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® IB M engineers set out several years ago io find

a faster, simpler way of using electricity to put words on paper.

They began their search by forgetting the past fifty years of
typewriter design.

The machine they developed is a new kind of typewriter, the
IBM SELECTRIC. It has no type bars, no moving carriage. A metallic
sphere no larger than a golf ball skims across the page, printing
characters faster than the eye can see. To change type styles, you

Found: a new way to put the alphabet ma’pap
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merely slip one typing element off, click another into its place.
The IBM engineers even found a way to make the typewriter jam-
proof through a unique stroke storage system. that remembers
one character while another is being printed.

Development of the SELECTRIC began with questions instead of
preconceptions. Whether designing better typewriters or ad-
vanced computer systems, IBM applies this same approach to help
businessmen and scientists solve information-handling problems.
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EXPLODING WIRE PHENOMENA SHOWN BY STL IMAGE CONVERTER CAMERA

The complete history of the diverging and converging
cylindrical shock waves is shown in this composite
streak photograph of an exploding silver wire. This
experiment was photographically recorded by the STL
Image Converter Camera utilizing the Wide Range
Streak Unit. Light amplification is required to properly
record the shock fronts of the initial phase because of
the low level of luminosity. Since the restrike phase is
three orders of magnitude brighter than the initial
phase, separate photographs were taken of each phase
and correlated on a dual beam oscilloscope as shown
on the accompanying diagram.

Analysis of this photograph shows that the dwell begins
approximately 1.4 microseconds after the beginning of
the luminosity. This point is indicated by the change
of slope due to the velocity change when the shock
wave is no longer driven by the electrical current.

The internal shock waves generated during the re-strike phase can be
clearly seen in the lower part of this photograph. Recent exploding wire
research has developed several theories to explain the behavior of these
shock waves.
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The STL Image Converter Camera
provides scientists a highly flexible
diagnostic tool wherever high speed
luminous transients are being studied.
The image converter tube, in con-
junction with STL’s new concepts for
generating fast rising precision volt-
age pulses, provides the following
specifications:

—exposure times from 5 to 200 nanoseconds.
Independently adjustable exposure intervals
from 50 nanoseconds to 10 microseconds.

FRAMING OPERATION

STREAK OPERATION — writing times from 50 nanoseconds to 10

microseconds.
—50X
—$20,000 F.O.B. Los Angeles

LIGHT GAIN
DOMESTIC PRICE

A demonstration of the STL Image Converter Camera at your facility may
be arranged by writing W. J. Schenck, P.O. Box 45738A, Westchester
Station, Los Angeles 45, California.

J STL PRODUCTS

A DIVISION OF SPACE TECHNOLOGY LABORATORIES, INC.
WEST COAST: P. 0. BOX 45738A WESTCHESTER STATION * LOS ANGELES 45, CALIFORNIA

EAST COAST: 515 HERRICKS ROAD, NEW HYDE PARK, NEW YORK

Space Technology Laboratories, Inc. is a subsidiary of Thompson Ramo Wooldridge Inc.
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for accurate measurement of

Instrumentation by General Electric

In measuring critical fluid flow—liquefied petroleum gas, ethylene
or a jet’s fuel—General Electric’s revolutionary mass flowmeter
systems are setting new standards in accuracy and reliability. In
addition to pioneering progress in flow measurement, General Electric
research helps build industry’s profits by creating other reliable
instruments and instrumentation systems for equipment manu-

facturers, plant users, electric utilities and the aerospace industry.
For our 16-page color bulletin, “A Profile of Instrument
Capability,” contact your G-E sales representative, or write
General Electric Co., Section F594-01, Schenectady 5, N. Y.

GENERAL @3 ELECTRIC
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THERE'S MORE TO
ATAIRES
MINUTENRN

A ASSIGHMENT
‘1 THAN

3 AR CONDITIONING

A HOLE

r
.
-

Untended, isolated, in their under-
ground silos, the Minuteman must re-
main operational at all times — ready
for instant performance. Helping the
Air Force Reliability Program meet
this challenge, American Air Filter de-
veloped and is supplying an integral
environmental control system including
temperature and humidity controls,
heating, cooling, refrigeration and air
filtration. Buried with the weapons
system, the AAF equipment protects
itself as well as the Minuteman. Con-
trol center personnel are protected by
chemical, bacteriological, and radiolog-
ical air filters.

American Air Filter capability is
based on years of leadership, with ex-
perience in all types of ‘“better air”
equipment. Projects include Nike Zeus,
Atlas, Titan, Pershing, and the Century
Series fighters. Can we help you?
Defense Products Division, American
Air Filter Co., Inc., 310 Third St., Rock
Island, Ill., Phone 788-9311.

COMPLETE SYSTEMS
CAPABILITY

* Heating
Ventilating

Air Filtering
Refrigeration
Humidity Control

ENGINEERED
ENVIRONMENTAL
SYSTEMS

THE COVER

The photograph on the cover shows the explosion that accompanies a large

burst of electrical energy in a copper wire (see “Exploding Wires,”

p 1ge

102). The camera that made the photograph contains a spmmng mirror
that spreads out on the film the image of a narrow section of the wire, mak-
ing a record through time of the wire’s expansion in space. The color
tringes, produced by an interferometer in the camera, represent density
changes in the material of the wire and in the argon gas around it. The
gas is at a pressure of one atmosphere. Lower pressures radically change the
patterns of the bright “tip” and of other features. The outer edges of the

wedge are made by the primary, or “head,”
Y I Y

shock wave moving rapidly out-

ward. The brownish area near the axis of the wire is the expanding wire ma-
terial, within which a second shock wave can be seen propagating inward.
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FIRST TITAN HARDBASE GOES OPERATIONAL. The nation’s first
Titan ICBM hardbase is now operational at Lowry Air Force Base,
Colorado. It is rugged enough to survive and retaliate from a near
hit by a nuclear bomb. It is the forerunner of many similar under-
ground launch sites now being readied to serve with the Strategic
Air Command as guardian of world peace.
Martin Company, the aerospace division of Martin Marietta,
designed and built Titan for the U. S. Air Force and e
is the integrating contractor for Titan hardsites.
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TR I G a The world’s most advanced hybrid
®* gp/dda computing system; shortens
engineering schedules by months, saves thou-
sands in programming costs. If TRICE is applicable
to your projects, you're already paying for it.
TRICE is a major advance in computing tech-
nique offering dramatically increased efficiency
for your operation. Many problems that may now
be putting excessive demands on your large digi-
tal computer and its programming staff can be

more effectively handled by TRICE...at a frac-
tion of the cost and without dislocation of your
otherwork. TRICE pays for itself in less than a year.
This powerful hybrid gp/dda computing system
for real time solution of differential equations can
be applied to problems found in simulation studies
...axis transformations...open loop integrations.
TRICE provides the accuracy and repeatability of
the digital computer combined with the speed and
programming ease of the analog computer.
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FROM ONLY $89,500

Here is an actual

example, from many in our

files, of the spectacular savings possible with TRICE.
A certain transformation problem required two
months of programming for solution by a large scale
computer; the same problem was programmed and
solved on TRICE in just three days. That problem,
like many others, cannot be solved satisfactorily on
obsolete analog computers. Space age technologies
demand accuracy and repeatability beyond analog

capability plus the computing sophistication
offered by TRICE.

TRICE is simple to use. One customer’s engi-
neering staff learned to program TRICE in only
one morning—from a sales brochure. Such a
sales brochure would probably be of interest to
you. Why don’t you write for your copy?

lﬁb] Packard Bell Computer

1905 Armacost Avenue, Los Angeles 25, California
A SUBSIDIARY OF PACKARD BELL ELECTRONICS
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COURIER I-B — Active

communicalions satellite

Thor sets 95%
reliability record in

1961 space shots e

The first piggy-back satellite

S F—

Douglas -built
“Workhorse of the
Space Age’” launches

more US. satellites ,
DISCOVERER — Ejects
than all other '"°“:::5’;1:e:°:;.t':g.;
. scientific data
boosters combined !

