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Basic Research at Sun Oil Company
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Discovery: The Transition Behavior of Waxes

The scientist shown above is Dr. David S.
Barmby, Research Physicist at Sun’s Marcus
Hook Research Laboratory (B.Sc., Ph.D.,
Physics, University of Leeds, England;
Associate of the British Institute of Physics;
Member of the American Physical Society;
and Member, Philadelphia Catalyst Club).

Dr. Barmby and his team of researchers
are engaged in an extensive study of the
physical behavior of paraffin waxes. The
purpose of this study is to discover the
true nature of wax solid-solid and solid-
liquid phase transition processes and to
determine the relationships that exist be-
tween fundamental and technological prop-
erties of waxes.

This basic research activity, which is
essential to the Company’s continuing
development of new and improved wax
products, involves a combination of tech-
niques—X-ray diffraction, differential
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Correlation between X-ray diffraction (top), dif-
ferential thermal analysis (middle), and dilato-
metric data (bottom) for a paraffinic wax fraction.

thermal analysis and volume dilatometric
measurements. Progress to date has been
significant, asreportedinarecentpaper.* Dr.
Barmby’s studies reveal that three different
typesof transition behavior are encountered.

Firstly, paraffin waxes melting below
about 60°C exhibit two solid-solid transi-
tions below their melting point. The lower
transition is a lattice transition including
both a volume and a latent heat change. The
second transition, at a higher temperature,
involves a gradual change from an ortho-
rhombic to a hexagonal lattice structure with
no discrete volume change and no observ-
able latent heat. There is, however, a dis-
continuity in the thermal expansion coef-
ficient at this second transition point.

The second type of transition behavior is
encountered in waxes melting in the range
60-75°C. In these waxes, only a single
transition occurs below the melting point
and this transition always involves both a
volume and a latent heat change. The third
type behavior is found in the high melting
point waxes where, as is well known, no
solid-solid transitions are identified below
the melting point.

In the first and second types of behavior,
the endothermic transition occurs when the
orthorhombic (110) and (020) lattice spac-
ings reach critical values. In paraffinic
waxes this criticallity appears as a constant
specific volume at the transition point.
Particularly significant to the wax technolo-
gist is the fact that these studies correlate,
for the first time, the findings of the three
techniques used, namely, X-ray diffraction,

*Presented at the Sixth World Petroleum Congress, Frankfurt/Main, June 24, 1963.

PROMOTING PROGRESS THROUGH RESEARCH
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differential thermal analysis and volume:
dilatometric measurements.

Dr. Barmby’s work has also resulted in a
number of significant findings relative to
wax crystallization, i. e., that the crystalliza-
tion process is independent of both the
melting point and the paraffinic hydrocar-
bon composition, that the process occurs
by a two-dimensional growth mechanism
involving secondary nucleation, and that
the growth rate is diffusion controlled.
Other studies have included investigations.
of the phenomena encountered in quenched
wax films on paper substrates as well as the:
effect of polymer additives on the funda-
mental behavior of paraffin waxes.

The work of Dr. Barmby and his team is
just one of many important major research
programs currently under way at Sun.
These programs, conducted at four separate
research labs across the country, are led by
other renowned scientists, are carried out
by hundreds of R&D personnel and delve
into such interesting and diverse subjects
as: mechanisms of chemical reactions,
microbial behavior in hydrocarbon media,
synthesis of new organic compounds, and
certain aspects of plasma physics.

SUN OIL COMPANY
1608 Walnut Street Philadelphia 3, Pa.




This is silicon, the second
most abundant element
in the earth’s crust.

Its natural forms include
quartz, rock crystal,
amethyst, agate, flint,
jasper and opal. These
forms don’t interest us,
because we don’'t

make jewelry.

But the silicon here is in
a most-unnatural, pure,
polycrystalline form. It
does interest us, because
from it we make more
than four-hundred and
twenty different silicon
semiconductors. Many of
them are PLANEX
semiconductors,
Raytheon’s designation
for planar epitaxial.

The next time you think
about silicon diodes,
transistors or integrated
circuits, remember the
four-hundred and twenty
advanced silicon planar
types we make. If you
don’t find one you like,
we’ll invent a new one.
We've done it two or
three-thousand times.

An equal opportunity employer. For career information, contact Mr. R. T. Hodges Dept. E-4

RAYTHEON COMPANY . SEMICONDUCTOR DIVISION - 350 ELLIS STREET . MOUNTAIN VIEW, CALIFORNIA
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Westinghouse assignment: Define a system to guide ships and planes everywhere

Westinghouse is defining for NASA a sys-
tem of satellites and ground stations tai-
lored specifically for the navigation and
traffic needs of ships and planes.

As now envisioned, here's how the sys-
tem will operate: A ship or plane will file
a flight plan or intended course at the
ground traffic center, including instruc-
tions to transmit a fix at specified intervals.

The traffic center will fix the craft's posi-
tion by using a satellite as a navigational
reference point. Then, the fix will be trans-
mitted to the craft via the satellite. The
complete operation will take only a fraction
of a second.

Continuous monitors of appropriate
agencies will scan worldwide traffic pat-
terns and, again by satellite transmission,

warn any craft in danger of collision. In
the event of disaster, air and sea rescues
will be able to get underway without delay.

Westinghouse is evaluating the problem
so that such a system can be developed at
minimum cost and with maximum benefit
to civilian air and sea operations.

if it's Westinghouse.

J-02352A

You can be sure. ..

We never forget how much you rely on Westinghouse
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THE COVER

The photograph on the cover shows an ancient Roman glass plaque, or tile
(see page 120). Such plaques were formed by pairing two identical “slices”
of a glass bar several inches long. The bar was built up by drawing and fus-
ing together a number of separate design elements, each of which had been
formed by combining variously colored glass rods. The cover picture was
made by pairing two photographs of one plaque from the Corning Museum
of Glass. The actual size is about the same as that in the picture above.
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You are
about to hear
the mag:ifi:ent
sound o
_/  the exciting — J
| new
Sony
Sterecorder
200...

... at your dealer’s today. Less than $239.50, complete with two dynamic microphones and the revolutionary Sony
lid-integrating high fidelity speakers. For literature, or name of nearest franchised dealer, write Superscope Inc., Sun
Valley, California. m All Sony Sterecorders are multiplex ready. In New York visit the Sony Salon, 585 Fifth Avenue.

SIS supensiore. |
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Do you have a gas or liquid dehydration
problem? Do you have some special con-
ditions? Alcoa probably has the answers.

Alcoa® Activated Alumina dries gases
and liquids as dry as or drier than any
other commercial desiccant. And we can
recommend the precise type, grade and
size to do your job.

Does this sound overconfident? It's not.
Alcoa Activated Alumina, granularin form,
is one of the few compounds that will ad-
sorb and hold moisture without change in
form or properties.

How dry do you want it?

(Alcoa Activated Alumina dries to lower dew points than any other commercial desiccant.)

Dew points below —100°F are readily
attainable. In fact, —140°F (measured)
and —200°F (estimated from downstream
process conditions) have been obtained
in commercial operations.

Alcoa Activated Alumina is inert chem-
ically to most gases and vapors; it is
nontoxic; it will not soften, swell or disinte-
grate in water. While some desiccants lose
substantial adsorptive capacity on subse-
quent reactivation, Alcoa Activated Alumi-
na can be reactivated indefinitely without
seriously lowering adsorption capacity.

© 1963 SCIENTIFIC AMERICAN, INC

Back to your problem. We’ll help solve
it. May we suggest that you fill out our
Gas or Liquid Dehydration Questionnaire. For
your copy, please write Adsorption Service
Center, Aluminum Company of America,
949-L Alcoa Building, Pittsburgh 19, Pa.

Entertainment at Its Best... ALCOA PREMIERE
Presented by Fred Astaire...Thursday Evenings, ABC-TV

ALCDA
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WHERE'S GARRETT?

EVERYWHERE! Here are a few of the ways U.S. defense and space progress are being helped
by Garrett-AiResearch: IN SPACE—Environmental control systems; auxiliary power systems; advanced
space power systems; research in life sciences. IN THE AIR—Pressurization and air conditioning
for most of our aircraft; prime power for small aircraft; central air data systems; heat transfer equipment
and hundreds of components. ON LAND — Aucxiliary power systems for ground support of
aircraft and missiles; standard generator sets; cryogenic systems; ground support instrumentation and controls.
ON THE SEA—Auxiliary, pneumatic and electrical power for ships; auxiliary power systems
and air conditioning for hydrofoil craft. UNDER THE SEA—Environmental systems for submarines
and deep diving research vehicles; pressurization systems, computers
and control systems for submarines and underwater missiles.

b 4
THE FUTURE IS BUILDING NOW aAw (-7 11 {3
A

Los Angeles - Phoenix
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Geometry.

Performance.

Price.

There are dozens of rack-and-panel
connectors that give you either geo-
metry, performance, or price—maybe
even two out of three. Only Amphenol
Blue Ribbons, though, give you all
three. That explains their popularity.

THE THREE BASICS

These are the three fundamental
considerations behind every rack-and-
panel connector application:

Geometry. The connector must fit
the package. It must be small enough
to serve unobtrusively in miniaturized
equipment; large and rugged enough
to handle the heavy duty jobs; and
at the same time, accommodate the
necessary number of interconnections.

Performance. Not only must a rack-
and-panel connector mate perfectly.
It also has to carry current with a
minimum of resistance. And it must
perform again and again in a wide
range of environments.

Price. A truly great rack-and-panel
connector should be a bargain. That
is, the connector should deliver top
value per purchase dollar.

LET'S TALK GEOMETRY

Blue Ribbons come in two series . ..’

small (26 series) and smaller (57 series
...called Micro-Ribbons). Series 26
units pack 32 contacts into a 3}4" x 34"
body with 8, 16, and 24 contact units
available in proportionately smaller
bodies. Micro-Ribbons come with 14,
24, 36, and 50 contacts and are, con-

@T_

tact for contact, one-third the size of
the 26 series. All are rated 5 amps.

Unlike pins and sockets, Blue
Ribbon contacts join with a wedge-like
mating action. Once united, resilient
spring action binds male and female
together.

The advantages are fourfold:

1. Extremely low insertion and with-
drawal forces combined with high
contact pressure when mated;

2. Remarkably low contact resistance
because of large contact surfaces;

3. Self-wiping action of contacts as-
sures a clean mating surface after
every insertion; and

4. No pin bending or socket jamming.

o 5,
4

Four Blue Ribbon connector types:

(A) Micro-Ribbon 14-contact pair in cable-
to-chassis housing;(BjMicro-Ribbon 50-contact
pair with cable-to-chassis housing; (C) Blue
Ribbon 36-contact pair in latch-type housing
with end cable outlet; (D) Circular Blue
Ribbon pair.

© 1963 SCIENTIFIC AMERICAN, INC

14 MILLIVOLTS DROP

Performance? Blue Ribbons behave
like champs after thousands of mating
cycles in salt spray. Electrical and
mechanical changes are barely meas-
urable.

Contact resistance, for example, is
normally in the order of 14-millivolts
drop at 5 amps.

Reliability? Over 5 billion contacts
have been used by the maintenance-
conscious telephone industry— with-
out a single reported failure! (Confi-
dentially, we think there must have
been a failure someplace, but nobody
told us about it.)

ACCEPTANCE

Competition, oversupply, and panic
have forced many electronic compo-
nent prices down, often to profitless
levels.

Blue Ribbon prices are down, too.
But for a different reason. Blue Ribbon
prices have resulted directly from the
acceptance that this unique connector
has built up since its introduction
nearly fifteen years ago.

EASY TO BUY

You can get Blue Ribbon (or Micro-
Ribbon) connectors as fast as one of
our sales offices or stocking distributors
can arrange shipment.

If you'd like to know more about
Blue Ribbon connectors, just write to:
Dick Hall, Vice President, Marketing,
Amphenol Connector Division, 1830
S. 54th Avenue, Chicago 50, lllinois.

' Amphenol Division/Amphenol-Borg Electronics Corporation
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Western Gear hasn’t stopped short of new horizons since '88

Western Gear has grown by keeping abreast of =~ We produce aircraft and missile components and

industry and science across every new horizon. systems. And we supply a wide range of printing

That’s why today you’ll find our seven divisions  presses to the graphic arts industry. Doesn’t it

working in such diverse areas as space and hydro- seem likely that one or more of our seven divi- Systems Management
space. Our products range from miniature motors, sions could be of special service to you right now?

fans and blowers to the heaviest power trans- Write for Corporate Capabilities Bulletin 5900. 357

mission drives, gear motors and speed reducers. Address Western Gear Corporation, Box 182, Lyn-  Electro Products Industrial Products Southwestern
We build large marine gears and deck machinery. wood, Calif. or cable WESTGEAR, Lynwood, Calif.

Precision Products

Everett, Washington; Belmont, Lynwood, Pasadena, California; Houston, Texas . Offices in principal cities Graphic Arts  Heavy Machinery
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Did you know . ..

you can get an NCR 315 Computer
System for only $3800 per month?

YES . . . five magnetic tape handlers, a punched
paper tape reader, a high-speed printer, a console,
and a processor containing a 10-thousand character
memory for only $3800 per month.

