Maximum Component Accessibility:
OUTPUT

pe De REGULATION RIPPLE| IMPEDANCE Modularcpntrol uqlt, resistor board
MODEL |OUTPUT [OUTPUT|  LOAD | LINE | (RMS) |OHMS MAX. | DIMENSIONS PRICE® | construction, series pass tubes
VOLTS | AMPS. O-MAX 1105-125 DC- ,1KC w H D® conveniently located at the rear of

% or AV % 1KC_|100KC the unit. Provision for remote out-

HB-2 0-325 | 002 |<01 [02 [ <01 [3Mv. | 40 | 40 | 19" [3% | 14% [$265.00] put voltage control at 100 ohms
HB-4 0-325 | 0-04 [<01 {02 [<01 | 3Mv. | 20 | 20 [19" |3%" | 14% |$320.00] per volt and remote DC ON-OFF
HB-6 0-325 | 006 [<00 /02 [<01 | 3Mv.| 10 | 10 | 19" | 3% | 14% | $365.00| control. Two additional 65 V AC

outputs ided as standard fea-
HB-20 | 0-325 | 0-02 [<001]0.02 [<001 | 1Mv. | 04 [ 04 |19 | 3" | 14%" | $465.00 | tyre son e soofer coronaard fea
HB-40 | 0-325 | 0-04 | <001[002 <001 | I1Mv. | 02 | 02 | 19° | 3% | 1% |$520.00] 13 V AC at 6 amps. or paralleled

HB-60 0-325 | 0-06 | <0.01/0.02; <001 { 1Mv.| 01 [ 01 | 19" [3%" | 14%"| $565.00| for 6.5 V AC at 12 amps.

: * Meters optional. To specify me
STABILITY: (for 8 hours) 0.2% or 0.2 volts, whichever is greater, after 1 hour warmup, ~Depth behind panel. tered unlgs add ¢ M"pto {Aodel
TEMPERATURE COEFFICIENT: <0.05% per °C. AMBIENT OPERATING TEMPERATURE: —20°C to +50°C. No. and $30.00 to price.

e ————— For complete specifications, write for Brochure B-601
I( pco _131-38 SANFORD AVENUE * FLUSHING 55, N. Y. « IN 1-7000 « TWX # NY 4-5196

B
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Single Section Rotory

3100 series short-
ing; 3200 series non-
shorting. Up to 17
positions. Phenolic
wafer.

Ceramic Sectian Rotary- 1, 2
and 3 gang; up to 11 positions.

Lever Action—Shorting
and non-shorting types,
2 and 4 poles.

Multi-Section Rotary
1200) series short-
ing; 1300 series non-
shorting. 1 to 6-gang,
up to 11 positions.
P;:enolic wafer.

24 Position Tap Swilch

Hamband Switch—Ceramic section;
1000 VDC, 100 watt ratling. 1 to &
sections, 1 to 5 circuits; 4 contacts
per circuitl.

Miniature Pushbuttan —Non-
locking; eight different cir-
cuit combinations.

SPEGIAL PURPOSE SWITGHES

Immediate delivery at factory prices
from these Mallory distributors:

Caolifarnio New Jersey
Catifornia Electronic Supply, Los Angeles General Radio, Camden
Federated Purchaser, Los Angeles Eastern Radio, Clifton
Kierulff Electronics, Los Angeles Aaron Lippman, Newark
Radio Product Sales, Los Angeles State Electronics, Whippany
Elmar Electronics, Oakland York
Zack Radio, Palo Alto New Yar ! .
Elwyn W. Ley, Paramount :e:!;raEl Echtron'ICss, E‘un?ham)on
it adio Equipment, butfa! [+
. Electronic Su.pply, Pasadeno B Now York. New Yark
Dist. of Columbio Harrison Radio, New York
Electronic Indus. Sales Harvey Radio, New York

Hudson Radio, New York
Lafayette Radio, New Yark
Terminal Electronics, New York
Higgins & Sheer, Poughkeepsie

Ilinais
Allied Radio, Chicago
Newark Electronics, Chicago

Indiana Valley Industrial Electronics, Utica
Graham Electronics, Indianapolis W estchester Electronics, White Plains
Maryland Ohio )
Kann-Ellert Electronics, Baltimore Akron Electronic Sup., Akron

Srepco, Dayton
Maossachusetts B v

Cramer Electronics, Boston Pennsylvania

De Mambro Radio Supply, Boston Philadeiphio Electronics, Philadelphia
Lafayette Radio, Boston Radio Elec. Service, Philadeiphia
Radio Shack, Boston Radio Parts, Pittsburgh