To orbit any satellite, its launching \/gr
vehicle must operate faultlessly. That’s T
why Thor is such a favorite among

space experts. // |
Thor has provided a perfect boost / f

toward orbit for 3 Pioneers,
34 Discoverers, 2 Echos, 1 Courier, Paddle-wheels utilize
3 Explorers, 6 Transits and 4 Tiros. solar power
Satellites launched by Thor have
traveled well over 314 billion miles.
Now an improved Thor is ticketed
for even greater space-work. As an
integral part of the NASA Thor-Delta W The et nevinarional
program, also a Douglas project, the new : satellite
Thor will launch a variety of man-
moons...including solar observatories
and active communications units. T
Among these will be the United States’
first experimental active communications
satellites, Relay, Syncom and Telstar.
Thor is an example of how Douglas
carries a giant space systems program
through design, manufacture and :f;op:,;:\?f e
test and follows through to insure communications
outstanding performance. satellite

DOUGLAS

MISSILE AND SPACE SYSTEMS - MILITARY AIRCRAFT < DC-8
JETLINERS « RESEARCH AND DEVELOPMENT PROJECTS -
GROUND SUPPORT EQUIPMENT « AIRCOMB®+ ASW DEVICES

EXPLORER VI—

TIROS I — Picture-taking
weather satellite

Above are some of the satellites
launched toward successful orbit by
the Douglas Thor.
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New approaches to problems in technical measurement...

Minute electrical impulses previously unstudied
or undependable as information because they
were buried in high amplitude background noise
take on new significance when they are put
through the CAT computer. A four-input, digital
computer of average transients, the CAT picks
repetitive signals out of noise (even when ratios
are as low as 1:100), stores them in its memory,
averages them and displays the averaged signal
for analysis — or sends them on to readout de-
vices. This singular research instrument is the
development of Mnemotron Corporation, a sub-
sidiary of Technical Measurement Corporation.

The CAT computer shows promise in many appli-
cations in biological and physical research. For
instance, it is used to measure and compare si-
multaneously evoked responses from different
regions of the brain . .. to obtain time histograms
of nerve action potentials . . . to single out faint
communication signals for identification. The

TMe

© 1962 SCIENTIFIC AMERICAN, INC

CAT can be used virtuallyanywhere that ‘‘signal-
in-a-haystack' conditions exist.

As with the CAT, all Technical Measurement
Corporation instruments represent progress in
the realm of technical measurement. In nuclear
research, for instance, the TMC family of pulse
analyzers include the only 256-channel system
with a choice of seven plug-in logic circuits; the
most portable 400-channel pulse height analyzer
available, and the world's first production 4096-
channel time-of-flight analysis system. In tel-
emetry, another TMC subsidiary, Telemetrics,
Inc., provides reliable ground station equipment
for military and space exploration installations.

If you are interested in the remarkably wide ap-
plication possibilities of the CAT, write the
Mnemotron Corporation, Pearl River, N.Y. If your
problems are in the realm of nuclear research or
telemetry, contact Technical Measurement Cor-
poration, North Haven, Connecticut.

TECHNICAL MEASUREMENT CORPORATION
and subsidiaries — MNEMOTRON CORP. -

TELEMETRICS, INC.




Operations started with manufacture
of hydraulic components for aircraft
in rented airport building.

Introduced first high pressure
hydraulic system for submarines.

IMAGINATION

25 YEARS OF PROGRESSIVE

Entered electronics field with devel- Developed “Gibson Girl” emergency

opment of one of first radio control radio transmitter, destined to save
systems for drones. lives of many World War |l pilots

downed at sea.

Introduced first integrated missile Developed completely self-contained
hydraulic system. telemetry system for Atlas ICBM and.
associated nose cones.

This year Bendix-Pacific celebrates its 25th anniversary...25 years of

pace-setting achievements symbolized by those which are noted above.
These and other Bendix-Pacific achievements have consistently
demonstrated the “imagination plus" of Bendix-Pacific...the driving
creative curiosity coupled with experience in depth which has made

© 1962 SCIENTIFIC AMERICAN, INC



ENGINEERING LEADERSHIP

A

Participated in early “Bumblebee”
missile program with development of
subsonic and supersonic beam riders.

Entered sonar field with development
of depth recording equipment for
Navy.

FROM BENDIX-PACIFIC

S

L

Participated in development of active
radar homing guidance system for
missiles.

Developed first airborne scanning
sonar.

4

" e i

Selected as member of team to
develop 18 worldwide ground instru-
mentation and tracking systems for
Project Mercury.

Bendix-Pacific a leader in the fields of Airborne Radar, Data Handling,

Guidance, Hydraulics/Pneumatics/Electro-Mechanics, Military Naviga-

tion, Oceanics and Telemetry. For information on how Bendix-Pacific

“imagination plus” can go to work for you in any of these fields, call

or write Bendix-Pacific Division, North Hollywood, California.

© 1962 SCIENTIFIC AMERICAN,

SO

Occupied new Electronics Center, an
advanced complex including largest
indoor sonar test tank.

Bendix-Pacific Division

CORPORATION

INC



IF YOURE
LOOKING FOR
THE LATEST

- i '

The latest in high-speed copy machines
is the Bruning 280. This automatic-feed machine deliv-
ers crisp, clean copies at a rate of 2400 per hour. Auto-
matically separates copy from original. Handles sheets
up to 11" x 17”. . . all weights. Write for full details.

CLEARLY
YOUR
CHOICE
IS
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World’s first transistor-

regulated colorimeter!

\

Bausch & Lomb
Spectronic 20 Colorimeter

All-time best seller...now even better!

The 20,000 Spectronic 20 Colorimeters now in use
broke all sales records because of higher accuracy,
wider range and faster readings than any other
colorimeter. Now this revolutionary new transistor-
regulated model gives you even higher accuracy by
increasing stability of voltage, frequency and tem-
perature; even wider range—every wavelength from
340mp to 950mu; even faster readings, because
warm-up is ten times faster. And it’s just one of
three better-than-ever models of the best-selling
colorimeter of all time.

Ask your Bausch & Lomb dealer
for an on-the-job demonstration!

BAUSCH & LoMB G

MODEL 4, ELECTRONIC REGULATED,
with built-in power regulator for 115V, 50 or 60
cycle A.C. ... e $375

MODEL 2, STANDARD, for 115V, 50 cycle
AC. $295

MODEL 5, BATTERY OPERATED, equipped
for D.C.orbatteryuse .................... $265

| BAUSCH & LOMB INCORPORATED |
| 75829 Bausch Street, Rochester 2, N. V.

| [0 Please schedule a Spectronic 20 Colorimeter
: demonstration in my lab at my convenience.
| [0 Please send Spectronic 20 Catalog D-266.
|
|
|
|
|
|

INAIC .o naeen I

Professional ..........ccoccoeceeeeiciieiiiiiieiie e |
Address |
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RELIABILITY BY DESIGN ., My

TYPICAL OF THE
BROAD LINE OF WESTON
AEROSPACE INDICATORS

Course-Distance-Tracking

Command/Target Altitude

ONLY INSTRUMENT OF ITS KIND ...
HAS INDEX FOR AUTOMATIC CONTROL

In outer space or at sea level, you can depend on
Weston aerospace instruments for highest relia-
bility and superior performance. The complex
Bearing-Distance-Heading Indicator, for example,
provides an accuracy of = 0.5° on the card, and
is equipped with an adjustable memory index for
automatic flight control. Reliability is proved in
rigid 1,000-hour MTBF tests*® . . . rather than by
time logged under normal flight conditions.

Weston's high performance standards are
achieved through unexcelled packaging tech-
niques and mechanical design, in-plant machin-
ing, and rigid quality control. In addition, Weston . . .
offers unparalleled engineering experience. We Bearing-Distance-Heading
designed and built the original I.L.S. Indicators,
and recently supplied nine of the 26 indicating
instruments aboard each Mercury Capsule.

Take advantage of unusual Weston design and
development capability. For more information,
write Weston — producer of the most complete
line of electrical aerospace instruments for
manned flight. Dept. 59.

*Test Level H, Advisory Groups of Reliability of Electronic Equipment. Radar Altimeter

WESTON insTRUMENTS

Division of Daystrom, Incorporated, Newark 14, New Jersey

Aerospace Instrumentation ¢ Bimetal Thermometers « Calibration & Test
Equipment ¢ Panel & Switchboard Meters « Photosensitive Devices » Precision
Metal Film Resistors * Relays & Tachometers ¢« Systems Design & Development

14
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LETTERS

I greatly enjoyed Raymond Bloch’s
article “The Etruscans” [SCIENTIFIC
AnERICAN, February]. The passages on
their underground tombs reminded me
of a recent visit to Pompeii.