With this NCR 315 computer system more busi-
nesses than ever before can enjoy the benefits of
electronic data processing. It is a system that is ex-
pansible —up to 16 NCR CRAM (Card Random

NCR PROVIDES TOTAL SYSTEMS — FROM ORIGINAL ENTRY TO FINAL REPORT-—
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING

The National Cash Register Co0.:1,133 offices in 120 countries + 79 years of helping business save money

Access Memory) files, up to four magnetic character
sorters, up to three more magnetic tape files, and a
punched card input/output unit can be added as
future requirements dictate.

There's more we could say about this system . . .
space does not permit. Give your local NCR Repre-
sentative a call . . . he has all the facts.

© 1963 SCIENTIFIC AMERICAN, INC



for pressure measurement?

(o]

INDUSTRIAL

PRODUCTS |

GROUP P. O. BOX 66027
12

010356

a galvanometer

We borrowed from the age-old galvanometer and called on TI fused

quartz experience to develop a new scientific tool — the Precision Pres-

sure Gage. Unique is its Bourdon tube of fused quartz — a true pressure

galvanometer. With this gage, you can have a recording micro-barometer;

determine high-temperature vapor pressures;

measure Corrosive gas

pressures; calibrate plant gages and altimeters; and measure the vapor
pressure of boiling helium (or any gas) to within .00005 psi. We use
the gage with a TI cryogenic system to calibrate TI low temperature
probes down to 1° Kelvin. We also use it with our Precision Pressure

Controller over ranges from 3 microns to 500 psi, at temperatures rang-
ing from +1000°F to —458°F. It is precise, versatile and economical.

By using fused quartz and optical read-
out, we achieve resolution to 1 part in
100,000, repeatabilities to 2 parts in
100,000. Photocell circuitry can drive a
recorder, and our servo-nulling gage
resolves pressure changes automatically
to within .000005 psi. The gage is com-
pact, easier and faster to use than mer-
cury manometers or dead weight testers
of comparable accuracy.

Look to TI for the latest scientific instruments in fields of precision pres-
sure measurement and cryogenics. Cryogenic products include infra-red
bolometers, liquid helium dewars, germanium thermometers and cryo-

genic systems.

Write for Bulletin P-141-2

NCORPORATED

HOUSTON, TEXAS 77006
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TEXAS INSTRUMENTS

LETTERS

Your September issue “Technology
and Economic Development” was su-
perb. I was particularly attracted by

1 . . . >
| NevinS. Scrimshaw’s finearticle, “Food.’

There were, however, two points in his
[

paper for which I would suggest addi-
tional dimensions.

First, Scrimshaw states that the U.S.
“produces a huge surplus of food.” This

| may overstate the present situation.

Actually not all crops are in “huge sur-
plus”; rather, excess stocks (and pro-
duction capacity) are found largely in
wheat, feed grains and cotton. In the
case of the grains, utilization in the past
two years has exceeded production as
growers have reduced acreage. And re-
maining stocks may not be considered
huge by some when examined in terms
of emergency reserves (at present we
| have approximately a 12-month reserve
of wheat) or in terms of supplying food
to underdeveloped nations, now and in
the future. The nature of the present
surplus, then, depends to some degree on
how it is viewed.

I would also suggest another dimen-
sion to Scrimshaw’s statement that “feed-
ing fuel to a machine is cheaper than
feeding a horse, and the machine needs
less care and maintenance.” In certain
societies or at certain stages of devel-

Scientific American, November, 1963; Vol. 209.
No. 5. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N.Y.;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.

Editorial correspondence should be addressed to
The Editors, ScienTiFic AMERICAN, 415 Madison
Avenue, New York 17, N.Y. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScCIENTIFIC  AMERICAN, 415 Madison Avenue,
New York 17, N.Y.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 117 Madison Avenue,
New York 17, N.Y.

Offprint correspondence and orders should be
addressed to W. Freeman and Company,
660 Market Street, San Francisco 4, Calif.

one year, $6; two years, $11;
These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall, Lon-
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shilling two years, three pounds 19 shillings;
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on target with turboshaft power for the LOH—the Light Observation Helicopter which will soon be helping
the Army fulfill its mission. The only LOH engine to have both US Army approval and FAA certification,
the Allison T63 was selected for the LOH because of its light weight, power, simplicity, compactness and
ease of maintenance. Now proving its capabilities in airframe evaluation flight tests for the Army, the
T63 has over 1,000 flight hours, hit every performance and delivery target set for it. That kind of
bull's-eye performance is the big reason why our otheraerospace and nuclear programs are also on target.

Allison |

THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, IND.
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BARELY VISIBLE ON A FINGERTIP!
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The Semiconductor Division of HUGHES AIlR-
crarT Company, Newport Beach, California, fab-
ricates MICROSEAL* transistors and diodes. The
MICROSEAL configuration is a small, ceramic cyl-
inder, .062 inches in diameter. Total thickness
is .030 inches. Metal and ceramic are brazed to-
gether to form a hermetically tight container.
The Bausch & Lomb StereoZoom microscopes
permit seeing these microminiature parts in en-
larged, natural, three-dimensional detail. The
long (up to 7”), unobstructed working distance
of the StereoZoom allows intricate assembly op-

erations without damage to delicate parts. A turning of the zoom dial gives

% LY
|‘.‘ v %

STEREOZOOM® HELPS PRECISIUN-MANUACTURE |
THE MICROMINIATURE AT HUGHES AIRCRAFT. ..

continuously variable magnification without altering working distance.

A wide choice of 24 models assures you of obtaining just the right one
for your inspection and assembly needs. For an on-the-job demonstration
of the B&L StereoZoom microscope, call our nearest office, your dealer, or
write Bausch & Lomb Incorporated, 75847 Bausch Street, Rochester 2, N. Y.

BAUSCH & LoMB @)

In Canada, write Bausch & Lomb Optical Co., Ltd., Department 758, Scientific Instrument Division, 16 Grosvenor St., Toronto 5, Canada

*Trademark Hughes Aircraft Company

14
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opment this may not be true. Study of
the introduction of the tractor to Soviet
agriculture suggests that initially the ma-
chine may not have been more economi-
cal than the horse. It also appears that
proper care and maintenance of the trac-
tors was a severe problem. It still is
today. Other developing nations could
well face the same problems.

In general, however, I can only com-
mend Scrimshaw for a fine paper and
the editors for an excellent and well-
balanced issue.

DaNa G. DALRYMPLE

Federal Extension Service
United States Department of Agriculture
Washington, D.C.

Sirs:

Whatever the meaning of the word
“flourish,” it is hardly fair to say, as
A. Rupert Hall says in his review of
Lewis S. Feuer’s “The Scientific Intel-
lectual” [SciENTIFIC AMERICAN, August]
that “the upper levels of Russian society
from, say, 1800 to 1917 were not notably
austere, ascetic or superstitious. Yet sci-
ence did not flourish.” During this period
Russia produced some great scientists:
the mathematicians Lobachevski, Lia-
punov and Markov, the chemist Men-
deleev, the physiologists Pavlov and
Metchnikoff, and Prince Golitsyn, one
of the founders of modern seismology.
There were many others of lesser rank.
For a comparative newcomer to the field
of science (Russian science began with
the reforms of Peter the Great) and an
industrially backward country this was
a considerable achievement.

A. V. BusHKOVITCH

Department of Physics
Saint Louis University
St. Louis, Mo.

ErraTUuM

Pitambar Pant, author of the
article “The Development of In-
dia” in the September issue of this
magazine, has called attention to
the fact that the maps of India il-
lustrating his article do not plainly
show the state of Jammu and
Kashmir to be included within the
international boundaries of India.
For these maps and for the accom-
panying statistical charts the edi-
tors, who prepared them, assume
exclusive responsibility.



Why Allen-Bradley hot molding is
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so important to resistor performance

@ First and foremost, Allen-Bradley’s exclusive hot
molding provides a uniformity that cannot be matched
by any other resistors on the market—a fact with which
hundreds of Allen-Bradley customers have become
acquainted through their experience for over 30 years.
Such history of uniformity in physical dimensions and
electrical properties from one resistor to the next . . .
from one order to the next . . . has been demonstrated
in the production of more than ten billion resistors.

In addition, with their stable characteristics and con-
servative ratings providing an extra margin of safety, you
can accurately predict long term resistor performance
under various circuit conditions—and at all times be
certain of complete freedom from catastrophic failures.

A unique manufacturing method is the key which

makes all this possible. Allen-Bradley’s hot molding
technique is unlike anything in the industry, because
both the process and the automatic machines— with
built-in precision control —were developed and per-
fected by Allen-Bradley. Here, the resistance material,
insulation material, and lead wires are hot molded into
one solid integral structure that’s mechanically strong —
completely free of cracks which might admit moisture.

There are additional reasons why more and more
leading electronic manufacturers are standardizing on
Allen-Bradley hot molded resistors. Complete specifica-

‘tions are furnished in Technical Bulletin 5050. Please

send for your copy, today: Allen-Bradley Co., 1204 S.
Third Street, Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Ltd., Galt, Ont.

- P
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MIL TyPE RC 06
TYPE CB 1/4 WATT

TYPE EB 1/2 WATT

TYPE TR 1/10 WATT

MIL TYPE RC O7

MIL TyPE RC 20

TYPEGB 1 WATT MIL TYre RC 32

TYPE HB 2 WaATTS

MIL TYPERC 42

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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GIVE A FORWARD OBSERVER FULL
CONTACT WITH ALL FRIENDLY FORGES!

Finding new and better ways to improve vital military
communications is a challenge we continually meet at
General Telephone & Electronics.

Not long ago, our scientists and engineers developed,
under the sponsorship of 1st CAG, Eglin Air Force Base,
Florida, a modular pack of four command radio sets that
permits tactical communications between anti-guerilla
fighters in forward areas and friendly forces, base head-
quarters, field personnel, and aircraft pilots—all at the
same time! With this communication package, one man
can command and control all ground and air movements
toward the objective.

A major advance in weight reduction, this 37-pound
command pack can be carried by a single parachutist or
dropped into a forward area to do the same job which
formerly required approximately 300 pounds of equip-
ment. It provides the full flexibility of 8 communication
channels in the high frequency, very high frequency, and
ultra-high frequency bands. With it, a forward observer
or forward air controller can communicate with ground
forces up to 25 miles, aircraft up to 100 miles and base
stations up to 500 miles away. And each of the four
transceiver units can be removed and operated independ-
ently as each has a self-contained rechargeable battery.
Yet, in spite of the versatility of this command package,
it was designed and produced in just 120 days.

Quick reaction to the military’s urgent need for better
communications is one of the many ways the scientists
and engineers of General Telephone & Electronics serve
the nation. The vast communications and electronics
capabilities of GT&E, directed through Sylvania Elec-
tronic Systems, can research, design, produce, install
and service complete electronic systems. These systems
include detection and tracking, electronic warfare,
intelligence and reconnaissance, communications, data
processing and display.

That is why we say the many worlds of defense elec-
tronics meet at Sylvania Electronic Systems, Division of
Sylvania Electric Products Inc., 40 Sylvan Road,
Waltham 54, Mass.

GENERAL TELEPHONE
SHECTRONIGS

Total Communications from a single source through

SYLVANIA ELECTRONIC SYSTEMS

Including Automatic Electric * General Telephone & Electronics
International * General Telephone & Electronics Laboratories
Lenkurt Electric ¢ Sylvania Electric Products
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Not every launch pad is a United stop...
but 18 major aerospace centers see us often

If your travels take you to many U. S. aerospace centers,

you're probably a regular United customer. Because United serves

more aerospace centers than any other airline. n

And with the world's largest jet fleet, United offers frequent, UNI TED
convenient schedules for your travel around the country. —

Our convenience and our genuine concern for all who fly T Y (2‘“ AIRLINE
with us are only two of the reasons more people -

choose United than any other airline in the world.
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“Why this TV recorder is best for me (or you)”

There are many reasons why the PI-3V portable TV recorder is by far the most

widely used in closed-circuit television. Below are a few of the reasons; for others,
send your name and address to get a copy of our new P RECISION

brochure. We'll also arrange, if you'd like, for a live

INSTRUMENT

demonstration in your office. Address us at 3170 @

Porter Drive, Palo Alto 12, California.

“You can tell it’s better engineered; there’s more re-
corder in less package. It uses no vacuum tubes at all,
fewer transistors, and is much simpler mechanically.
And you can see the difference in the picture’

s 3 Pt -

“Now that we’ve got the PI-3V, we tape everything
that goes on in surgery, day and night. More students
get exposed to it, with a better chance to study tech-
niques close-at-hand. And it's small enough not to get
in the way”

craw mbtEEEte

“If I can operate it, you know it’s easy. Just plug in the
camera and microphone, turn it on, and push the start
button. It re-winds and plays back just like the audio
recorders in our language department’’

“On my lecture tours, I take the PI-3V right with me,
even aboard planes. Only 75 pounds! And I can use it
anywhere in the world, 50 or 60 cycle current; I've also
run it from a gas-driven generator, and not a flicker on
the picture’”

© 1963 SCIENTIFIC AMERICAN, INC



Four years ago it was

Today—it’s the site of Caterpillar’'s new Technical
Center—facilities designed to provide additional
space for Caterpillar’s constantly expanding re-
search and development programs.