Minnesato Tennessee
Northwest Radio, Minnecpolis Electra Dist. Co., Nashville

Missouri Washingtan
Burstein-Applebee, Kansas City F. B. Connelly Ca., Seattle

R - ——

s s

P.R.MALLORY & CO.Inc
Distributor
s ALLO RY
Indianapolis 6,
Indiana . - i
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electron pressure and ion motion
are neglected. Propagation char-
acteristics are expressed in terms
of only three parameter: o, v and
w,. Because transmission must
often be analyzed under the worst
possible conditions, at maximum
w,, the parameters are normalized in
Fig. 1-4 with respect to «,. Thus
Q = w/w, M = /o, and ¢ =
v/w, Attenuation is plotted against
frequency for various values of the
normalized parameters. Normalized
attenuation in db/meter is [8.7(w,
/¢.) " ]a, where ¢, = 10” meters/sec,
the speed of light in a vacuum.

The plots show that in ionized
media with a steady applied longi-
tudinal magnetic field, both right-
handed (RH) and left-handed
(LH) circularly polarized waves
are possible. An LH wave (Fig. 1)
can be transmitted free of attenua-
tion below plasma resonance but
only over a limited frequency
range. With no collisions (¢ = 0),
to transmit at 0.4 Q, m must be 2.
If », is 8 Ge (electron density 10”
electrons/cm®), required magnetic
field is about 2,000 gauss. Gen-
erating such large fields in a space
vehicle is now only remotely
possible.

To transmit an RH wave, how-
ever, magnetic field strength need
not be so large; a low-frequency
window exists (Fig. 4). With ¢ =0,
an RH wave can propagate with no
attenuation if @ <m. With a mag-
netic field of 100 gauss, transmis-
sion up to 300 Me is possible with
little or no attenuation, indepen-
dently of electron density. Generat-
ing such a field is difficult but by no
means impossible; it is only con-
centrated around the antenna and
need not extend beyond a fraction
of an inch into the shock wave
boundary layer where electron den-
sity is greatest. The field might be
generated by magnetizing the space
vehicle shell’ or by creating large
circulating currents on its skin
with arrays of thermocouples.’
Solving this problem can eliminate
the communications blackout at re-
entry.

When collisions are considered,
there are no sharp frequency
boundaries between regions of
propagation and of absorption.
Theoretically, all frequencies can
propagate with different attenua-

electronics
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FIG. 4—With applied longitudinal
magnetic field and no collisions, RH
wave can propagate at frequencies
determined by m

tions, depending on », which agrees
with published data. For example,
with o, of 1 Ge, an applied mag-
netic field of 100 gauss (0.5 m) and
v = 0, transmission is impossible
between 0.5 and 1.3 Ge (Fig. 2).
However, if electron collisions occur
at a frequency of 1 Ge (q = 1)
under the same conditions, total at-
tenuation never exceeds 5 db for a
50-cm ion sheath.

In the earth’s magnetic field, w,
is a few megacycles at the surface.
At higher altitudes, o, falls in the
vlf range. The low-frequency win-
dows (@ <m) in Fig. 2 suggest the
possibility of transmitting vIf sig-
nals along the lines of the earth’s
magnetic field. At vif, interaction
between waves and ions as well as
electrons must be considered.

As further investigation and
experimentation proceeds in this
area, communications into and
from space and between distant
points on the earth along the lines
of its magnetic field may become a
reality.
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BY STANLEY M. INGERSOLL, Capabilities Engineer

Report No. 10
AQC 600 Propellant Utilization Control System

For maximum efficiency from a liquid propellant missile, fuel and
oxidizer must be depleted simultaneously. Our new AQC 600
system, which consists of a controller and a differential pressure
ratio sensor, measures the pressure ratio of fuel and liquid oxygen
remaining in the tanks of a missile at any given time — then accu-
rately controls the flow of these propellants into the combustion
chamber. The percentage of accuracy is based on the propellants
remaining in each tank, not on the full scale quantity. This reduces
the absolute error signal as the propellant levels are decreased.
The SM/I system measures the liquid head of each propellant and
computes the ratio between the two head pressures electro-
mechanically. An amplified error signal actuates a valve that
changes the relative flow between fuel and liquid oxygen until the
error signal is reduced to zero.