When Pompeii was being excavated
some years ago, a workman suggested
that when a pick made a hollow noise,
they should proceed cautiously, drill a
small hole in the cavity and fill it with

| liquid cement. From this came (in some

cases) almost perfect models of the hu-
man body in its position at the moment
of death—complete even to the facial
expression.

One of the sites I visited is known
as The House of the Mysteries. In this
house there is a subcellar of spacious
proportions. When Vesuvius erupted,
four men went down into the cellar.
They were provident, wise citizens; they
took with them jugs of water and (prov-
ing their wisdom) plenty of wine.

Everything worked splendidly in their
shelter—except that they were killed
very quickly by the noxious gases that
accompanied the eruption. From the ex-
pression on the face of one of them, I
should guess that all four were totally
surprised. I give you this experience of
mine for what it is worth.

BarkLiE McKeeE HENRY

Rome

Scientific American, May, 1962: Vol. 206,
| 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,
ScieNTIFiIc AMERICAN, 415 Madison Avenue, New
York 17, N.Y.

Subscription correspondenee should be ad-
dressed to Jerome L. Feldman, Circulation Man- |
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York 17, N.Y.

Subscription rates: one year, $6; two years, $11;
three years, $15. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall, Lon-
don SW 1, England, for the account of Scien-
tific American, Inc.: one year, two pounds four
shillings; two years, three pounds 19 shillings;
three years, five pounds eight shillings.

Change of address: please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a recent issue. Be sure to
give both old and new addresses, including postal
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News from Allied Chemical:

A roundup of new developments which proves
that, despite intervening “ages” of electronics,

nucleonics and space,

the Age of Plastics is still very much with us.

Urethane foam pore, magnified many times

What’s with the urethanes today?
Applications can now be numbered by
the thousands. Some of the newer ones:
lining for an astronaut’s helmet,
“shoes” for walking on water, marine
finishes with double the life of spar var-
nish, sprays for reducing freeze-thaw
cycles on concrete underpasses. In
brief, urethanes are very much on the
march, and Allied Chemical is a leading
producer of basic urethane chemicals:
Nacconate®Diisocyanates,Actol* Poly-
ethers, and Genetron® Blowing Agents
. and leader in the chemistry and
commerce of urethane applications.

Polypropylene progress. Every-
body’s designing with polypropylene
these days—and small wonder. Never
before has a single thermoplastic com-
bined so many valuable properties at
reasonable cost. But, like all new plas-
tic engineering materials, it presents
new problems to designers and molders.
To meet this need, Allied’s Plastics
Division has set up a type of technical
service unmatched, we believe, by any
other plastics supplier. Actually three
services in one, it comprises an Appli-
cations Engineering Group, Field T&ch-
nical Service Engineers, and Applica-
tions Research and Engineering. So if
you or any of your friends are working
with polypropylene, we suggest you re-
member the name Plaskon®. Plaskon
polypropylene means top-quality prod-
uct plus the help you need in working
with a new engineering material.

Million-molecular-weight poly-
ethylene. You may be able to tear a
telephone book—but you can’t tear a
16" sheet of AC-X Polyethylene. This
high-density polyethylene has a molec-
ular weight of one to three million—is
the strongest ever developed. AC-X ex-
hibits exceptional toughness, high im-
pact strength and abrasion resistance,
as well as long-term resistance to fa-
tigue. In the Bell stress test, compres-
sion-molded AC-X Polyethylene rates
“no failures at any time.” Perhaps your
technical people should evaluate it.
Samples and data sheets are readily
available from our Plastics Division.

© 1962 SCIENTIFIC AMERICAN, INC

Boom without bust. Melamine plas-
tic dinnerware is a booming business
these days—due in large part to excit-
ing new colors and patterns. Designs
range from simple to intricate, from
classic to contemporary. No “bust” is
anticipated, for melamine plates and
cups are virtually unbreakable. Allied
doesn’t make dinnerware; our job is
supplying Plaskon Melamine.

Wrapping up a roundup. Our plas-
tics roundup concludes with Aclar*
and Capran*—not a vaudeville team,
but two new packaging films for wrap-
ping the hard-to-wrap. Both stem from
our General Chemical Division. Aclar
is a fluorohalocarbon—a clear, tough
film with virtually zero moisture ab-
sorption. It protects products against
oxidation and is unaffected by almost
all chemicals, solvents, and oils. Capran
is a polyamide (nylon) film, with
strength approaching 10,000 psi. It
defies heat, shrugs off cold, scoffs at
fats and oils. Heat-sealable, Capran
takes printing without pretreatment.

For literature on any of the above-
mentioned items, just write on your
company letterhead to Allied Chemical
Corporation, Dept. SA-5, 61 Broad-
way, New York 6, New York.

llied

hemical

BASIC TO AMERICA’S PROGRESS

#Trademark of Allied Chemical

15



Zone refining Y% inch tungsten rod at 3400°C.

New Floating Zone Scanner Refines Tungsten, Iron, Silicon

Ultra-pure metals and semiconductor ma-
terials are now zone refined in vacuums up
to 10-*mm of Hg. with a new Westinghouse
scanning fixture. The unit employs induction
heating techniques to heat the molten zone,
and support it, when necessary, by levitation.
The scanner is designed to handle high-
temperature metals with melting points up
to 3500°C. It can be operated with gas
atmosphere or vacuum. To insure satisfac-
tory vacuum operation, magnetic drives are
used to eliminate dynamic seals.

The apparatus is capable of processing rods
up to 124 inches in diameter, and 24 inches

16

in length. For semiconductor work, 10Kw
at 4Mc. is normally used. For other appli-
cations, the material to be processed and the
rod size will dictate power level and optimum
frequency. In all cases, the heating coil is
positioned within the vacuum chamber.
This allows close coupling between the coil
and the work to minimize zone length and
obtain maximum levitation.

For further information on this advanced
new zone refining equipment, contact Indus-
trial Electronics Department, 2519 Wilkens
Avenue, Baltimore 3, Md.

You can be sure.. . . if it’s Westinghouse.
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Pea soup is duck soup

The F-105D is an all-weather tactical weapon system.
One man flies it with equal success in soup or sun-
shine. As tactical workhorse for the U. S. Air Force, since
1959, its active service proves F-105D mission capabili-
ties are second to none. System means unity. Pilot, plane
and weapons fly together as one. Purpose: Close support
for ground forces. Requirement: Success in any weather.

Armament: Broad range of conventional or nuclear
weapons. To aid pilot control: Fully integrated automatic
Doppler navigation radar, weapons delivery control, and
flight control system which enables the pilot to take off
under the worst weather conditions, come in low on the
deck to avoid enemy radar detection, and hit the target.
Mission accomplished, the F-105D returns safely to base.

REPUBLIG

AVIATION CORPORATION

FARMINGDALE, LONG ISLAND, NEW YORK
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LOOK TO PARSONS ELECTRONICS for...

MISS DISTANCE INDICATING SYSTEMS
— PARAMI and PARPAS...
active and passive missile scoring systems.

. PROCESS AUTOMATION —oil and gas

production control systems including basic
sensors, remote indicators, data logging,
and control by wire and/or microwave link.

TELEMETRY — decommutation stations -
. signal simulators « transmitters + A/D con-
verters ¢ subcarrier oscillators - airborne
commutators.

For further information write

WORLD WIDE SERVICES: APPRAISALS AND ECONOMIC STUDIES «

INSTRUMENTATION SYSTEMS —
Acquisition, recording, display and process-
ing of analog and digital data for testing,
monitoring, and control applications.

DIGITAL COMPONENTS — digital
voltmeters « A/D converters « multimeters «
related digital components and system.

AIRBORNE TAPE RECORDERS — contin-
uous loop and reel-to-reel - multitrack storage
and readout of analog, digital, FM, and
PDM data.