Intensive research has always played a major role
in helping Caterpillar to provide the right product
at the right time for both the standard product line
and specialized products for the defense program.

The new facilities already available at the Tech
Center include the Engine Research and Develop-
ment Lab, a Gas Turbine Lab, and a Research Ad-
ministration Building. Three other buildings are
planned—Engineering Sciences, Vehicle Component
Research and Research Manufacturing.

What do these modern facilities mean to the
performance of Caterpillar products?

Here's an example of the type of project con-
stantly recurring these days.

Frank Koch, supervising engineer in the Trans-
mission Lab, recently asked Research Engineer
Harry Wilson to evaluate new clutch disc material
for a vehicle in development.

He wanted Harry to find out if the new clutch
facing would engage smoothly. Would it withstand
heat generated during slippage? What was its co-
efficient of friction? Would it lead to better clutch
design? The list of questions was impressive.

A few days later Harry dropped a complete report
on Frank’s desk. Not many years ago—without easy
access to sophisticated instrumentation and com-
puters—the project could have taken several months.

Technical progress of this kind produces products
with greater built-in reliability. And it means shorter
development schedules, too.

At right are just a few examples of the modern
facilities at Caterpillar’'s new Technical Center.
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Telemetering

is a phase of modern
test instrumentation
regularlyused atCater-
pillar. Here a research
engineer adjusts a new
torque measuring
coupling which can
transmit signals to
measuring equipment
without mechanical
connections.

Analog tape recorder

plays back information
during a vibration test.
It records data from
failures which occur in
milliseconds during
realtime testing. It pre-
serves data from tests
which can’t be dupli-
cated easily. And it ac-
curately records test
variables which occur
rapidly.

Oscillograph

and analog computer
are calibrated and
adjusted before a dy-
namic strain simula-
tion. Through this
means the engineer
can observe, monitor
and record the effect
of a wide range of loads
on a system still in the
design stage.

Infrared spectro-
graph determines

changes in molecular
structure of liquids
and gases. Here a
Caterpillar research
engineer looks for in-
dications of structural
breakdown in an oil
sample subjected to
hard use.
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640 acres of lllinois farmland

Sheer

physical dimension
pays off in Caterpillar’s
accelerated research
effort. In the Engine
Laboratory a complex
of 72 soundproofed
testcells, similartothe
one here, is available
to subject engines to a
wide variety of rigor-
ous testing.

When completed the
six buildings of the
Technical Center will
give Caterpillar Re-
searchers the most
modern facilities pos-
sible to carry out their
long-range research.

CATERPILLAR

Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co.
Caterpillar Tractor Co., General Offices, Peoria, lllinois
Caterpillar Americas Co., Peoria, lllinois - Caterpillar Overseas
S.A., Geneva - Caterpillar of Australia Pty. Ltd., Melbourne
Caterpillar Brasil S.A., Sdo Paulo - Caterpillar Tractor Co. Ltd.,
Glasgow - Caterpillarof Canadaltd., Toronto - CaterpillarFrance
S.A., Grenoble - Caterpillar (Africa) (Pty.) Ltd., Johannesburg
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Move out here?

If you are looking for a super-dry at-
mosphere in which to process, assemble,
store, pack or use a product, the desert
probably won’t do. Too humid for most
applications. Leave your operation
where it is and write Lectrodryer. We
make equipment that will dry the area,
the process or the products in anything
from a test-tube to a five-acre factory.
Pittsburgh Lectrodryer Division,
McGraw-Edison Company, 336 32nd
Street, Pittsburgh 30, Pennsylvania.

Lectrodryer
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0 AND 100
YEARS AGO

SeieNTiFic A MERIGN
|

NOVEMBER, 1913: “Prof. J. J.
Thomson brought out the fact that cor-
puscles are emitted by alkaline metals
under the action of light, and the effect
feebly subsists in the dark. The (uestion
has been the object of research on the
part of various scientists. L. Dunoger
and E. Miller consider this effect to be
due to obscure heat rays and not to
radio-activity, and is a photo-electric
action set up by the infra-red rays.
Woodrow measured the potential and
considers the action not a Volta effect
but a spontaneous emission of corpuscles
like that which radio-action produces.
However, as H. Thirring claims it to be
due to the Volta effect and that such
cells act like galvanic cells, it will be
seen that the question is far from be-

| ing settled.”

“Before a recent congress of German
naturalists and physicians, Dr. W. Stem-
pell described the utilization of ultra-
violet rays in studying micro-organisms.

IBy the aid of ultra-violet rays it is
possible to discover objects which can-
not be seen in an 01‘di1mry microscope
because of their extreme smallness. With
the aid of ultra-violet rays Dr. Stem-
pell discovered the spore of the dreaded
parasite that infests the silkworm—a
feat which would have been utterly
impossible with ordinary light. Dr.
Stempell suggests that it may thus be
possible to discover the microbes of
infectious diseases of whose bacterio-
logical origin little is known.”

“The remarkable fact that two men at
| opposite ends of the earth had worked
out, unknown to each other, an identical
solution to the problem of the genesis
of species has been so often told that
it hardly needs to be repeated. Each
of these two men, with a modesty that
is rare even among scientists, constant-
ly insisted that all honor for the great
discovery was due to the other. For many
years they lived in friendly communion—
and nowhere is there the slightest in-
| dication of envy or jealousy. One of

these men, Charles Darwin, died in
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April, 1882; the other, Alfred Russel
Wallace, has just passed away.”

“The world’s fastest seagoing vessel
has recently performed its trial runs.
According to German press notices, the
Russian torpedo-destroyer Novik, built
in the shipyards of Vulcan-Werke, in
connection with the official trial on the
measured mile with her trial load, has
reached a mean speed of 37 knots, the
maximum speed being 37.3 knots per
hour.”

NOVEMBER, 1863: appears
quite evident to all who observe the
signs of the times that Generals Grant
and Meade are about to open a new
campaign, which we trust will inau-
gurate glorious results. Not exactly fol-
lowing in the wake of these military
chieftains, the Publishers of SciExTIFIC
AMERICAN propose to begin, on the
first of January next, a new and bril-
liant campaign in the fields of popular
science, and they hope to give renewed
assurance that this journal is fully up
to the stirring events of the day. After
a flattering success of 18 years SciEx-
TIFIC AMERICAN will commence a new
volume at the time mentioned, being
the ‘Tenth’ of the ‘New Series.” The
Publishers promise untiring devotion to
the interests of their patrons. No de-
partment of the journal will be allowed
to fall behind preceding years, while
it will still be their aim to excel in
every respect.”

“Tt

“Several valuable prizes have recent-
lv been finally adjudicated, and the
money will be ready for distribution in
the course of a week or 10 days. Among
them are the Memphis, the Britannia and
the Victory. The former was captured by
the United States steamer Magnolia and
vielded the snug sum of $510,914.07,
after paying the expenses of adjudica-
tion. Acting Volunteer Lieut. Wm. Budd
is the happy man who takes as his share
$38,318.55, his vessel not being attached
to a squadron at the time of the capture
and his share being three-twentieths
of the half awarded to the captors. All
the officers on this vessel belonged to
the volunteer service, and their several
shares amount to a handsome sum. The
sailors too come into a small fortune
for them, the seamen getting $1,736.86
to each, ordinary seamen $1,350.88 and
the landsmen $1,157.91. The Navy is in



BELL
LABORATORIES

To produce these mode patterns, the normal operation of a helium-neon optical maser is perturbed by placing a pair of wire cross hairs in the
cavity. These wires interact with the mode structure of the unperturbed cavity, suppressing some modes and, in certain cases, coupling others
together. By changing the angle between the cross hairs, this interaction can be altered and different mode patterns, as shown, can be produced.

A STEADILY GROWING FAMILY OF OPTICAL MASERS

Scientists at Bell Telephone Laboratories are con-
tinuing extensive research programs to gain increased
knowledge about optical maser (laser) action. The
immediate goal of these investigations is more com-
plete understanding of the phenomenon itself. In
the long run, however, this knowledge will help us
to evaluate better the communications applications.

One aspect of optical maser research is the study
of the mode structures in laser cavities. The modes
excited in a particular experiment can be identified
by mode patterns, shown above, produced by directing
the emergent beam onto a photographic plate.

Optical maser research at Bell Laboratories has
resulted in a broad new field of radiation science. For
instance, discovery of gas lasers also provided the
first continuously operating laser. The active medium
in this device is a mixture of helium and neon; its

operation depends on the excitation of neon atoms
by collision with excited helium atoms. Originally,
this system emitted infrared light, but recently it has
been made to produce visible red and yellow light.

More recently, in another significant advance, our
scientists have discovered two other new mechanisms
for creating maser action in gases. One depends on
the dissociation of oxygen molecules in mixtures of
oxygen and neon or argon. The other takes place in
pure noble gases—helium, neon, argon, krypton and
xenon—and depends on a direct transfer of energy
from accelerated free electrons to the gas atoms.

With these mechanisms and various gases or gas
mixtures, we have achieved maser action at approxi-
mately 150 different wavelengths extending from 0.594
microns in the yellow region of the spectrum to 34.5
microns in the far infrared—and more are in prospect.

BELL TELEPHONE LABORATORIES

World center of communications research and development
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Packard Bell Electronics’
Saturn Automatic Checkout System

How the Friden Flexowriter’ controls

its man-machine communications

24

By Jerry Slocum, ranager, Elec-
tronic Engineering Section, SATURN
Systems, Packard Bell Electronics, Los
Angeles, California

“The SATURN Automatic Checkout
System built by Packard Bell Elec-
tronics is a computer controlled sys-
tem used for factory checkout of the
SATURN 1 booster. The first system
has been delivered to NASA’s Quality
Assurance Division at Marshall Space
Flight Center, Huntsville, Alabama.

“The system consists of a Central Com-
puter Complex, containing a Master
Control Console and multiple PB 250
Computers in a master-slave relation-
ship; and satellite test stations each
having the capability of stimulus gen-
eration and response measurement of
a functional portion of the space ve-
hicle and its ground support equipment.

“At the Master Console a Friden Flexo-
writer provides direct connection to any
computer in the Complex. The Flexo-
writer is used for the normal paper tape
and typewriter data communications
with any PB 250 as if it were an off-line
computer.

“The majority of operator communica-
tions with the system are provided by
Flexowriters located at each test sta-
tion and by an additional (buffered)
Flexowriter located at the Master Con-
trol Console. These Flexowriters are
an integral part of the man-machine
relationship necessary for the success-
ful operation of a complex automated
system.

“The Satellite Test Station Flexowriters
and the buffered Flexowriter at the
Master Console participate in all three
modes of operation of the Automatic
Checkout System.

Flexowriter is a Registered Trademark of Friden, Inc.

“In the automatic mode, under com-
puter control, the Flexowriters provide
such things as hard copy outputs of
test results; tabulation of GO and NO-
GO measurements with their identifi-
cation points; type out of test progress
and type out of the actual test steps
being executed; and type in and type
out of operator instructions where
manual intervention is required.

“In the manual mode, the test stations
are off line from the computer complex
and the Flexowriters are the sole means
of command communication with the
test station. They provide means for
manual data entry via the keyboard or
the Flexowriter Tape Reader, and allow
such operations as manually single step-
ping through a program routine; con-
tinuous cycling for maintenance pur-
poses; and the manual exercising of
various system devices for confidence
check of hardware and programming.

“In the single step mode, the Flexo-
writers aid in the detailed de-bugging
of either programs or hardware by
allowing manual data entry in combi-
nation with the single step sequencing
provided by the test station.

“In addition to their function as in-
tegral test station devices, means are
provided for easily switching the Flexo-
writers to off-line operation for the
more conventional usages such as typ-
ing, preparing program tapes, and re-
generating existing tapes.”

The versatility ot the Flexowriter as
an input-output medium, a data-lister
and data-sorter, make it an invaluable
tool in the design and operation of any
control system. To fully investigate the
Flexowriter’s versatility, call your local
Friden Systems man. Or write: Friden,
Inc., San Leandro, California.

And, should you now be using the
Flexowriter in an application you
would like to share with your fellow
engineers in these pages, just write and

tell us about it. Address .
your application story F d
to Mr. George Beeken. Il en

Sales, Service and Instruction Throughout the World
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immediate want of seamen, and with
such chances for fortunes it is amazing
that the want exists for a single day.”

“The American Journal of Photogra-
| phy contains a very full report of Henry
| Draper’s paper recently read before the

American Photographical Society on his
new telescope and the large photographs
which he has taken of the moon. In the
paper it is stated that in the autumn
of 1858 Dr. Draper determined to make
the largest reflecting telescope in
America, the construction of which, with
various improvements introduced, has
occupied his time up to the present pe-
riod—more than five years. This telescope
is nearly 16 inches in aperture and 13
teet in focal length and was intended to
be devoted to celestial photography; con-
sequently it has many novelties fitting
it for this purpose. It has the largest
silver reflector of any instrument in
the world, with the exception of the
one in the Imperial Observatory in Paris.
Celestial photography is as yet only in
its infancy, but it is progressing rapidly.”