Typical Performance Specifications

Pressure Conditions

Max. line pressure ......... 120 pslg

Max. differential pressure ... 35 psi

Min. differential pressure ... 0.2 psid

Ambientt L gl el N 8 0-15 psi

Gaseous medium ........... Gox, Helium, Nz, Air or H2
Electrical

Input . ... ..iee. eeeeaaa. 115 voits, 400 cps, 10W

28 VDC — 1 amp.
Heater Voltage ............ 28 VDC — 30 watts

(used only below 35°F)
Environment

Vibration ..... seacacrnance 10-38 cps +20 g's
38-2000 cps +20 g's

SHOCKI ) Thaay. LRErs. 30¢g’s )

Acceleration .............. 15 g's (one axis)
Accuracy (on basis of ratio)

Sensor ........ +0.5% Computer...+0.15%
Weight

Sensof ........ 3.81b Controller...4.8 Ib

P.U. SENSOR
CONTROL
ASS'Y
TURBINE
LOX PUMP
AMP.—/ FROM

ELECTRIC £ GAS
MOTOR DRIVE G%’%‘éﬁ’“ Photograph

and over-all
COMBUSTION system diagram
CHAMBER

BYPASS"VALVE

For more information and complete operating specifications, write
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll,
Capabilities Engineer.

s M/I SERVOMECHANISMS/INC,
lLos Angeles Division

12500 Aviation Boulevard
Hawthorne, California
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COMPONENTS AND MATERIALS

Photocells Open Up New Applications

POLYCRYSTALLINE photoconductive
cells are small, non-linear circuit
elements, that behave as light con-
trolled variable resistances. By re-
placing a critical resistance in a
conventional circuit, a photoconduc-
tive cell can transform operation of
the circuit into a direct function of
ambient light intensity. Several
recent control and instrumentation
circuits using the variable resist-
ance characteristic in novel ways,
demonstrate the still untapped ver-
satility of the cells.
Early applica-
- tions of photo-
conductive cells
were based on
direct replace-

(ﬁ ment of photo-
! / emissive tubes
for reasons of
| TSN
[ £

economy, rug-

gedness,and
miniaturization.
The cells are

i &, ’ many times
¢

! smaller than the
.The light touch equivale.nt ;.)ho-

toemissive
tubes, and associated circuitry, that
they replace.

One manufacturer, Clairex Corp.,
New York City, claims photocon-
ductive cells are one million times
more sensitive to light changes
than ordinary photoemissive tubes,
and require a lower operating

potential.
Clairex produces a series of
cadmium sulfide and cadmium

selenide cells. The devices are com-
posed of a small chunk of photo-
gsensitive material mounted on a
small ceramic wafer & in. in di-
ameter, and v in. thick. Indium
electrodes symmetrically cover part
of the surface, leaving a photosensi-
tive rectangle about s in. long and
# in. wide, with the electrodes
paralleling the long edge.

Depending on application the
complete assembly may be either
hermetically sealed in a thin glass
envelope, or housed in a polyester-
plastic case having a small trans-
parent window.

Spectral response of the cells de-
pends upon the type of photosensi-

74

tive material used, and the cell
geometry. Peak response points of
the Clairex units range from 5150
A to 6900 A. Most cells are sensi-
tive to a wide band of light frequen-
cies, including those extending past
the visible spectrum limit, enabling
their use in “invisible” light appli-
cations.

Certain units will differentiate
between visible colors, and can be
used where several interfering light
sources are present, but only one,
monochromatic, source is of con-
trolling interest.

Light to dark current ratios of
typical cells, measured after 5 sec-
onds in the dark following exposure
to a 2 ft-candle intensity light, vary
from about 100 to over 10,000, de-
pending on the photosensitive ma-
terial used. The cells have an oper-
ating temperature range of —50 C
to 75 C.

Control and instrumentation de-
vices using photoconductive cells
usually shield them from extraneous
light, with an enclosure, and use
some type of controlled light source
for excitation. Very small fluctua-
tions in light intensity reaching the
cell can be monitored. These fluctu-
ations may be caused by a changing
semi-transparent medium between
the cell and the source, or by a
varying light beam modulated by
an element sensitive to some phy-
sical phenomenon.

Indirect blood pressure measure-
ments are made, by a new photo-
sphygmometer, by monitoring the
changes in transmittance, of a light
beam, through a blood vessel net-
work. During each cardiac cycle,
the volume of blood in the network
changes, altering the light trans-
mittance. The device, developed at
the Dept. of Anesthesiology, Uni-
versity of Va. Hospital, can be used
on any mass of tissue that has a
vascular supply, and through which
light can be transmitted. The nail
bed is ideally suited for this pur-
pose, being highly vascular, and
semi-transparent.

Variations in transmittance are
monitored with a transistorized
unit in which the signal is ampli-
fied and indicated by deflections on

Photocell and lamp assembly clipped
to patient’s finger in blood pressure
measurement

Tracing mechanism for gas cutter
uses photoconductive cells

a ballistic V. U. meter or oscillo-
graph, or by the presence of an
audio tone.

In use, the photocell assembly,
and a small low-intensity light
source, are clipped to the patients
finger, and light intensity and am-
plifier gain are adjusted until fluc-
tuations are observed. A conven-
tional <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>