LOS ANGELES
LONDON
NEW YORK

PARSONS ELECTRONICS vanNGTON

OFFICES IN

A DIVISION OF THE RALPH M. PARSONS COMPANY OTHER

PRINCIPAL CITIES

151 SOUTH DE LACEY AVENUE, PASADENA, CALIFORNIA THROUGHOUT

THE WORLD

ARCHITECT-ENGINEERING « CONSTRUCTION « ELECTRONIC SYSTEMS

AND COMPONENTS « MINING AND METALLURGICAL ENGINEERING « PERSONNEL TRAINING « PETROLEUM-CHEMICAL ENGINEERING
PETROLEUM PRODUCTION SYSTEMS e« PLANT OPERATION « POWER PLANT ENGINEERING « WATER DEVELOPMENT AND SYSTEMS
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BRAINCHILD (it figures!)

This smart little machine weighs only six pounds, yet does
just about everything the big, expensive machines do...and a
couple of things they can'’t.

The big machines add, subtract, multiply, divide.

So does the Bohn Contex.

Here’s what the expensive calculators can’t do.

They can’t double as high-speed 10-key adding-subtracting
machines.

The Bohn Contex can.

They can’t be operated by anyone after just a few minutes
instruction.

The Bohn Contex can.

Most important of all, the Bohn Contex is the first com-
pact, 10-key machine that’s truly portable. Goes to work
anywhere.

Businessmen, salesmen, engineers, architects, students,
housewives find the Bohn Contex the easiest, fastest way to
figure bills, invoices, percentages, extensions, estimates, in-
come taX.....ooveveneennneenn..... All this for $125

For hour-after-hour use, the Bohn Contex Electric. Same
size, same features, but greater speed and ease because the
motor does the work. veeeeeen...Only $235

Atlanta, DeKalb Office Equip.; Tidwell Co. Bakersfield,
Brmgepnrt Frank McGuire Buffalo, Office Automation Charl leston, S.C.,

Fred Johnson Inc. Chicago, Horder’s; Benbow Ci

ONLY $125 (it doesn’t figure!)

To a businessman who pays $500 to $1,000 for an office
calculator, the price of our Brainchild seems too good to be
true. Our suggestion: borrow a Bohn Contex and see how it
figures to save you money. Any dealer listed below will lend
you a hand (or electric) model. If the dealer in your city is
not listed, or you’re not in a borrowing mood, just mail the
coupon. *PLUS F.E.T. CARRYING CASE $14.95
Bohn Business Machines Inc., Dept. CA-10

444 Park Avenue South, New York 16, N.Y.

Send detailed “specs” on your Brainchild [] manual
O electric. [0 Send name of nearest dealer.

NAME
FIRM
ADDRESS

CITY.

BOHN CONTEX CALCULATOR

Valley Office Supply Baltimore, Lucas Bros. Billings, Western Office Equip. Bnlse, Kalbus Office Supply Boston, Thorp & Martin
n

nati, Pounsford’s Columbus, Dorsey’s General Office Equip. Dallas,

S. L. Ewing Denver, Kistler’'s Des Moines, Berry-Myron Detroit, Macauley 's Eugene, Clary Bus. Mach Fresnn Stanton Office Mach Houston, Maverick-Clarke Indianapolis, Rex. Bus. Mach

Jacksonville, Frank Coar Agency Kansas City, Kansas City Loose Leaf Lancaster, Pa., Weaver Book Store Lansmg, Hasselbring Los Angeles, Offlce Machines Inc.; Long Beach, California Calcu-
lator; Sherman Oaks, Valley Stationers Louisville, Fetter’s Memphls S. C. Toof M |am| Accurate Bus. Mach. Milwaukee, Clark Bus. Mach. Minneapolis, Farnham’s Newar k, New Jersey Office
Supply New Orleans,'Amann Bus. Mach. New York, Mineola, L.1., D. Waldner Ogden, Weber Office Supply Palo Alto, Delmer Israel Pasadena, Anderson Typewriter Philadelphia, Pomerantz Phoe-
nix, Heinze, Bowen % Harrington Puttshurgh Milton Wiener Portland Oregon Typewriter Raleigh, Business Machines Inc. Rochester, Dunphrey Duplicating Sacramento, David’s Office Equip.
St. lums Von Soosten & Co. Salem, Needham’s Salinas, Peninsula Typewriter Salt Lake City, Salt Lake Desk San Bernardino, Stockwell & Binney San Diego, Nelson Bus. Mach. San Francisco,
Quality Office Mach. San Jose, Kennedy Bus. Mach. Santa Barbara, Lund Office Equip. Savannah, Chatham Typewriter Seattle, J. K. Gill & Lowman-Hanford Springfield, Mo., Carroll Typewriter
Tucson, Tucson Office Supply Washington, D.C., Ginn's, Stockett-Fiske Wichita, Wilbur E. Walker Wilmington, Hilyard's Winston- Salem, Hinkle’s In Canada, Scandinavian Bus Mach., Montreal
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“*Don’t worry about that late delivery

How does he know? When the supplier called him about the delay, he checked his critical
path schedule and found that the delivery was for an activity not in the critical path. ..
a delivery that could be delayed without affecting the project’s completion date.

Building a bridge? Doing routine plant maintenance? Starting a research and development
project? Planning a data processing installation? Critical path scheduling can help you do
it better, faster, right from the planning phase; gives you continuous, timely reports that
identify potential problem areas; lets you simulate effects of alternate decisions; lets you
know whether you are meeting your deadlines.

Like to know more? Call your local IBM Representative.

© 1962 SCIENTIFIC AMERICAN, INC




-we’ll still finish on time”’

- =

xamine all the activities in your [ Use one of the several programs WM Quickly, the computer checks all

ject. Prepare a logical network, IBM supplies at no additional cost. possible paths through your network,
1 add time estimates, and punch Programs are available for single or  and prints out a detailed report that
information into cards. multiple time estimates. shows the critical path.

© 1962 SCIENTIFIC AMERICAN, INC
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One of a series

Interpolation: the mathematical art
of reading between the lines

It begins with the problem “Given certain isolated
points: What is happening in between?”’ Men from Napier
and Newton have then proceeded to discover

formulas for the most probable in-between points.

Recently mathematicians at the GM Research
Laboratories have been looking at new ways to interpolate
in three-dimensional space. As a result they’ve come

up with a fresh approach to the mathematical
representation of surfaces. It is called smooth surface
interpolation.

Their new interpolation formula is the sum of twelve
terms. Each term corresponds to a way you can deform an
elastic plate by bending or twisting its corners.

(Four of the ways are shown in our illustration.)

To develop a surface, those isolated points in space

are first fitted with a crisscross network of curves using a
3.D extension of shipbuilders’ spline interpolation.

Each rectangular element of the network can

then be interpolated with the new formula so it will join
smoothly and without a ripple to adjacent elements.
Result: a completely smooth surface.

A continuously differentiable surface.

A distinct contribution to mathematical theory,
this work has suggested a host of related techniques and
potential applications to our new advanced

mathematics group. We think it typical of General Motors’
constant effort to seek and ind—A BETTER WAY.

General Motors Research Laboratories

Warren, Michigan
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SULPHUR helps to create headline products

...through

the aid of
Polysulphide
Fuel/s

From the earliest days of our missile program
solid fuels have been very much in the picture
—with the polysulphides playing a leading
role all the way. Today’s successful
NIKE HERCULES Defense Missile and
SERGEANT Attack Missile are excellent
examples of the types using polysulphide
solid propellants. Motors for these missiles
are produced by Thiokol Chemical Corpora-
tion. The need for sulphur in these fuels is
important—a need that cannot be satisfied as

i 2

well by any other element or by any compound.
It was no casual compliment paid to Sulphur
when industry labeled it ‘One of the Four Pillars
of Processing.” Sulphur plays a part—directly or
indirectly—in so many new products that reach
the headlines. The policy of TGS, as the leading
producer of Sulphur, by both Frasch Mining
and Gas Reduction, is to maintain ample stocks
of both solid and molten sulphur to meet indus-
try’s requirements—and to set up and supply sec-
tional distribution terminals for molten sulphur.,

TEXAS GULF SULPHUR COMPANY

75 East 45th Street, New York 17, N. Y.
811 Rusk Avenue, Houston 2, Texas

Sulphur Producing Units: Newgulf, Texas « Moss Bluff, Texas
e Fannett, Texas « Spindletop, Texas « Worland, Wyoming
e Okotoks, Alberta, Canada

© 1962 SCIENTIFIC AMERICAN, INC

23



High flow at
2,000 psi

pneumatic solenoid valve
for aero-space vehicles

THE new Valcor solenoid valve,
Series 387, was developed and is
currently being qualified especially
for the aero-space industry’s new
super rockets, where high op-
erating pressures, combined with
extreme temperature variables,
must - be controlled... exactly!