“An ingenious mechanic, Mr. S. H.
Roper of Roxbury, Mass., has invented
and put in operation anew steam wagon
or buggy for common roads. It is thus
described: —An ordinary four-wheel car-
riage has a boiler of about 16 inches in
diameter in the rear, with the lever reg-
ulating the steam and speed extending
over the seat in front. Beneath this boiler
is the furnace, and in the rear of the
boiler is a small water tank. The steam
gauge is on a level with the driver, and
he can at a glance ascertain the amount
of steam pressure. The whole machine is
of two horse-power. Two persons take
their seats in the carriage and off it starts,
the driver guiding with one hand the
tront wheels by means of a crank, and
with the other hand he can regulate the
speed of the engine or stop the curriage
in less time than a pair of horses can be
brought to a halt. Coal sufficient for one
day’s running can be carried beneath the
seat of the carriage, and although the
speed attained is that of the fastest horse,
the expense of running the carriage is
estimated at one cent per mile while in
operation, with the additional virtue
of not costing anything in the way of
teed and stabling when not in use. Late-
ly, when the carriage was exhibited, the
engine carried but 15 or 20 pounds of
steam and yet it taxed the power of the
horses present to keep pace with its
speed. The carriage and engine do not
weigh more than 700 pounds. No dit-
ficulty was experienced in turning sharp
corners or in backing.”
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PURE ?

Especially pure—color 1 max. to be exact. To get it, we got chemical resistance and temperature stability. Flexible epoxy
rid of troublesome high polymer fractions and left only the resins to blend with conventional epoxy resins.

essentially pure diglycidyl ether of bisphenol A. But actually, All Dow epoxies have excellent adhesion and low shrinkage
all of our epoxies are strong on purity. It all starts back with during cure. Resistance to thermal and mechanical shock.
quality control. We make all the ingredients for our epoxies. Toughness. Chemical inertness. Moisture resistance. Out-
Even most of the ingredients that go into the ingredients. standing electrical properties.

A fact alert inventors are sure to appreciate. You have the problems. .. we have the epoxies. Why not see
We have other unique epoxies. A family of flame-retardant bro-  if one can help in your development work? Samples available.
minated epoxies. Epoxy novolac resins with unusually high Write us. The Dow Chemical Company, Midland, Michigan.
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XEROX CORPORATION

DEVELOPMENT & PRODUCT
T WGt L et | ABOWATORY

take this card...add xerography...
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.. get engineering prints in seconds!

Think of it—sharp, clear prints from microfilm aperture cards—on ordinary paper, vellum

or offset paper masters. In seconds! With microfilmed drawings, and a Copyflo® or 1824®

Printer, you eliminate awkward pulling and refiling of original drawings. Your engi-
! neers get prints without delay. Important projects move ahead faster! m It’s a better way

to produce engineering prints. = Find out for yourself. Ask anyone who is using xerography

and unitized microfilm. To get all the facts . . . write: XEROX CORPORATION,

Department CF, Rochester 3, New York. Offices in principal U.S. and Canadian XEROX

cities. Overseas: Rank Xerox Ltd., London. Fuji-Xerox Co., Ltd., Tokyo. CORPORATION
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Why you should wear
ACCUTRON' instead of a watch

ONLY THE ACCUTRON TIME-
PIECEis guaranteed 99.9977 %
accurate on your wrist (not just
in a test laboratory).

ONLY THE ACCUTRON TIME-
PIECE does away with the hair-
spring and balance wheel, the
parts which limit the accuracy
of all watches.

ONLY THE ACCUTRON TIME-
PIECE—with just 12 moving
parts—is so rugged, so trouble-
free you can forget about usual
watch maintenance and repair.

ONLY THE ACCUTRON TIME-
PIECE keeps time by the con-
stant vibrations of a tuning
fork activated electronically.
It doesn't tick. It hums.

THE ACCUTRON TIMEPIECE
never, never needs winding—
even off your wrist. Power cell
lasts a full year. Second year's
cell free. Additional cell only
$1.50.

ACCUTRON has been selected
as a timing device in U. S.
space satellites and Telstar.

Above: Revolutionary electronic tuning fork mechanism of ACCUTRON seen through transparent dial of “Spaceview” model. 14-KT gold case. $200*

ACCUTRON is the only timepiece guaranteed 99.9977%

accurate on your wrist. It makes the finest watches —

even electric watches—obsolete.

<o == 'The ACCUTRON timepiece

EE keeps time by a revolutionary

new principle. This miniature

; tuning fork, driven by a tran-

Lﬁ) sistorized electronic circuit,

3 vibrates at a constant 360

times a second. Result? ACCUTRON is

the only timepiece that's guaranteed
99.9977% accurate on your wrist.

The ACCUTRON timepiece already
has become the new world standard of
accuracy. It was purchased by the U.S.
Air Force for every X-15 pilot. It's
approved for use by all major railroads.
And it's the timepiece of leaders in
science, industry and government.

See ACCUTRON —the most distinctive
timepiece you can own, the most unique
gift you can give. Your choice of many
distinguished waterproof* and shock-
protected styles, from $125 to $2500*.

For name of nearest ACCUTRON
dealer and free booklet, write Bulova
Watch Co., Inc., Dept.SA, 630 Fifth Ave-
nue, New York 20, New York. Don’t you
owe it to yourself to wear ACCUTRON
instead of a watch?

Read the ACCUTRON guarantee of accuracy!
ACCUTRON is guaranteed by Bulova not to gain or
lose more than one minute a month in actual daily
use on your wrist. For one full year from date of
purchase, the authorized jeweler from whom you
purchased your ACCUTRON timepiece will adjust
it to this tolerance, if necessary, without charge.

ACCUTRON comes in many distinguished
styles. Above: ACCUTRON ‘“214”’ Brilliant
stainless steelcase, raiseddialmarkers. $125*

AC C U TR O N BY BU LOVA—WORLD’S ONLY ELECTRONIC WRIST TIMEPIECE

©1963 Bulova Watch Company, Inc.,
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New York, Toronto, Bienne, Milan. *All prices plus tax—waterproof when case, crystal and crown are intact.



Basic Research at Honeywell

Research Center
Hopkins, Minnesota

Studies of Small Gap Semiconductors
for Infrared Detection

The window in the atmosphere between 8 and 14 mi-
crons has stimulated work on devices that will detect
longer wave lengths. New semiconductor materials may
make practical the detection of longer wave lengths
and therefore targets with far lower temperatures.

The atmosphere offers several windows for
energy transmission in the infrared spec-
trum. One particularly good one occurs
between 8 and 14 microns where energy
is transmitted freely. However, radiation
on either side of the window is blocked due
to absorption by the molecules in the at-
mosphere.

All objects at temperatures above abso-
lute zero give off radiations and the lower
the temperature the longer the wave length.
Therefore, if long wave lengths can be de-
tected by a practical means, targets of much
lower temperatures could be recognized.

Infrared detectors use either intrinsic or
extrinsic semiconductors. Intrinsic detectors
use electron transitions within the atoms
that make up the semiconductor material it-
self. The extrinsic type utilizes electron
transitions that occur due to the presence
of impurity atoms introduced into the semi-
conductor material. (See Fig. A.)

While the extrinsic materials permit de-
tection of infrared radiation beyond 6 mi-
crons, these materials require cooling to
below 40°K. This calls for bulky, heavy
apparatus undesirable for airborne applica-
tions and difficult to design into multi-
element detectors.

Until now no one has been able to make
an intrinsic conductor that will detect pho-
tons in the longer wave lengths. In an in-
trinsic detector the narrower the energy gap
between the valence band and the conduc-
tion band the easier it is to excite an elec-
tron across the gap. This excitation occurs
two ways: by photon excitation and by
thermal excitation. The problem is to pro-
duce a material with a gap narrow enough
to respond to long wave lengths (that is,
low energy photons) but wide enough so

that practical cooling temperatures will be
sufficient to minimize thermal excitation.
Honeywell scientists have performed a
theoretical analysis which shows the feasi-
bility of making an 8 to 14 micron intrinsic
detector capable of operating at liquid ni-
trogen temperature, 77°K. (—2320°F.)
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FIG. A

The analysis also shows that by the use
of intrinsic material the detectors operating
at 77°K could be made so sensitive that
the only limitation is imposed by the ran-
domness of the photons coming from the
radiation background. Problems present
themselves in selecting elements for the
semiconductor. For example: while some
narrow gap materials meet many of the re-
quirements, their gap is so narrow that the
required cooling is impractical. (This is the
case with mercury telluride.)

Honeywell’s contribution to the develop-
ment of a suitable detector has been to
prepare a compound semiconductor com-
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posed of different proportions of mercury,
cadmium and tellurium and to develop a
theory capable of explaining the behavior
of this material.

The compound is difficult to synthesize.
Mercury evaporates readily at room temper-
ature yet the compound requires heating to
800°C. At this temperature the pressure of
mercury within the capsule is very high.

A number of different compositions have
been formulated. Most promising is a com-
pound of approximately 80% mercury tellu-
ride and 20% cadmium telluride. With this
compound Honeywell scientists, for the first
time, have been able to demonstrate photon
detection at wave lengths out to 14 microns.
Previous workers had been able to demon-
strate only thermal effects in these mate-
rials.

Further work is under way at Honey-
well’s Research Center on purification of
the material and improvement of its crystal
structure. At the same time additional the-
oretical work is under way to further un-
derstand the very complex band structure
of small gap semiconductors. If the tran-
sitions in these materials can be explained,
new insights in semiconductor theory will
be attained. This research is partially sup-
ported by the Aeronautical Systems Divi-
sion, Air Force Systems Command.

If you are engaged in scientific work
involving small-gap semiconductors and
would like to have copies of papers on the
subject by Honeywell scientists, you are in-
vited to correspond with Dr. Paul W. Kruse,
Honeywell Research Center, Hopkins,
Minnesota.

If you are interested in a career at
Honeywell’s Research Center and hold an
advanced degree, you are invited to write
Dr. John Dempsey, Director of Research at
this same address.

Honeywell
Fout i Coditrsl
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RIGID GEON VINYL
STANDS UP

3

EATEN AWAY

Almost every day, rigid Geon vinyl wins
another fight against corrosion. It happens
in products that encounter urban and in-
dustrial waste gases, high humidity, or
salt air; and in products that directly con-
tact acids, alkalies and other corrosive
substances.

Whereas these attacks eat away other
materials, rigid Geon vinyl stands up. If
corrosion is a problem you face in a prod-
uct, write us for technical data that may
give the answer you need. Rigid Geon vinyl
is light in weight, easily fabricated, low
in cost, consistently uniform in quality.
Write B.F.Goodrich Chemical Co., Dept.
CA-11, 3135 Euclid Ave., ©
Cleveland, Ohio 44115. In @
Canada: Kitchener, Ontario.

B.EGoodrich Chemical ‘

a dwision ot The B.F Goodrich Company.
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EDWARD ]. SACHAR (“Behavioral
Science and Criminal Law”) is senior
research psychiatrist and director of the
Psychoendocrine Research Project at the
Massachusetts Mental Health Center in
Boston. He is also a member of the
faculty of the Harvard Medical School.
Sachar was graduated from Harvard
College in 1952 and received an M.D.
trom the University of Pennsylvania
School of Medicine in 1956. He studied
clinical psychiatry at the Massachusetts
Mental Health Center and also at Beth
Israel Hospital in Boston. His major
field of interest is psychoendocrinology—
the study of psychological influences
on the endocrine system; from 1959 to
1961 he did research in this area at the
Walter Reed Army Institute of Research
in Washington.

RAYMOND BOWERS (“Plasmas in
Solids™) is associate professor of physics
at Cornell University. Bowers was born
in London in 1927 and received his un-
dergraduate degree from the University
of London in 1948. Soon after obtaining
a doctorate in physics from the Univer-
sity of Oxford in 1951 he came to this
country to do research at the Institute
for the Study of Metals of the University
of Chicago. In 1953 he joined the West-
inghouse Research Laboratories, where
he investigated weakly magnetic solids,
including luminescent materials, semi-
conductors and metals. He became a
member of the Cornell faculty in 1960
and has since been engaged in research
on the interactions of electrons and mag-
netic fields in highly conducting metals.

DAVID H. HUBEL (“The Visual
Cortex of the Brain”) is associate profes-
sor of neurophysiology and neurophar-
macology at the Harvard Medical School.
Born in Windsor, Ontario, in 1926,
Hubel received a B.Sc. and an M.D.
from McGill University in 1947 and
1951 respectively. He studied clinical
| neurology for three years at the Mont-
real Neurological Institute before com-
ing to this country in 1954 to spend a
year’s residency in neurology at the
Johns Hopkins Hospital. In 1955 he be-
gan neurophysiological research at the
| Walter Reed Army Institute of Research
in Washington, and in 1960 he joined
the Harvard faculty.

VERN O. KNUDSEN (“Architectural
Acoustics”) is professor of physics and
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chancellor emeritus of the Universitv of
California at Los Angeles. Knudseir was
born in Provo, Utah, in 1893 and was
graduated from Brigham Young Univer-
sity in 1915. He received a Ph.D. in
physics from the University of Chicago
in 1922 and joined the U.C.L.A. faculty
the same year. From 1932 to 1938 he
was chairman of the department of phys-
ics and from 1934 to 1958 dean of the
graduate division of U.C.L.A. Adept
in both physiological and architectural
acoustics, Knudsen has invented instru-
ments for measuring and correcting im-
paired hearing and has also served as
acoustical consultant for several of the
first sound stages in Hollywood and for
numerous auditoriums, churches and
music buildings throughout the U.S. In
1958 he received the Wallace C. Sabine
medal for original contributions to archi-
tectural acoustics. He is a past president
of the Acoustical Society of America and
is currently president of the California
Institute for Cancer Research and chair-
man of the board of the Hollywood Bowl.
Knudsen recently moved his office into
U.C.L.A’s new physics building, which
has been named in his honor Knudsen

Hall.

H. O. ]J. COLLIER (“Aspirin”) is di-
rector of pharmacological research at
Parke, Davis & Company in Hounslow,
England. Born of English parents in
Brazil in 1912, Collier holds a B.A. and
a Ph.D. in comparative physiology from
the University of Cambridge. He taught
physiology at the University of Man-
chester from 1937 to 1941, when he
joined the staff of Imperial Chemical In-
dustries. He spent the next four years at
the School of Tropical Medicine in
Liverpool, doing research on the treat-
ment of spirochaetal diseases with peni-
cillin. In 1945 he set up a pharmacology
laboratory for Allen & Hanbury’s, Limit-
ed, which he directed until 1958, when
he joined Parke, Davis. Collier has par-
ticipated in the development of several
drugs, some of which are widely used
as neuromuscular blocking and anti-
microbial agents. In August of this year
he took part in the international pharma-
cological meeting held in Prague. He is
the author of the article “Kinins,” which
appeared in the August 1962 issue of
SCIENTIFIC AMERICAN.

EARL FRIEDEN (“The Chemistry
of Amphibian Metamorphosis”) is pro-
fessor of chemistry and chairman of the
department at Florida State University.
He received a B.A. in chemistry from the
University of California at Los Angeles
in 1943 and a Ph.D. in biochemistry
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Seen any 800-1b.
flexible molds lately?

We have. And it’s an excellent example of silicone rubber’s low-
cost accuracy and versatility as a mold material. RTV liquid
silicone rubber (800-1bs. of it) was recently used to reproduce a
full-scale replica of the Stone Age mural in the roof of the world
famous Altamira Cave in Spain. The RTV formed a one-piece,
46-square-meter silicone rubber blanket, 3 to 4 centimeters thick,
detailing each tiny feature of the roof’s surface. After curing, the
flexible RTV mold was carefully separated from the positive by
rolling. It was then taken to Munich’s Deutsche Museum where
a copy was cast, painted, and is on display.

Instead of traveling all the way to Munich to view this RTV
triumph, why not think up an 800-Ib. RTV application of your
own? We like selling RTV in 800-lb. packages. And our shipping
clerks do a remarkable wrapping job. Of course, RTV is remark-
able in all sorts of molding applications. Because it is flexible,
General Electric RTV simplifies the duplication of complex
designs with undercuts and other troublesome configurations,
produces molds that can be used many times without loss of
accuracy. RTV has its own built-in release, requires no parting
agents. (Not even a good divorce lawyer could do any better).
Unlike many others, RTV-molded parts emerge with a smooth,
glossy finish rarely require final polishing. Even severe
molding conditions are no problem to RTV, because it remains
intact and flexible in temperatures ranging from —60°F to +-600°F.

These are only a few of the reasons why flexible molds made from General Electric
RTV liquid silicone rubber produce precision reproduction of intricate designs at a
low overall cost. Drop us a line if you want more information about RTV’s properties
and applications. We'll also welcome inquiries from archaeologists who want details
about reproducing caves with RTV.

(etting more magazines than you can possibly read?
Why not aggravate your problem! Ask us to send you the current
copy of our magazine, GENERAL ELECTRIC SILICONES
DIGEST. It’'s a compendum of news about developments, new
ideas, products and current literature relating to silicone tech-
nology. Modesty prevents us from bragging that the DIGEST
contains invaluable information about silicones, brilliantly written
and dramatically illustrated. You’ll be able to see that for your-
self. The DIGEST is relatively easy to get: no money, no box-tops,
just a note from you asking for it.

We're loaded with interesting data on silicone rubber, fluids, emulsions, etc. Write to
Section U11100, Silicone Products Dept., General Electric Company, Waterford, N.Y.
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[ from the University of Southern Califor-
Inia in 1949. He has been a member of
the Florida State faculty since 1949.
During 1955 Frieden did research at the
Institute for Enzyme Research of the
University of Wisconsin, and in 1957 he
went to Denmark on a Public Health Fel-
lowship to work at the Carlsberg Labora-
tories in Copenhagen. This is his second
article for ScieEnTIFIC AMERICAN; the
first, “The Enzyme-Substrate Complex,”
appeared in August, 1959.

ROBERT H. BRILL (“Ancient
Glass”) is Administrator of Scientific
Research at the Corning Museum of
Glass. A graduate of Upsala College,
Brill received a Ph.D. in physical chemis-
try from Rutgers University in 1954. He
was assistant professor of chemistry at
Upsala from 1954 to 1960, when he
took up his present post. He wishes to
acknowledge the valuable contributions
to his work made by August Erickson,
John Wosinski, Andrew Rasmussen and
Alan Werner of the Research Labora-
tories of the Corning Glass Works.

PAUL F. KERR (“Quick Clay”) is
Newberry Professor of Mineralogy at
Columbia University. A native of Cali-
fornia, Kerr was graduated from Occi-
dental College in 1919 and received a
Ph.D. in mineralogy from Stanford Uni-
versity in 1923. He has been a member
of the Columbia faculty since 1924, serv-
ing as chairman of the department of
geology from 1942 to 1950. During the
early 1920’s he was one of the first to
apply X-ray diffraction techniques to
mineral identification. He has described
eight new minerals and has worked at
reorganizing the kaolin minerals for the
U.S. Geological Survey. During World
War II he served as a consultant to the
Manhattan District on problems of ura-
nium supply. He has since done research
on the origin of uranium for the Atomic
Energy Commission. At the first Atoms
for Peace Conference in Geneva in 1955
he surveyed the natural occurrence of
uranium for the United Nations. Primar-
ily a specialist in clay minerals, Kerr be-
came interested in quick clays in 1960
while serving as visiting pr()fessor at the
University of Oslo under the auspices
of the educational division of NATO.

GEORGE A. MILLER, who in this
issue reviews C. D. Broad’s Lectures on
Psychical Research, is professor of psy-
chology at Harvard University. He is at
present on sabbaticalleave from Harvard
and working at the Institute for Experi-
mental Psychology of the University of
Oxford.




Vortex Valve for operation at 2000°F.

Fluid Phenomena:

New Technique For Sensing, Computing, And Control

Advances in all-fluid signal generation
:and amplification (the use of a flow-
ing liquid or gas without moving parts)
have opened a new field of research
-and development and have made avail-
able a new family of techniques for
sensing, computing, and control. These
methods offer many potential advan-
‘tages in the extreme temperature, radi-
ation, and acceleration environments of
advanced aircraft, missile, and space
applications, and in less exotic appli-
«cations where rugged, inexpensive, and
reliable equipment is required.

The all-fluid program at Bendix in-
«cludes research in jet, boundary-layer,
and vortex phenomena, and the appli-
cation of these phenomena to both all-
fluid devices and complete subsystems.
Sensors, amplifiers, oscillators, logic
elements, control valves, and regula-
tors are among the components under
development. Control systems for gas
turbine engines, nuclear reactors, and
flight vehicles are typical of the sub-
systems being studied.

The vortex valve is one of the most
versatile of the all-fluid components.
Fundamentally a flow control device,
it varies flow rate through the action of

Research Laboratories Division
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Normalized flow curves for vortex valve.

a controlled vortex sheet on the main
fluid stream. It can be used as a power
amplifier and, with appropriate config-
urations, as an oscillator, or as a variety
of sensors.

Because of the potential of the vor-
tex valve, Bendix has undertaken fun-
damental studies of vortex phenomena
related to this valving principle. A nor-
malized analysis of the vortex valve has
been established which can be used to
predict the performance characteristics
of the valve over a wide range of oper-
ating parameters. By appropriate de-
sign, vortex valves have been made to
have extremely high gain. In fact, near
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mid-range they have been made to
have negative resistance characteristics
as shown in the curves. Negative resist-
ance oscillators have been operated
using vortex valves in conjunction with
appropriate tuned flow networks.

Bendix Research embraces a wide
range of technology including acous-
tics, nuclear, solid state physics, quan-
tum electronics, mass spectrometry,
photoelectronics, electron beam and
tube technology, measurement science,
applied mechanics, energy conversion
systems, dynamic controls, systems
analysis and computation, navigation
and guidance, microwaves, digital tech-
niques, data processing and control
systems. Motivation: to develop new
techniques and hardware for The
Bendix Corporation to produce new
and better products and complete,
integrated, advanced systems for aero-
space, defense, industrial, aviation, and
automotive applications. Inquiries are
invited. We also invite engineers and
scientists to discuss career position op-
portunities with us. An equal oppor-
tunityemployer. Write Director,
Bendix Research Laboratories Division,
Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

rf?em;/

CORPORATION
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“When you buy a micro-

. 9
wave tube from us, you’ve got a
right to expect it to perform in precise
conformance with the operating parameters set forth in our
data sheets. And 1t will. One reason, if I may blow the Varian horn
a moment, 1s the extensive system of quality controls we impose on

the manufacture, testing, and shipping of our microwave tubes. This covers a lot
of things, from the maintenance of ultra-clean assembly rooms to the compiling

of a complete history on every tube at Varian. This report covers every tube in
manufacture, in test, waiting shipping, in inventory, and so on. This kind of qual-
ity control costs us plenty, but we figure that you, as a customer, not only expect
it, but deserve 1t. It's my job to see that yvou get 1t."”" George Reyling, head of Quality
Control at Varian’s Palo Alto Tube Division.

TUBE DIVISION, Palo Alto, California BOMAC DIVISION, Beverly, Massachusetts VARIAN ASSOCIATES OF CANADA, LTD.,
Ceorgetown, Ontario . SEMICON ASSOCIATES, INC., Lexington, K(-umr'ky S.F-D LABORATORIES, INC., Union, New Jersey

SOLID STATE PRODUCTS, Beverly, Massachusetts European Sales Headquarters: VARIAN A.G., Zug, Switzerland

Write Tube Division, Palo Alto, for our descriptive brochure.
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MICROWAVE TUBE GROUP
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What will man’s problems be in the vast emptiness of outer
space? How will the materials and systems he will use stand
up? Will his communications with earth work properly?
O At the new Douglas Space Systems Center in Huntington
Beach, California, many of the required answers will be
found. Part of the Center is an environmental laboratory
where space “hardware’ up to 30 feet wide can be tested
at vacuum levels and temperatures which would be en-
countered 500 miles out. Other units can produce deeper
space conditions down to a vacuum of 10-4 torr and with any
required radiation and gravity situations. O Such research

FAR OUT FACT F'ND'NG facilities are basic for the

development of manned and

...AND WHAT DOUGLAS IS DOING ABOUT IT unmanned satellite systems,
launching and space vehicles, earth to moon communi-

cation devices, lunar housing and vehicles, life support

systems, and similar projects in which Douglas is involved.

¥

Other research programs covering some 23 broad techno- /
logical areas are under way in the major Douglas
divisions located at Santa Monica and Long

Beach, California; Tulsa, Oklahoma, 2@ GLAS

and Charlotte, North Carolina.
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WHAT’S

IN THE AIR
FOR
ASTRONAUTS

Hundreds of contaminants,
many toxic, can be present in
a capsule’s atmosphere. Even
ordinary materials like plas-
tics can produce dangerous
out-gassing under extreme
heat or shifts in barometric
pressure. The vital job of
continuous atmosphere moni-
toring on extended space
flights is an application for
gas chromatography, a versa-
tile technique that can meas-
ure multi-components in the
parts per million level
quickly. Perkin-Elmer has pi-
oneered the development and
made important advances in
chromatography for indus-
trial and research use. It now

is applying this capability,
plus its understanding of
space system packaging, to
capsule atmosphere monitor-
ing, planetary surface and
atmosphere analysis and other
sophisticated space science
efforts. Gas chromatography
is another example of
Perkin-Elmer’s dedication to
the development of instru-
mentation for precise meas-
urement in the interest of
industry, science and defense.
Perkin-Elmer Corporation,
Norwalk, Connecticut.

PERKIN-ELMER
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One of a series briefly deseribing GM’s research in depth

MELTING UNDER PRESSURE
(at 100,000 atmospheres)

Most substances expand as they melt. A few—such as ice
and bismuth—take up less volume as they become
liquids. Employing pressures up to 100,000 atmospheres,
scientists at the General Motors Research Laboratories
have added three tellurium compounds to a small list

of remarkable materials that seem to do both—expand
as they melt at low pressures, become more dense

in liquid form at high pressures.