A major aspect of this valve
design is its flow characteristic:
the Series 387 has, we believe,
the lowest pressure drop of any
poppet valve! Designed for fuel,
hydraulic and pneumatic applica-
tions, its co-axial feature allows a
high rate of flow at 5,000 psi, at
temperatures ranging from —65°F
to +4500°F.

Series 387 is considerably
smaller than comparable valves
capable of equal flows at 5,000
psi. Smaller size and co-axial
design drastically simplify its
installation.

The unusual bulkhead mount
design allows the valve to function
through vibration up to 20G and
shock loads up to 40G. And its
unique valve seat design enables
the unit to withstand the erosive
effects encountered in high pres-
sure, high flow pneumatic systems.

Write or call today for full
details and ask for a copy of
Valcor's catalog, “Valve Selections
for Aero-Space Applications”.

vaLcor S

SOLENDLD VALVES

VALCOR ENGINEERING CORP.

5360 Carnegie Avenue, Kenilworth, N. J.
CH 5-1665 (Area Code 201)
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o0 AND 100
~ YEARS AGO)

SN AMERICAN

MAY, 1912: “In the matter of safe-
| guards against foundering at sea the
Titanic was not so well provided as her
famous prototype, the Great Eastern, of
over 50 years ago. Indeed, we do not
hesitate to say that, in the extent of her
double-hull construction, in the most im-
portant question of the height of the top
of the bulkheads above the water line,
and in the provision of longitudinal sub-
division, the great ship of the year 1858
was immeasurably superior to the boast-
ed product of our ever boastful 20th
century.”

“Dr. Walter O. Snelling, consulting
chemist of the Bureau of Mines and of
the Panama Canal Commission, now do-
ing laboratory work in Washington, has
developed a liquid gas of which a little
steel bottle will carry enough to light
a house for a month. Snelling puts 2,000
feet of gas into a steel container four
feet high and six inches in diameter.
This follows from the fact that Snelling
gas has a calorific power somewhat over
four times that of ordinary coal gas. As
commercially prepared, the gas consists
chemically of about 50 per cent liquid
ethane, 40 per cent liquid propane and
10 per cent liquid butane.”

“Christian Laden, a Norwegian ex-
plorer, has returned to this country with
what he believes to be the first evidence
of the fate of Salomon August Andrée’s
balloon. At a point 200 miles north by
west of the place at which it has been
generally believed Andrée perished,
Laden encountered a tribe of Eskimos,
who related a story to the effect that sev-
eral years ago a large bubble fell from
the heavens, containing two creatures
supposed to be ‘devils’ and who were
able to hurl forth fire and thunder from
strange implements that they carried.
The members of the tribe attacked the
two creatures and succeeded in killing
one of them with arrows, whereupon the
other made motions to them signifying
that he and his companion were shoot-
ing at birds for food and had come in
| peace. When the Eskimos realized that

© 1962 SCIENTIFIC AMERICAN, INC

they had attacked human beings who
had no unfriendly motive, they fled in
dismay, leaving the surviving white man
alone. What became of him they do not
know.”

“The life of a tissue (as of heart or
spleen or muscle) taken from the body
and cultivated in vitro—that is, in a glass
receptacle such as a bowled slide—is in
general very short: in from three to 15
days its growth becomes less rapid and
eventually ceases altogether; it then dies
and its cells degenerate. Dr. Alexis Car-
rel has made many memorable experi-
ments to the end of prolonging such
tissue life; he now, in The Journal of Ex-
perimental Medicine for May, describes
the work he has done to determine the
conditions under which the active life
of a tissue outside the organism could be
indefinitely prolonged. By various re-
markable techniques he has been able
to maintain such tissue cultures in active
life for beyond 60 days, in some cases at
least 85 days.”

MAY, 1862: “The total number of hu-
man beings on earth is now computed in
round numbers at 1,000,000,000. They
speak 3,064 known tongues, and in
which upward of 1,100 religions or
creeds are preached. The average age of
life is 33% years. One-fourth of those
born die before they reach the age of
seven years, and half before the 17th
year. Out of 100 persons only six reach
the age of 60 years and upward.”

“A subterranean railway is now in an
advanced stage of construction, running
about four and a half miles under the
city of London. It commences at Victoria
Street, whence it passes eastwardly, hav-
ing a large number of intermediate sta-
tions. On the occasion of a recent trip
made through a portion of its length, the
air was found to be perfectly sweet and
free from all unpleasantness.”

“The report of the capture of New
Orleans is fully confirmed. The Southern
newspapers said at first that the boats of
Commodore Farragut’s fleet ran by the
forts below the city without reducing
them, but the Norfolk Day Book of
May 3 had the following telegram
from Augusta, Georgia:—The Savannah
News has a special dispatch from Mo-
bile of May 1. It says that Forts Jackson
and St. Philip had fallen and that Gen.



Exploring the
possibilities in
Coherent Light

Is it feasible to take advantage of the enormous
bandwidth available at optical frequencies? Could
coherent light, for example, be sent through pro-
tecting pipes to provide high-capacity communica-
tion channels between cities?

To study such possibilities it is, first of all,
necessary to have a source of continuous coherent
radiation at optical frequencies. Such a source
was first produced when Bell Laboratories scien-
tists developed the gaseous optical maser.

Recently, our scientists demonstrated the gen-
eration of continuous coherent light by solid
materials. Using a crystal of neodymium-doped

At Bell Laboratories, Donald F. Nelson studies a
beam of coherent red light produced by a continuously
operating ruby optical maser. The heart of

the device is a uniquely shaped ruby crystal
immersed in liquid nitrogen in the tubular glass
dewar extending from upper left to center.

Light from the mercury arc lamp (lower center)

is reflected by round mirror at left to mirror

at right and then is focused on the ruby crystal

to produce maser action. Coherent light emerging
from end of dewar is picked up by a detector.

calcium tungstate, a material developed at Bell
Laboratories, continuous optical maser action was
obtained in the near infrared. It has also been
attained with visible light, using a new optical
“‘pumping’’ arrangement to excite a ruby crystal.
(See illustration above.)

Multichannel light highways for communica-
tions are still far from realization. But with con-
tinuous sources of coherent light available, it
becomes possible to explore the problems of
modulating, transmitting, detecting, amplifying
and, in general, controlling light for possible com-
munications applications.

BELL TELEPHONE LABORATORIES

World center of communications research and development

25

© 1962 SCIENTIFIC AMERICAN, INC



opens new vistas

in graphic

interpretation and teaching

Stress parts of a preparation ...combine separated details..
observe and draw various layers of the object, one at a time...
secure a facsimile or enlarged illustration of the microscope
picture-without impairing normal operator comfort. Add these and

other capabilities to those inherent in the basic instrument with
its many accessories and attachments for all types of observation.

Can any other microscope offer more versatility, precision and
adaptability than the Wild M-20? Your own evaluation of this

great instrument will provide the answer.

Write for Booklet M-204

*The FIRST name in a complete line of Surveying Instruments,
Photogrammetric Equipment and Microscopes.
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Duncan was in New Orleans on his
parole. Also that the Federal flag was
hoisted on the Custom House.””

“M. Berthelot, of Paris, has succeeded
in a most interesting chemical experi-
ment, resulting in nothing less than the
direct combination of hydrogen and
carbon. Having for a long time been con-
vinced that at an extremely elevated
temperature they would combine with
each other, he tried the experiment at
all temperatures but at first without ob-
taining the desired result. Finally the
extremely simple and happy idea oc-
curred to him of making a current of
hydrogen pass between the two carbon
points of the electric light excited by
Bunsen’s battery of 60 elements, and
then his efforts were crowned with suc-
cess. At this extreme temperature the
hydrogen combines with the carbon, and
the product of the combination is car-
bide of hydrogen, discovered some years
ago by M. Berthelot, to which he gave
the name of acetilene.”