The materials in this new group exhibit a maximum
melting point—a puzzling deviation from normal melting
curves. They challenge the theorist to interpret such
macroscopic behavior in terms of microscopic structural
changes. Perhaps one clue is the decrease in electrical
resistance when they melt. But how then does the
structure of the liquid differ from that of the solid?

And do new solid structures produced at high

pressures have unusual or useful properties that can

be preserved at one atmosphere?

These and other intriguing aspects of solid-liquid
interactions formed the starting points for discussion

at a recent international symposium on the structure,
properties, and theories of liquids. Sponsored by the
Research Laboratories, this seventh in a series of annual
world gatherings is another way General Motors is
furthering the understanding of important,

unresolved areas of science.

General Motors Research Laboratories

Warren, Michigan

Tetrahedrons are sample holders used in the Laboratories’
600-ton tetrahedral anvil apparatus. Force on four sides is
transmitted to cylindrical specimen inside.
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Behavioral Science and Criminal Law

Criminal law has traditionally been based on the concepts of moral

condemnation and deterrence by punishment. Does the knowledge

of the behavioral sciences dictate a modification of these concepts?

n recent years lawyers and behavioral
I scientists have been talking about
the prospective value and increasing
need of collaboration between their dis-
ciplines in the task of dealing with crime
and the criminal. The lawyer reasons
that criminal law is concerned with
human behavior and should therefore
take advantage of understanding gained
by scientific observation. The behavioral
scientist senses an obligation as a citizen
to understand and to serve in the opera-
tions of criminal law. These comple-
mentary impulses toward collaboration
are reinforced by the incalculable toll of
human suffering and human waste that
is labeled the crime problem and by
society’s apparent failure to cope with it.
The presence in the nation’s prisons of
about 220,000 felons—those convicted
of the most serious crimes—suggests
the magnitude of the problem. The fact
that 70 per cent of these inmates have
been in prison at least once before em-
phasizes the inadequacy of present
methods of handling the criminal.
Desirable as the collaboration of
criminal law and behavioral science
may appear to be, efforts in this direc-
tion have not fulfilled expectations. In
the first place, the goals of such collab-
oration have not always been clearly
articulated. It turns out in retrospect
that the would-be collaborators have
not successfully reckoned with important
differences between their disciplines—
in aims, premises and working hy-
potheses. An old principle of psychiatry

by Edward J. Sachar

states that differences that are covert are
likely to prove more disruptive in the
long run than those that are clearly
recognized and understood by both par-
ties. This article will explore some of
these fundamental differences in order
to delineate more clearly the areas of
potential collaboration between the
lawyer and the behavioral scientist.

Here another caution is in order: It
must not be supposed that criminal law
and behavioral science are homogeneous
entities with unitary points of view
The two disciplines each have their
more or less diverse schools of thought,
and professionals in each are careful
to distinguish between the teachings of
theory and the issues that are involved
in actual events in particular courtrooms
and laboratories.

With these qualifications in mind,
criminal law can be described as
having two major goals. The first is that
of the affirmation of the ethical absolutes
of society; the approach to this end has
been the moral condemnation and pun-
ishment of those who violate these
absolutes. The second is that of the re-
duction of the number of criminal acts
within society; the approach to this end
has been primarily the penalty system
of deterrence and correction.

Although these objectives overlap
somewhat, the first is primarily con-
cerned with traditional moral issues, the
second with more practical matters of
social utility. Almost every legal act in
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the framework of criminal law attempts
to serve both aims simultaneously. As
traditionally approached, however, these
aims are not always compatible, and one
must sometimes be served at the expense
of the other. This tension inherent in
criminal law has not always been rec-
ognized in legal “doctrine,” particular-
ly in earlier times. Currently the bal-
ance of emphasis given the two goals
varies considerably in different legal cir-
cles. The leading contemporary theorists
of criminal law, for example, are far
more interested in the utilitarian goal
than in the moral issue. In many court-
rooms, on the other hand, the moral is-
sue is held to be paramount.

The traditional moral aspect of the law
has often been labeled the attitude of
retributive justice. In recent times that
attitude has acquired many ugly con-
notations (for instance, it has been
associated with primitive tribal ven-
geance) that have tended to impede
thoughtful analysis of its real aims,
premises and methods. This is unfor-
tunate, not only because the moral con-
sideration has shaped to a considerable
extent the terms of the law’s approach
to the criminal but also because the role
of criminal law in upholding the moral
code is a vital one for every society
and cannot be dismissed as irrationalism.

The spirit of the unreconstructed mor-
al aspect of criminal law is caught well
in this passage from Thomas Carlyle:
“Caitiff, we hate thee.... Not with a
diabolic but with a divine hatred....
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As a palpable deserter from the ranks
where all men, at their eternal peril, are
bound to be.... We...solemnly expel
thee from our community; and will, in
the name of God, not with joy and ex-
ultation, but with sorrow stern as thy
own, hang thee on Wednesday next....”

Criminal law appears thus as an in-
strument for reinforcing and celebrating
the moral principles of society. In its
approach to its moral objective it casts
out, condemns and punishes the offender.

The philosophy underlying this ap-
proach considers each man to be oper-
ating as if he had complete freedom of
will. Since he can choose the path of
moral right or moral wrong, his commis-
sion of a criminal act constitutes a free
choice of evil, the expression of a crim-
inal state of mind or intent: mens rea.
The reprehensibility of the act and of
the person committing it are indivisible;
such a person is therefore held criminal-
ly responsible, that is, deserving of

VERDICT IN MURDER TRIAL that took place in 1850 B.c. in
the Sumerian city of Nippur is symbolic of eye-for-an-eye pun-
ishment. Three men were found guilty and executed. The viec-

40

moral condemnation and punishment as
a malefactor by the community, in pro-
poriion to the heinousness of the crime.
When this has been accomplished, jus-
tice has been done.

Over the years exceptions and qualifi-
cations have been added around this cen-
tral core of the doctrine of full crimi-
nal responsibility. The accused may have
acted in self-defense or under duress, or
he may be a juvenile. The most signif-
icant exception for the purpose of this
discussion is that made by the M’Naghten
Rule of 1843. A person who is judged
to be suffering from a mental illness
so severe as to render him incapable of
knowing the nature and quality of his
act, or of knowing that the act was
wrong, is considered to be unable to en-
tertain mens rea and is therefore deemed
“insane” and “not responsible.”

Even in this exception allowed under
the M’Naghten Rule, however, it should
be noted that the “insane” person’s
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crime is assumed to be an act of free
choice. He is exempted from responsi-
bility because he lacks moral judgment,
not because his choice is determined by
pathology. Correspondingly, the law in
its moral aspect rules out consideration
of the possible role of social forces in
the making of a criminal because such
would be inconsistent with the postulate
of free will.

1‘he behavioral sciences proceed from

premises diametrically opposed to
the moral premises of the law as they are
stated here. The goals of the behavioral
sciences are the understanding and the
manipulation of behavior. For these ends
the concept of free will, whatever its
value in constructing systems of morality
(or, for that matter, its value in every-
day personal decisions), is of no use. On
the contrary, it is necessary to postulate
that the behavior and the thought of men
are determined in accordance with dis-

tim’s wife, who maintained she did not know of the murder until
after it was committed but still did not report it, was acquitted of
a charge of complicity because her husband had not support=d her.



coverable laws. Only with this working
premise can the determinants—social,
psychological, physiological and cultural
—be identified and their workings ana-
lyzed.

It may be that in many areas men
have a largely free and “undetermined”
choice, but the scientific exploration of
behavior cannot begin unless that notion
is excluded, just as in physics the notion
of the “miraculous” is excluded. Knowl-
edge of certain aspects of behavior may
be “indeterminable,” that is, unascertain-
able. The laws of behavior become then,
like all scientific law, statements of prob-
ability. The ideal of order and lawful-
ness remains, however, the guiding faith
of behavioral science.

Devised for quite different purposes
and resting on different premises, the
legal and the scientific views of behavior
are able to exist in conceptual indepen-
dence of each other. They do not come
into conflict until they are brought into

Front of the cuneiform clay tablet is at
left, back at right. It is in the University
Museum of the University of Pennsylvania.

the ostensiblv desirable collaboration
that is urged by professionals on both
sides.

The clash of outlooks that now follows
can perhaps be best viewed from the
vantage of the psychiatrist, because he
is the behavioral scientist most frequent-
ly summoned to the courtroom and the
prison. The usual occasion for such a
summons is the need for a determination,
under the M’Naghten Rule, of whether
or not the accused should be deemed
“insane” and so exempted from respon-
sibility and condemnation for the crime
alleged. Since the psychiatrist, from
a scientific point of view, must regard
all behavior—criminal and law-abiding,
healthy and sick—as determined, he
finds the issue of moral condemnation
of the individual to be inappropriate.
Some criminal behavior appears to him
to be symptomatic of mental illness,
but in many other instances the model
of mental illness does not seem to fit,
or at least it does not appear to be
useful in dealing with the behavior.
In any case, to this way of thinking
the offender’s illness has nothing to do
with the question of whether or not
he is “free” or “responsible” in the tra-
ditional sense. Just as the functions of
the sick body and the healthy body pro-
ceed in accordance with the laws of
physiology, so sick and healthy minds
function in accordance with the laws
of psychology. The difference between
sickness and health is measured not in
degrees of freedom but in degrees of
success or failure in meeting objectively
defined standards of function or behavior.

In place of the moral-legal doctrine of
responsibility the psychiatrist, as a sci-
entist, asserts his own concept of respon-
sibility. It is very different from the
moral-legal one: to hold someone crim-
inally responsible is to say that he must
change. Thus in psychotherapy helping
a patient “to recognize his responsibility”
means helping him to see how he must
change if he is to achieve his goal in
therapy. Applied to criminal behavior,
the finding that someone is criminally
responsible means to the psychiatrist that
the criminal must change his behavior
before he can resume his position in
society. This injunction is dictated not
by morality but, so to speak, by reality.
A burglar’s present antisocial character
and behavior may have been shaped by
his slum environment, his domineering
mother and alcoholic father, but he is
still criminally responsible; his behavior
must become law-abiding if he is to be
tolerated in a society that is against bur-
glary. Initially this behavior change will
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be accomplished by external controls, but
the expectation is that the control will
eventually be internalized. The psychia-
trist attempts to understand the form-
ative factors in a patient’s life, not to
excuse him but to help him to change.
"I he psychiatric and moral-legal views
4= of criminal responsibility are similar
in that both involve an imperative, a
calling to account and an intervention
in an ongoing pattern of living. They
differ in that the strict moral-legal view
is directed to the blame and punishment
of the offender; the psychiatric view, to
change in his behavior. From the psy-
chiatrist’s point of view no offender
would be “responsible” in the legal
sense but all would be responsible in the
psychiatric sense, including psychotics,
mental defectives and children, who are
usually exempted from the legal doctrine.

In his approach to the criminal the
psychiatrist discards the strict moral-
legal concept of criminal responsibility;
he does not, however, discard morality.
Nor does he need to differ with the law-
yer as to what constitutes a crime. The
psychiatrist condemns the offense but
not the offender. This constitutes another
important departure from the moral-
legal definition of responsibility, a de-
parture the psychiatrist finds essential for
his goal of effecting behavior change.
There is a world of difference therapeu-
tically between saying “You have done
a terrible thing” and “You are a terrible
person.” Melitta Schmideberg of the
Association for the Psychiatric Treat-
ment of Offenders put the matter suc-
cinctly when she said that if you con-
demn the offender, you give up all hope
of treating him, but if you condone his
offense, you give up all hope of chang-
ing him.

The psychiatrist’s way of thinking
about criminal responsibility has a social
as well as an individual aspect. He would
argue, for example, that the slum is to
the offender what the polluted well is
to the typhoid case. In the fixing of
criminal responsibility in the psychiatric
sense—that is, in the determination
of who and what must change—the
slum as well as the individual offender
must be incriminated. Here is still an-
other important difference between the
psychiatric and the moral-legal view
of criminal responsibility. Whereas the
moral-legal approach fixes responsibility
exclusively on the offender, the psy-
chiatrist may arraign society as well.

For whose sake does the psychiatrist
attempt to change the criminal? For the
criminal’s sake or for society’s? For the
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SING SING PRISON, a New York State institution at Ossining,
is an architectural expression of the concept of punishment as

sake of both, he would argue, just as
the physician, confronted with a case
of smallpox, thinks immediately of sav-
ing the patient as well as protecting the
health of the community. The psychia-
trist acts in regard to the criminal as an
agent of behavioral science and of the
humanitarian movement of the 19th and
20th centuries that has placed high value
on the inviolability of the individual. In
the realm of criminal law that movement
is reflected in a growing concern to pro-
tect not only the rights of the potentially
innocent but also the rights of the un-
questionably guilty.

The psychiatrist’s interest in the wel-
tare of his patient as well as of society
is the reason for his exercise of ethical
restraint as to the methods he uses to
effect change. Furthermore, the patient’s
awareness that the psychiatrist is con-
cerned about him as an individual may
be one of the most important tools the
psychiatrist has for overcoming his re-
sistance to change. Similarly, the psy-
chiatrist’s firm awareness of the stric-
tures of society as part of the reality
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principle is a significant portion of what
he has to impart to the patient.

(“onsidering that for moral purposes
A criminal law regards most criminal
behavior as a product of free will, re-
quiring moral condemnation and punish-
ment for the criminal primarily in the
interests of society, it would appear
that the grounds for psychiatric and
legal collaboration in the fixing of crimi-
nal responsibility are sharply limited.
Unless there is a revision of the basic
doctrine of responsibility on one side or
the other, the area of collaboration can-
not be broader than it is now. The
behavioral scientist presents his obser-
vations; the legal apparatus thereupon
applies its own criteria to these data
to make the determination of criminal
responsibility. A more far-reaching col-
laboration would require a decision by
judges and legislators that the impera-
tive “You must change” can be as effec-
tive in upholding and solemnizing the
moral code, and would be as consonant
with the moral temper of the age, as the
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the basis for criminal law. This photograph shows a gate,
guard tower and part of the high wall, typical of older prisons.

imperative “You must be morally con-
demned and punished.”

In its second major aim criminal law
strives toward the practical end of re-
ducing the number of criminal acts with-
in society. In its approach to this aim
criminal law has sanctioned almost ex-
clusively the penalty system of deter-
rence and correction. Here the goal of
criminal law coincides with one of the
major aims of behavioral science: the
manipulation of behavior. This coinci-
dence of goals must necessarily bring the
differences between the two disciplines
into sharper relief and conflict. On the
other hand, in exposing the procedures
of the law to criticism from behavioral
science, it mayv also open the way to
broader collaboration between the dis-
ciplines.

In the approach sanctioned by the
law, a graded program of penalties is de-
signed to accomplish three ends: the de-
terrence of those who might commit
crimes if it were not for the fear of pun-
ishment; the correction of those who
have committed crimes by creating pain-



HOSPITAL FOR NARCOTICS ADDICTS at Lexington, Ky.,

treats rather than punishes law violators. The hospital is oper-

tul associations discouraging repetition
of the offenses, and the isolation of
the offender in order to reduce his dan-
ger to the community. Criticism from
behavioral science has centered on the
question of whether or not a penalty
system alone is sufficient to serve the
goals of deterrence and correction. In
this utilitarian context the question is not
whether the punishment is deserved but
whether the penalty is effective.

Some years ago the universal validity
of the penalty-reward system for be-
havior control was held to be proved by
its effectiveness in the training of ani-
mals. Since the work of the Russian phys-
iologist I. P. Pavlov and more recently
the work of Howard S. Liddell of Cornell
University, it is possible to point to ani-
mals that repetitiously follow certain
behavior patterns in spite of invariably
associated painful stimuli. These ex-
amples of “experimental neuroses” [see
“Conditioning and Emotions,” by How-
ard S. Liddell; SCIENTIFIC AMERICAN,
January, 1954] cannot be ignored by
those thinking about the problem of the

habitual criminal. On this and other evi-
dence the behavioral scientist would
question exclusive commitment to the
simple penalty-reward technique.

He would argue that such a technique
is likely to prove most effective for peo-
ple who are, ironically, perhaps the
least likely to commit major crimes, and
likely to prove least effective in the case
of social deviants with a background of
abnormal disciplinary experience who
are perhaps the most likely to commit
major crimes.

Crime statistics suggest that the pen-
A alty system works well as a tech-
nique of deterrence and correction in
certain areas, such as the enforcement of
traffic laws and in certain types of “white
collar” crimes. For certain other serious
criminal problems, however, such as
crimes of violence and drug addiction,
the technique seems to have relatively
little effectiveness. No one knows with
certainty, of course, how many people
are deterred from crime by fear of pun-
ishment, but the high rate of recidivism
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ated by the U.S. Public Health Service. Some patients are convicts
but most have entered the hospital and remain there voluntarily.

indicates that such fear does not work
in the case of those who seem to need
deterrence most. In a study to be pub-
lished next year Daniel Glaser of the
University of Illinois estimates that 50
per cent of all felons discharged from
prison have later trouble with the law
and that 35 per cent are back in prison
within three years. Among youthful of-
fenders, who represent the major crime
problem, the rate of recidivism is con-
siderably higher. The relative ineffec-
tiveness of the penalty system may be
attributed to its failure to reach the psy-
chological and social forces that are re-
sponsible for the behavior of many crim-
inals. The flogging of psychotics in the
17th century proved to be of only limited
effectiveness for the same reason.

The psychiatrist would further point
out that the imposition of a penalty is
a complex interpersonal transaction, and
that the interpersonal “context” in which
the penalty is delivered is at least as
critical a factor in determining the out-
come as the penalty itself. For instance,
a penalty administered by a parent who

43



140

120 —

(PER 100,000 OF POPULATION)
3

PRISONERS IN FEDERAL AND STATE INSTITUTIONS
&

20

1939 1941 194

RATE OF IMPRISONMENT of felons in Federal and state in-
stitutions is not as high as before World War II, but it has been
climbing slowly since the war. The rate of imprisonment is affected

enjoys inflicting pain, and who watches
avidly to catch his child in an offense,
is likely to produce very different be-
havioral effects from those produced by
the same penalty imposed by a parent
whom the child perceives to be firm but
kind. Data from the studies of penolo-
gists tend to bear out the forebodings of
the psychiatrist. Evidence is accumulat-
ing that the interpersonal milieu in many
prisons is one that tends to brutalize the
offender, to foster a sense of criminal
identity and to reinforce criminal trends
rather than discourage them.

For a basically crime-centered system,
in which the penalty fits the crime, the
psychiatrist would substitute an offend-
er-centered system, in which the treat-
ment would be designed to effect change
in antisocial behavior. Most psychiatrists
who have become concerned with penol-
ogy agree that such treatment would call
for a setting in which discipline is firmly
established but in which something more
would be provided. That would include
greater attention to the interpersonal
milieu of the disciplinary institution.
Taking advantage of the insights gained
from “milieu therapy” in mental hospi-
tals, the prison staff in its interactions
with the patient-prisoners would com-
municate qualities of iron firmness com-
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bined with sincere concern for the wel-
fare of their charges, a clear conviction
thatbehavior change is both possible and
essential coupled with a genuine respect
for their charges as human beings. There
would also be provision for a rehabilita-
tive program, in most cases the teaching
of a useful trade and other skills essential
to a successful adaptation to society (for
example reading and writing).

Central to the therapeutic program
would be the effort to provide the of-
fender with more mature mechanisms for
dealing with the psychological tensions
and compulsions that presumably played
a role in the production of his criminal
behavior. Of course, psychotherapy does
not mean an analyst and a couch per
prisoner. There are less intensive meth-
ods that may suffice for the limited goal
of helping to alter behavior. Consider-
able success is claimed in this regard for
group psychotherapy; what is more,
nonpsychiatrists can be trained to lead
such groups. Finally, the same attitude
and concern would follow the released
prisoner in his relations with his parole
officer and others during his readjust-
ment in society, a period that is critical
to the chances for recovery or recidivism.
The same principles would apply to the
management of those offenders who do
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by such factors as changes in the law and in parole policies, as well
as by the number of crimes. Data for this chart and that on the
opposite page were collected by the Federal Bureau of Prisons.

best in an outpatient-probation setting.

This kind of reform has been carried
out in a few progressive prisons. In the
vast majority, however, therapeutic pro-
grams are only rudimentary, and efforts
in this direction tend to encounter mis-
understanding and resistance in the com-
munity. It is true that knowledge and
skills in this underdeveloped area of psy-
chiatry are still uncertain. Nevertheless,
they can be expected to improve with
experience, because a scientific approach
to the change of behavior necessarily
involves constant experimentation and
testing of techniques. This is a funda-
mentally different approach from that
of the system sanctioned by criminal law
and committed with relative inflexibility
to penalty as its technique.

he critical question at this juncture

is not whether present psychiatrically
based methods and understandings are
good enough to be 100 per cent success-
ful in the treatment of all offenders. It is
whether or not the psychiatric approach
can now be more effective than the tradi-
tional one. To.put this question to the
test of experiment would be difficult
but not impossible. Offenders matched
for age and criminal records might be
sent to alternative corrective facilities,



one following the traditional approach,
the other utilizing psychiatric princi-
ples. The institutions would have to
be located in the same or matched com-
munities, since community attitudes to-
ward the ex-convict appear to have an
important influence on his tendency to
regress. Careful follow-up of both sam-
ples for 10 years after release would
furnish information as to which approach
is most effective in correcting criminal
behavior.

It would be somewhat more difficult
to compare the effectiveness of the two
systems in deterring crime. In the view
of the psychiatrist the cause of crime
prevention is not well served by penaliz-
ing the offenders; slum clearance and
the development of school counseling
systems would be of more value in the
long run than changes in the practice of
penology. For these reasons the psychia-
trist would not predict that his approach
to the treatment of offenders would show
greater deterrence value.

Critics of the psychiatric approach
make even bleaker predictions. They say
that a prison run along therapeutic lines
would be known as a resort and that
there would be no fear of punishment to
restrain those with criminal tendencies.

To settle such doubts, the crime rates
might be compared in communities
matched as to population, slums, schools,
nationalities and so on and differing in
the handling of their criminals. Or crime
rates might be compared in a single com-
munity before and after a shift to the
therapeutic method of handling offend-
ers. Keeping other significant variables
constant in such social experiments
would, of course, be next to impossible,
and crime statistics are notoriously hard
to gather. Yet even these uncertain ex-
periments might suffice to rule out with
confidence the hypothesis that a shift to
a therapeutic approach would invite a
dramatic rise in the crime rate.

hat compromises can be suggested,

then, that would allow the collab-
oration of two disciplines that are so
divergent in theory and in practice? One
proposal would confine the law to the
moraldrama of the courtroom and would
give behavioral science a free hand in
the prison. The demand for punitive
treatment of the offender would be
dropped; moral condemnation by the
court would be deemed sufficient to cele-
brate and reinforce the moral values of
the community. After this rite the of-
fender would be sent to prison not for
punishment but for treatment, guided
by behavioral science.

Critics of this compromise contend
that moral condemnation, with the asso-
ciated experience of being cast out by
the community, cannot help but have
psychological repercussions inimical to
any subsequent effort to change the be-
havior of the offender. Reliable data
bearing on this point are not available,
and once again the techniques of be-
havioral science would have to be in-
voked to put the hypothesis to the test.
Even if it were shown that moral con-
demnation in the courtroom had detri-
mental effects on subsequent corrective
efforts, however, it could still be argued
that the moral aim justified this “ex-
pense”—within limits.

An alternative compromise would re-
quire a change in the law’s approach
to its first goal: the upholding of the
moral code. According to this scheme the
law would substitute the imperative
“You must change” for the imperative
“You must be morally condemned and
punished.” In other words, the “psy-
chiatric” definition of criminal respon-
sibility would replace the present legal
one. In this event there would be com-
plete consonance between the moral and
the practical aims of the law. This is in
effect the trend in the legal system of
certain Scandinavian countries.

Critics of this compromise argue that
the traditional moral values of a society
cannot be sustained under it and main-
tain that moral disintegration is a char-
acteristic of those countries that have
employed it. Conceivably this hypothesis
could also be tested, but only if measur-
able criteria of a society’s moral fiber
could be devised.

The issue of testability has been
labored here because this in itself is
a realm where behavioral science can
provide an important service to the law.
Once the questions have been posed and
the goals have been set on the basis of
value judgments, the assistance of be-
havioral science can be useful in deter-
mining the most efficient ways of answer-
ing those questions and reaching those
goals.

he theoretical nature of this discus-

sion should not obscure the terribly
concrete nature of the problem of crime,
which is the subject of all collaborative
efforts between behavioral science and
criminal law. In the final analysis the
success of these efforts will depend not
on the theoretical points of contact and
difference between science and the law
but on the willingness of the individual
behavioral scientists and lawyers to dedi-
cate themselves to this work.
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RECIDIVISM was high among
committed to Federal institutions during
fiscal 1962, a typical year. More than 70
per cent had been in prison before. This
does not mean, of course, that 70 per cent

felons

of all those who have been in prison re-
turn to prison. That figure is in the range
of 35 to 40 or 45 per cent, according to sev-
eral follow-up surveys of released prisoners.
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PLASMAS IN SOLIDS

Gaseous plasmas pervade the universe, but it 1s not easy to control

ther properties i the laboratory. The plasmas that exist 1n solids

are friendlier and serve very well to test theoretical p]'edictions

he experimenter is always looking
I for new ways to study complex
phenomena. For example, he
would like to find physical systems that
exhibit in simpler form the complex
phenomena to be found in a gaseous
plasma. Such a system would be espe-
cially interesting if it exhibited some of
the features of the plasma of outer space
and acted as a simple model for the test
of astrophysical theories. Therefore the
demonstration that properties of plasma
can be duplicated in metals and other
solids not only has been a source of satis-
taction to the experimenter but also has
permitted a careful test of theories pre-
dicting plasma behavior.