“In the course of our investigations at
the Patent Office we have come across
a patent granted to Thomas Gregg on
March 19, 1814—48 years ago—for an
invention of a ‘ballproof vessel, to be
propelled by steam,” which, on examina-
tion, proves to be an almost exact model
of the Merrimac. The sides were to be
plated with iron, inclined at an angle
of 18 degrees, and the drawings show a
sharp iron prow, evidently to be used
as a ram. This prototype of the latest
triumph in naval architecture was pat-
ented only seven years after the intro-
duction of steam navigation.”

“The theory of spontaneous genera-
tion was long since proposed to account
for the origin of beings whose germs
were too minute or too obscure to attract
attention. One after another the different
organisms supposed to arise from spon-
taneous generation have been proved to
originate from germs. At present the
question of spontaneous generation con-
cerns only the origin of entozoa and
those minute organisms that can be
studied with the aid of the microscope,
as molds (minute fungi) and Infusoria,
both animal and vegetable. The common
theory that the spores or germs of these
minute organisms are constantly floating
in the atmosphere ready to start into ac-
tivity whenever they meet with a suit-
able nidus has found an able advocate in
M. Pasteur, of the Ecole Normale Su-
périeure in Paris, who has published in
the Comptes Rendus a series of valuable
papers on this subject.”



MEASURE. RECORD. ANALYZE.

(It sounds easy when you say it fast.)

It used to be that data acquisi-
tion was as simple as looking at
a dial or a glass thermometer.
No more. The entire data han-
dling process itself has become
more and more complicated and
demanding. Because of this, it
hasbecomeincreasingly prudent
to call for expert advice when
you have a challenging problem
—or even a routine one, for that
matter—in the field of data han-
dling. We believe the examples
cited below bear out this prac-
tical wisdom.

“*LONG DISTANCE’’ DIAGNO-
SIS. In experimental tests in
Birmingham, Alabama, electro-
cardiograms are being ‘‘dialed’’
by special telephone hook-up di-
rectly from patients in one hos-
pital and automatically charted
on a Honeywell Visicorder direct-
writing oscillograph at another
hospital across town for immedi-
ate interpretation and diagnosis.
The success of these experi-
ments, conducted by the Me-
morial Institute of Pathology,
with the Birmingham Baptist
Hospitals and engineers of
Homneywell collaborating, dem-
onstrate the feasibility of trans-
mitting and recording, even
thousands of miles distant, prac-
tically any type of physiological
data which can be sensed elec-
tronically. Thus the knowledge
and ability of medical special-
ists can be made available to
physicians and their patients in
any part of the country.

I IR I A I A I O A I

GET DOWN TO THE ELE-
MENTS. This was the assign-
ment recently handed to Honey-
well engineers by a midwestern
manufacturer of scientific in-
struments. That is: determine

the various elements in a hydro-
carbon mixture: carbon, hydro-
gen, oxygen, nitrogen, sulfur,
and so on. For some time, gas
chromatographs have been used
to determine the percentage of
components of a gaseous mix-
ture—methane, butane, ethane,
hexane, propane, and other hy-
drocarbon compounds. Starting
with this instrument and its
Homneywell strip chart recorder,
adding a mass spectrometer, and
feeding the signals into a multi-
channel Visicorder oscillograph,
a time-correlated record of the
various component elements of
a gaseous mixture was readily
obtained. Since few recorders can
keep up with the speed of a mass
spectrometer, an extremely wide
range of galvanometric sensitiv-
ities had to be provided to
measure the wave lengths of the
various elements. In practice,
the assembly works with speed
and precision, doing instantane-
ously analytical work that pre-
viously took hours of laborious
laboratory time.

ELECTRONIC °“SLIDE RULE"
FOR STEEL MILLS. In the
basic oxygen steelmaking proc-
ess, a heat of steel is produced
very quickly, and the charge for
the next batch must be calcu-
lated as the current one is being
poured. If the mix is off, the steel
may not reach the proper tem-
perature by the time the furnace
is tapped, and the whole batch
has to be reblown. If the nar-
rowly limited tapping tempera-
ture range is exceeded, the steel
has to be cooled down. In either
case, it's costly, and seriously
interfereswith productionsched-
ules. The proper proportion of
charge ingredients—raw steel,

scrap, scavengers, etc.—can be
figured out empirically on a
slide rule, but even the best
human calculations are too slow
to keep up with the furnaces.
Honeywell engineers designed
for Jones & Laughlin Steel Corp.
a special analog computer that
determines instantly the proper
charge formula for a specified
end temperature.

CLINICIAN TURNS REPORTER.
In the treatment of Parkinson’s
disease and other musculomotor
disorders, it would be most
helpful if the therapist could
accurately measure cogwheel ri-
gidity (muscular resistance) be-
fore and after treatment.
Working with Duke University
Medical Center, Honeywell field
engineers and university physi-
cians devised a two-channel am-
plifier that measures the angle
of the patient’s arm and reports
muscular resistances while the
arm is being rotated through an
arc. A two-pen Honeywell re-
corder forms an integral part of
this system, and furnishes the
hospital a permanent strip chart
record for further study and
evaluation.

000000 s00000000000000000000

You will find that a combina-
tion of experience, equipment,
and engineering competence of-
fers a unique capacity for coping
with the complete range of data
handling problems—acquisition,
reduction, computation and an-
alysis, and presentation. If you
would like to enlist Honeywell’'s
cooperation in solving yours,
call your nearby Honeywell field
engineer or write Industrial Prod-
ucts Group, Minneapolis-
Honeywell, 4412 Wayne Avenue,
Philadelphia 44, Pa.

Honeywell
Vata, Haudliug Sytons

HONEYWELL INTERNATIONAL Sales and service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
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Where no metal but Platinum

Platinum safeguards test results at Esso Research
and Engineering Center

At research installations across the nation, scientists frequently
select Platinum for their equipment and apparatus to avoid the
influence of corrosion products on reactions.

For example, at the Esso Research facilities in Linden, New
Jersey, crude oil was to be processed in a pilot plant at 2400°F.

Critical: in the pilot process freedom from the influence of
corrosion products was needed so that the data collected on
every run would be reliable.

Esso Research lined the pilot plant reactor with Platinum
because laboratory experience showed it to have excellent cor-
rosion resistance under the extreme conditions.

Result: project successful.

Esso’s experience is just one example of how manv organiza-
© 1962 SCIENTIFIC AMERICAN, INC

tions — both research and production — are using Platinum. The
fact that Platinum is virtually all recoverable after it has done
its job is another sound economic reason for its wide usage.

It could pay you to use a Platinum Metal

Your problem might be readily and economically solved with
Platinum Metals — where exceptional corrosion resistance is
needed to protect the purity of products or chemicals under test
or in processing ... where high temperature corrosion and spark
erosion are involved, such as in aircraft spark plugs...where
reliable make-and-break electrical contact is indicated, such as
in low-noise high-fidelity transmission...where wear-resisting,
non-tarnishing surfaces are required, such as for printed elec-
trical circuits...where peak catalytic efficiency is required, as
in the refining of high octane gasoline...the Platinum Metals

have proved to be the most economical for certain critical
eaninment.
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The Platinum lining in the reactor of this Esso Research
pilot plant protects the crude oil being processed from
contamination by corrosion products.

will do the job as well...

Industry is going to higher temperatures and higher pressures.
Perhaps your own progress has been blocked by the limita- s::TII:JEw?EMZ$::SEZTEIf: ‘?JUT,HE
tions of materials to withstand such severe conditions. The i
Platinum Metals have removed many barriers. Have you con- . .

. Exceptional Chemical Inertness
sidered them for your problems? . P
High Temperature Stability
Superior Wear Resistance
Peak Catalytic Activity
Low Vapor Pressure

p

Platinum, palladium, rhodium, ruthenium and iridium have
unique potentials, well worth your attention. Specialists are
prepared to work closely with you in evaluating these metals
for new commercial and scientific uses.