A plasma is a collection of positively
and negatively charged particles mov-
ing about so energetically that they do
not readily combine. Plasmas are every-
where in the universe. They form the
intensely hot gas under high pressure in
the sun and the stars, as well as the
rarefied gas in interstellar space and in
the ionospheric envelope surrounding
the earth. Plasmas also exist closer to
hand. They are present in the flames of
burning fuel and in gas-discharge de-
vices such as neon signs. Plasmas exhibit
such an enormous variety of physical
effects that physicists have studied their
properties for more than 130 years. Past
research on plasmas, particularly on gas
discharges, led to the discovery of the
electron and to the elucidation of atomic
structure.

The current interest in plasmas reflects
two principal motives. The first is tech-
nological. An understanding of plasma
behavior is crucial to the controlled
release of thermonuclear energy, the at-
tempt to reproduce in a man-made plas-
ma the kind of nuclear reaction found in
the sun. Another technical goal is the
design of magnetohydrodynamic gen-
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erators, in which electric power is gen-
erated by jets of gas plasma traversing
magnetic fields. The second broad mo-
tive for the study of plasmas is the im-
portance of plasma phenomena in space
and in astrophysics. When a plasma is
subjected to electric and magnetic fields,
the motion of the particles is no longer
completely random. One important con-
sequence of this imposed order is that a
plasma containing a magnetic field can
transmit certain kinds of waves that are
related to electromagnetic waves but
that have unique and curious proper-
ties. It has been recognized in the past
30 vears or so that such magnetoplasma
waves play a significant role in the large-
scale energy-transport processes of the
universe. Plasma waves are believed to
be involved in sunspots and solar flares
and may provide the mechanism for ac-
celerating cosmic rays in space. In short,
plasma waves can be expected wherever
an ionized gas contains a magnetic field,
and this is just about everywhere in the
universe.

In view of this background, it is not
surprising that most people associate the
word “plasma” solely with phenomena
taking place in gases. This article will
describe some experiments involving
plasma waves in solids and will show
how they resemble similar waves in a
gas plasma. In these experiments the
plasma consists of the carriers of elec-
tricity to be found in any metal or other
solid conductor. The carriers can have
either negative or positive charge, and
in certain semiconductors the two car-
riers can exist simultaneously, just as
they do in a gas plasma.

One might reasonably ask: What is the
point of such experiments? No one can
hope to create a thermonuclear reaction
in the plasma of a solid, nor can one re-
motely approach the scale of phenomena

© 1963 SCIENTIFIC AMERICAN, INC

that is the crucial element in astro-
physical problems. This is quite true. Yet
plasma experiments in solids offer a
unique opportunity to observe plasma
behavior under well-defined and accu-
rately known conditions. In a solid, one
can usually determine quite precisely
the number of charge carriers, their
masses, their random heat energy and
the boundaries of the plasma. Such a de-
gree of knowledge and control is rarely
attainable in gas-plasma experiments,
which often take place in transient
discharges where conditions are subject
to rapid change. Consequently certain
aspects of plasma theory can be tested
better in a solid than in a gas.

One can regard many phenomena in
solids as manifestations of plasma ef-
fects. I shall limit my discussion, how-
ever, to two groups of experiments in
which the plasma effects observed in
solids had previously been associated
only with gas plasmas. Both experi-
ments involve waves generated in the
presence of a magnetic field.

To follow the experiments one must
understand the factors that influence
the propagation of a wave in a plasma
that contains a large magnetic field.
Let us consider first the propagation
of an ordinary electromagnetic wave,
such as a light wave. When there is no
plasma present, an electromagnetic wave
travels with the velocity of light, and
the application of a large magnetic
field has no influence on the wave or
its velocity. If, however, a plasma is
placed in the magnetic field, the posi-
tive and negative charges of the plasma
will interact with the electric field of
the wave, and the propagation of the
wave will be profoundly modified. In
fact, the existence of the plasma sets
tight restrictions on the type of wave
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THREE KINDS OF PLASMA are represented schematically: a
gaseous plasma (top), the plasma in a simple metal (middle) and
the plasma in a semiconductor or semimetal (bottom). Plasmas
contain negative and positive carriers under conditions in which

they do not combine. In the diagrams a colored dot is an electron,
or negative charge, a circle containing a plus sign is a positive

| | | 1 I
charge and neutral atoms are shown gray. In a gas there are two
kinds of charge carrier: electrons and positive ions (atoms lacking
electrons). In a simple metal the only mobile carriers are elec-
trons; positive ions are locked in the crystal lattice. A semicon-
ductor has two kinds of mobile carrier: electrons and positive
“holes,” or missing electrons. All three plasmas can transmit waves.
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FORCES ACTING ON ELECTRON in a plasma are four: electrical, frictional, magnetic
and inertial. The electric force (a) is the product of the electric field and the electron’s
charge. The friction force (b), produced by collision with other particles, is proportional
to velocity. The magnetic, or Lorentz, force (c¢) is perpendicular to the magnetic field and
the velocity and is proportional to both. The inertial force (d), which acts in a direction
opposite to the net acceleration, is proportional to acceleration and the electron’s mass.
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ELECTRIC FIELD

VELOCITY

\

MAGNETIC FIELD

PATH OF ELECTRON in a magnetic field is governed by the Lorentz force (colored ar-
rows), which acts in a direction perpendicular to the magnetic field and the velocity. In the
absence of an electric field this obliges the electron to circle around the magnetic lines.
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that can be propagated through it. These
restrictions are basically determined
by the motions of the charged carriers
in the plasma; in a sense the wave must
be “in tune” with these motions.

The motion of an electron (negative
carrier) in a plasma can be influenced
by four forces [see illustration at left].
First, it will be accelerated by an
electric field. This field can be imposed
from the outside or it can be the electric
component of an electromagnetic wave
propagated through the plasma. Second,
the electron will be retarded by friction-
al forces such as might arise from colli-
sion with other particles. Third, the elec-
tron will be deflected by a magnetic
field. This magnetic force, called the
Lorentz force, acts at right angles to
both the electron’s velocity and the di-
rection of the magnetic field. Regardless
of the forces that act to accelerate an
electron, the acceleration is resisted by a
fourth force, which is the inertial force.
The inertial force is proportional to the
electron’s mass and acceleration and
acts in a direction opposite to that of the
electron’s net acceleration.

Of the four forces mentioned, the fric-
tional force produces the same effect on
all waves: it damps the motion of the
plasma components and damps the wave
being propagated. For the wave to be
well defined the friction in the system
must be small. One of the attractions of
solids for plasma studies is that in some
materials friction can be made negli-
gible. Carriers of high mobility, largely
undamped by friction, can be obtained
in certain semiconductors and in some
very pure metals by cooling them to low
temperatures, which reduces the ther-
mal vibration of the atoms in the crystal
lattice of the material.

" o make things simple let us consider

* a plasma in which friction is negli-
gible and in which there are equal num-
bers of positive and negative charges.
We will assume that the negative charges
are electrons and that the positive
charges are heavy positive ions, that is,
atoms that lack one or more electrons. In
such a plasma the mobility of the elec-
trons is so much larger than the mobility
of the heavy positive ions that we can
regard the positive charges as stationary.
Now one can ask: What kind of wave
can propagate through this system when
it is placed in a magnetic field?

One can imagine that the electric field
associated with the wave will push on
the electrons in the plasma. Assuming
that friction can be neglected, the
electric force on the electron will be



balanced by the sum of the Lorentz
force and the inertial force. If one cal-
culates the relative sizes of these forces
for waves of moderate frequencies, one
finds that for electrons the Lorentz force
is far larger than the inertial force; hence
the magnetic field dominates the elec-
tron’s motion. Because the Lorentz force
is always perpendicular to the magnetic
field and to the direction of the elec-
tron’s motion, the electron is obliged
to rotate around the lines of force in
the magnetic field.

It turns out that the only kind of
wave that can impart to the electron a
permissible type of motion, and there-
fore propagate, is a wave whose electric
field and associated current direction
rotate about the magnetic field at a
certain frequency. This frequency is
inversely proportional to the square of
the wavelength and depends also on
those factors that enter into the calcu-
lation of the Lorentz force, namely the
magnetic-field strength and the number
of electrons per unit volume. Not sur-
prisingly, the wave will propagate only

ALTERNATING
CURRENT

PLASMA WAVES IN METAL were demonstrated by the author
and his associates at Cornell University with this experimental
arrangement. The sodium slab is cooled to the temperature of
liquid helium to reduce friction in the electron “gas” that forms the
plasma, and the plasma is subjected to a strong, steady magnetic

if its sense of rotation coincides with the
sense of rotation that electrons wish to
follow in a magnetic field.

The fact that the frequency of this
wave is inversely proportional to the
square of its wavelength gives the wave
an unusual property: its velocity in-
creases as its frequency increases. This is
because the velocity of any wave equals
the frequency times the wavelength. In
the case of light waves and sound waves
any increase in frequency is accom-
panied by a proportional decrease in
wavelength, so that the velocity remains
constant. In the case of this particular
plasma wave, as the frequency rises, the
wavelength decreases only as the square
root of the change in frequency. For ex-
ample, if the frequency rises by a factor
of 100, the wavelength drops by a factor
of only 10, with the result that the veloc-
ity rises by a factor of 10.

A wave with just these properties,
4 X known as a whistler wave, is fre-
quently propagated in the rarefied plas-
ma of the earth’s ionosphere [see
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“Whistlers,” by L. R. O. Storey; SciEx-
TIFIC AMERICAN, [anuary, 1956]. Whis-
tlers are created by lightning flashes.
The waves travel along the horseshoe-
shaped lines of force in the earth’s mag-
netic field, which have termini called
conjugate points in the extreme Northern
and Southern hemispheres. Whistlers
can be detected by an antenna coupled
to an audio-frequency amplifier. The
whistle can result from a lightning flash
at the conjugate point on the far side of
the earth or it can be produced by a flash
near the receiver that has sent a wave to
the far conjugate point, where it is re-
flected and returns by the same path.
Why the whistle? The explanation is
that the lightning flash initially ex-
cites waves with a wide band of fre-
quencies. As described above, however,
the high frequencies travel through the
plasma faster than the low frequen-
cies, with the result that the wave is
dispersed. The arrival of successively
lower frequencies at the receiver pro-
duces a whistle that descends in pitch.
Because of uncertainty about the density

VOLTAGE IN PICKUP COIL

field. When an alternating current is passed through the drive
coil, a plasma wave of the type known as a whistler is excited
in the sodium slab. The whistler does not travel but appears as
a standing wave in a “box” defined by the size of the slab. Frequen-
cies of four standing waves are shown at the top of the next page.
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STANDING WHISTLER WAVE is produced in a slab of sodium
(see illustration on preceding page) when the dimension of the
slab in the direction of the magnetic field is an integral number
times half the whistler wavelength. The voltage peaks, indicating

of free carriers in the ionosphere it
is difficult to compare quantitatively the
properties of whistler waves with those
predicted by theory.

Our group at Cornell University has
excited the same whistler wave in
the electron “gas” of a metal and has car-
ried out precise comparisons between
theory and experiment. Certain metals
are ideal subjects for this kind of study.
The electrons are extremely mobile,
whereas the positive ions are immobi-
lized in the crystal lattice of the metal.
This is just the simple condition de-
scribed earlier. In order to have little
friction in the electron gas, we wanted
a metal with the highest possible con-
ductivity. For this purpose we selected
sodium, and we lowered its temperature
to that of liquid helium. Thus chilled,
its conductivity is 7,000 times greater
than it is at room temperature. Under
such conditions the effect of the Lorentz
force compared with friction forces is
very large indeed.

We did not produce a traveling whis-
tler wave in our small sample of sodium;
instead we produced a standing whistler
wave in a “box.” This is much like the
standing wave that is produced when a
violin string is plucked. The slab of
sodium is placed in a strong, steady
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magnetic field [see illustration on pre-
ceding page]. Two small coils, mutually
perpendicular and also perpendicular to
the large magnetic field, are wound out-
side the sodium specimen. One of these
coils, called the drive coil, carries an
alternating current that is used to excite
the whistler wave in the sodium. The
second coil, called the detector coil, is
used to detect whether or not a wave has
actually been generated. In the experi-
ment the voltage in the detector coil is
recorded while the frequency of the
drive current is varied.

The detector shows a voltage peak
only at certain particular frequencies
when the system resonates [see illustra-
tion above]. Resonance occurs when
the length of the sample in the direction
of the magnetic field is an integral num-
ber times half the whistler wavelength.
This is merely another way of saying that
only a half-wavelength, or multiples of
a half-wavelength, will fit exactly in the
sodium box. This relation describes the
fundamental mode of oscillation and the
higher harmonics of most vibrating sys-
tems. (The reader may note that the
resonance peaks shown in the illustra-
tion above do not include modes of
vibration for the even integers. The ex-
planation is that our pickup coil envelops
the whole specimen, and even modes
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the existence of a standing wave, are shown for the odd integers
1, 3, 5 and 7. Voltage output for even-integer waves is canceled by
the experimental circuitry. The broken colored line shows the out-
put voltage when the magnetic field in the sodium slab is zero.

have electric fields that add up to zero
when they are summed over the full area
of the pickup coil.)

The frequency at which the peaks
occur can be calculated from the the-
ory that describes the propagation of a
whistler wave in a plasma. The fre-
quency depends on the dimensions of
the plasma, the strength of the magnetic