As a first step, write us for additional data on the outstanding The six Platinum Metals are:

characteristics and successful applications of the six Platinum PLATINUM + PALLADIUM - RHODIUM
Metals and their alloys— indicating your field of interest or . .
how we might be of assistance. RUTHENIUM - IRIDIUM - OSMIUM

A
‘l@}‘ PLATINUM METALS DIVISION, The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y.
© 1962 SCIENTIFIC AMERICAN, INC



Siegler monitors the heartbeat of a satellite

Only a communications satellite system...carefully
instrumented, accurately tracked and clearly heard...
can meet the free nations’ urgent requirement for
communications-with-security.

From the first important space probe efforts, Siegler has
participated in these programs...major contributions
achieved by the company’s wide capabilities in the
electronic, electro-mechanical, and metallurgic fields.

An example: part of a vital worldwide communications
system is the Siegler satellite tracking antenna system.

Siegler-designed and produced —including complete fab-

rication of the antenna, all mechanical components and

electronic instrumentation—and installed in record time.

In this tracking system, every critical part of the giant,
60-foot parabolic antenna is more precisely machined

for its size than the parts of a fine watch. The result:
not only the greatest tracking accuracy ever achieved
in an antenna of this type, but also the extreme sensi-
tivity required for clear reception of faint signals from
far distances in outer space.

The vital area of space communications is only one
phase of Siegler versatility. In today’s major aerospace
programs, Siegler supplies meteorological electronics
including completely automatic weather stations;
missile launch check-out systems; aero-space struc-
tures; solid-state space television and many other
contributions to military and research projects.

Every Siegler contract includes the asset of divisional
coordination, assuring outstanding dependable perform-
ance and unusually fast response.

THE EGUSEEEMSSY) CORPORATION Los Angeles 5, California

DIVISIONS OF THE SIEGLER CORPORATION: HALLAMORE ELECTRONICS *+ HUFFORD ¢« OLYMPIC RADIO & TELEVISION *+ SPACE SYSTEMS

TECHNOLOGY GROUP *« JACK & HEINTZ - MAGNETIC AMPLIFIERS
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BOGEN PRESTO * SIEGLER HEATER * HOLLY GENERAL * VAC-U-LIFT
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WORTHINGTON CRYOGENIC TURBO - EXPANDER
JOULE ~THOMPSON VALVE

By e e o
CRYOGENIC NEWS: FO

This is news for men who understand a turbo-
expander’s performance at points A, B and C on
this chart. You readily understand the ideal area for
applying machines such as Worthington’s Cryogenic
Turbo-expanders. And you certainly are involved in
developing high-flow cryogenic cycles for industry.
Here is the news: we have produced the first
successful “U.S.-built”” Axial-flow Turbo-expander
operating with liquid in the exhaust. It opens the
path to a variety of machines which can operate in
higher flow cryogenic cycles. Could you use such
a machine in a new or improved cycle?
Remember, Worthington Radial Cryogenic
Turbo-expandersarein full commercial production.

© 1962 SCIENTIFIC AMERICAN, INC

SR DEAL

$ WHO

Up-to-1000-hp machines are successfully operating.
And the Turbo-expanders involved run at the high-
est efficiencies found in this class of equipment.
Today we have 15 years of successful Cryogenic
Turbo-expander application—more than any other
manufacturer. With this record, we can help you
apply the most reliable and economical turbo-
expanders in early stages of cryogenic cycle design.
Typical cycles are for ethylene, air-separation,
natural gas liquefaction and helium recovery. For
these or similar processes, let us help you examine
the cycle opportunities. Write for our Cryogenic
Turbo-expander Bulletin, Worthington Corpora-
tion, Turbine Division, Wellsville, New York.

ENTROPY

| Special! To get

more turbine

value, ask for

our new turbine

buying guide.

Lo "7 Your Worthing-
ton representative has it . . .
ask him or write us today.

WORTHINGTON

PRODUCTS THAT WORK FOR YOUR PROFIT




A Hewlett-Packard
precision frequency/time
standard system ts
reflectedin the deposited
gold surface of a glass-
encapsulated quartz
crystal. Advanced
technology produces
crystals that assure

high accuracy in

the system.
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PROGRESS in measurement...

...accuracy comparable to 8/10 inch
in 25,000 miles, from frequency

stability of 5 parts in 1019/day

Successful programs of space navigation, missile con-
trol, and modern communication depend on highly
accurate time and frequency measurements. Today,
the quartz-controlled frequency/time standard is the
most used basic reference for precise measurement.

Hewlett-Packard, to assure accurate and dependable
performance of the standard systems it builds, de-
signs and manufactures the quartz crystals which de-
termine basic system accuracy.

@& manufacturing specifications for quartz crystals
are exact and unyielding. For example, crystal thick-
ness governs frequency. Hewlett-Packard’s tolerance
for this dimension is 70 billionths of an inch.

If the angular orientation of the crystal’s surface to
its atomic structure is not exact, even small tempera-
ture changes can affect frequency. To minimize this
effect, & controls the generation of the surface in
atomic space to a few seconds of angle.

Mechanical stress on the crystal affects its frequency.
Hewlett-Packard prevents stress by suspending each
crystal on a unique kinematic support—the nearest
thing to floating in space.

To eliminate contaminants which can cause long-term
frequency changes, the crystal is first placed in a dry
nitrogen atmosphere filtered to 0.3 microns. Then
contaminants are boiled away at 300° C, the crystal
is gold plated by vacuum deposition and sealed in an
evacuated glass envelope.

Finally, the crystal’s characteristic curves are plotted
and the optimum temperature for operating stability

is determined. The crystal is then housed permanently
in its oven, and the oven set to the optimum tempera-
ture. Under extreme environment this temperature
varies less than =+ 0.01°C.

The stability and reliability
thus achieved have made
Hewlett- Packard frequency/
time standard systems wide-
ly used references in labora-
tories concerned with pre-
cise measurement. The typ-
ical & system shown here
includes (top to bottom) &
113BR Frequency Divider
and Clock, & 103AR Quartz
Oscillator and & 725AR Standby Power Supply. Model 113BR pro-
vides time signals precise to 1 microsecond, and allows accurate
system calibration with WWV standards broadcasts; price, $2,750.
Model 103AR provides 1 MC and 100 KC sinusoidal outputs whose
guaranteed long-term stabilities are 5/1010/day and whose short
term stability is such that 1/1010 can be expected under lab-
oratory conditions; price $2,500. Model 725AR powers the oscil-
lator and clock and assures continued operation in the event of
line power failure; price, $645.

[ R s o, DRIl
HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California
Hewlett-Packard S.A., Geneva; Hewlett-Packard (Canada) Ltd., Montreal;
Boonton Radio Corporation, Dymec Division, Harrison Laboratories, Inc.,
Hewlett-Packard Associates, F. L. Moseley Co., Palo Alto Engineering
Company, Sanborn Company. Plants: California (4), Colorado (2), Mass-
achusetts, New Jersey (2); England, Germany.
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...the First Complete line of

IMPERVIOUS GRAPHITE

VALVES

CORROSION PROOF
IMMUNE TO THERMAL SHOCK
SELF LUBRICATING

A.5.A. FLANGES

NON CONTAMINATING
REASONABLE IN COST

Designed and Manufactured by
FALLS

INDUSTRIES, INC.
4 DRAIN VALVES

Piston type, non-clogging,
available with explosion-
_ proof electric motor drive for
;] remote operation, Four sizes
te &7

BALL VALVES

Polished Impervite ball rides
in Teflon double seal for
reliable, trouble-free service
life. Six sizes to 6".

4 CONTROL VALVES

Two body sizes, five port
sizes to 11,"”, three plug
styles for quick opening,
linear, or equal percentage
operation.

ANGLE VALVES

Seatless construction, replaces

ell in pipeline. Four sizes
to 6”.
v
DIAPHRAGM VALVES -_.P,:r _;)
Available with manual, as well as *. J
pneumatic or electric operators. |

Closure effected by forcing Teflon
diaphragm upon Impervite weir
Seven sizes to 8".

e

h

Detailed valve bulletins on request.
Report #249-3 covers costs

and standards of all 22 types
of Falls’ equipment.

FALLS Q INDUSTRIES, INC.
SOLON, OHIO — CHURCHILL 8-4343 — TWX: CGN-FS-720

. designers and manufaciurers of new and improved
impervious graphite and metal processing equipment
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THE AUTHORS

‘ ARTHUR I. WASKOW (“The Shel-
ter-centered Society”) is a member of
| the staff of the Peace Research Institute
| in Washington. Waskow was graduated
! from Johns Hopkins University in 1954
| and has studied and taught American
history at the University of Wisconsin,
where he took his M.A. in 1956; he ex-
pects to receive his Ph.D. from that
institution sometime this year. Before
joining the Peace Research Institute
early last year, Waskow had been legis-
lative assistant to Congressman Robert
W. Kastenmeier of Wisconsin since
| October, 1959. Waskow is the author
of the recently published The Limits of
Defense, an analysis of disarmament
and U.S. defense policy.

WILLIAM L. KRAUSHAAR and
GEORGE W. CLARK (“Gamma Ray
Astronomy”) are associate professors of
physics at the Massachusetts Institute of
Technology. Kraushaar acquired a B.S.
from Lafayette College in 1942 and for
the next three years was a physicist at
the National Bureau of Standards, where
he worked on the development of the
radio proximity fuze. He received a
Ph.D. from Cornell University in 1949

| and joined the faculty of M.I.T. the same

year. Since then Kraushaar has been
doing research chiefly in cosmic ray and
high-energy physics. Clark obtained his
A.B. from Harvard University in 1949
and his Ph.D. from M.LT. in 1952. In
addition to the jointwork with Kraushaar
described in their article, Clark is en-
gaged in experimental research on the
showers of particles initiated in the at-
mosphere by cosmic gamma rays.

IVO KOHLER (“Experiments with
Goggles”) is professor of psychology
and philosophy and director of the Insti-
tute for Experimental Psychology at the
University of Innsbruck. Born in Austria,
Kohler received his Ph.D. from the Uni-
versity of Innsbruck in 1941. At the end
of World War II he became assistant to
Theodor Erismann, then director of the
Institute for Experimental Psychology.
The results of their collaboration are dis-
cussed by Kohler in his article. Kohler

succeeded to his present post in 1956,
when Erismann retired.

CARLOS A. ALVARADO and L. J.
BRUCE-CHWATT (“Malaria”) serve
with the World Health Organization, the
former as director of the Division of

© 1962 SCIENTIFIC AMERICAN, INC

Malaria Eradication, and the latter as
chief of research and technical intelli-
gence in the division. Alvarado, born in
Argentina in 1904, obtained his M.D. at
the University of Buenos Aires in 1929.
He also holds diplomas in tropical medi-
cine and hygiene and a degree from the
Scuola Superiore di Malariologia in
Rome. Alvarado, who spent 24 years in
the national health service of Argentina,
was responsible for the planning and or-
ganization of the malaria-eradication
program in his native country. His re-
port on the problem of malaria in the
Americas prompted the Pan American
Sanitary Conference in 1954 to urge the
governments of the two continents to de-
velop their projects for controlling ma-
laria into projects for eradicating the dis-
ease. The following year Alvarado joined
the Pan American Health Organization
as chief of malaria eradication, and he
was appointed to his present post with
WHO in 1958. Bruce-Chwatt acquired
his medical degrees in Poland and did
postgraduate work in France, Britain
and the U.S. An officer in the Polish
army during World War 1II, he escaped
from German-occupied Poland and
eventually made his way to England,
where he joined the British army. From
the end of the war until he joined WHO
in 1958, Bruce-Chwatt worked in Ni-
geria with the Colonial Medical Service
and was in charge of the antimalaria pro-
gram there.

FREDERICK D. BENNETT (“Ex-
ploding Wires”) is a member of the staff
of the Ballistic Research Laboratories
at the Aberdeen Proving Ground in
Maryland. Bennett received his A.B. at
Oberlin College in 1937 and his M.S.
and Ph.D. in physics at Pennsylvania
State College in 1939 and 1941. After
two years of teaching at the University
of New Hampshire, Bennett worked
from 1943 to 1946 as a physicist in the
special projects laboratory at Wright
Field, spent a year at the University of
Mlinois and took his present job in 1948.
Bennett began studying exploding wires
in 1956 as a light source for interferom-
eters. This soon led to studies of the
shock waves, fluid dynamics and plasma
physics of such explosions.

MAURICE EWING and LEONARD
ENGEL (“Seismic Shooting at Sea”)
are respectively director of the Lamont
Geological Observatory of Columbia
University and a science writer. A geo-
physicist, Ewing received three degrees
from Rice Institute, including a Ph.D.
in physics in 1931. He taught geology
at Lehigh University from 1930 to 1943,



REVOLUTION
IN AUTOMATION!

For the first time, universal automation is prac- Simple electronic controls couple any number
tical! A revolutionary, “off-the-shelf” industrial of TransfeRobots together in synchronized
robot—the USI TransfeRobot—can operate on cooperation, and direct the operation of presses,
any production line under the direction of its riveters and other production line tools.
self-contained electronic brain. GRS O A wide variety of mechanical,
Versatile and dependable, the 4 pneumatic, magnetic and other
USI TransfeRobot performs virtu- u s . accessory fingers are available “off-
ally any repetitive task associated @ EEREETE the-shelf” to handle thousands of
with hand and arm motions. different components in any produc-
It is easy to teach the TransfeRobot a new task. tion situation.

A few simple cams and switches can be set for one TransfeRobots are now oiling clocks, ma-
operation today, an entirely different application chining automobile parts, assembling type-
next month, and still another next year. writers.

Write, wire or telephone to find out what USI TransfeRobots can do for you.

=i [J.S. INDUSTRIES. INC. auromarion ovisio

12345 New Columbia Pike, Silver Spring, Maryland STM

-
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HERE= -

IS a tiny incandescent
Indicator lamp that lasts
100,000 hours—and here

are six more Methuselahs

™

A~ Voa A P
£ & & |
682 685 718 A A A

683 715

2128

The 680 (top) is one of a new line of seven General Electric T-1
incandescent lamps that were developed for applications where
space is at a premium and service a problem. It has a design
life of more than 100,000 hours—about twelve years.

This line of lamps comes in two basic types. Three of
the T-1 lamps are equipped with solder dipped leads to
make them easy to join to circuits and are only 14” in diameter
and 14" long. The three based T-1’s have brass bases and are
only 3{s” in diameter and less than 34" long.

Because of their small size and long life, these General
Electric T-1 lamps are ideal as indicators in military hardware
and other instances where extreme reliability is necessary. For
complete information, call or write: General Electric Co.,
Miniature Lamp Dept. M-28, Nela Park, Cleveland 12, Ohio.

NO. | VOLT AMP DESIGN LIFE | CAND. POWER
682 | 50 | .060+10% | 100,000+ | .029 + 25%
685 | 50 | .060+10% | 100,000+ | .048 + 25%
718 | 50 | .115« 10% 40,000+ | .132 + 25%
680 | 5.0 | .060+10% | 100,000+ | .032 % 25%
683 | 50 | .060+10% | 100,000+ | .053 - 25%
715 | 50 | .115+10% | 40,000+ | .147 = 25%
2128 | 3.0 | .0125+20% | 100,000+ | .001 approx.

Progress s Qur Most Important Product
GENERAL @3 ELECTRIC
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joined the faculty of Columbia Univer-
sity the following year and in 1949 took
his present position as director of the
university’s Lamont Geological Observa-
tory. Engel attended Columbia Univer-
sity and the University of Chicago. He
took part in two earlier cruises of the
Vema in 1959 and 1960. His articles
have appeared in some 40 publications,
including Harper’s, The New York Times
Magazine and SCIENTIFIC AMERICAN.

ADRIAAN KORTLANDT (“Chim-
panzees in the Wild”) is senior lecturer
in animal psychology and ethology at the
University of Amsterdam. He studied at
the universities of Utrecht and Amster-
dam from 1936 to 1943, took part in the
Dutch resistance during the war years
and subsequently joined the Ministry of
Reconstruction and Housing. Kortlandt
began teaching part time at the Univer-
sity of Amsterdam in 1949 and in 1952
became a full-time staff member of the
university’s Zoological Laboratory. His
article is based on field work Kortlandt
did in 1960 in the Congo and West
Africa. Last year the International Union
of Biological Sciences adopted for con-
sideration Kortlandt’s proposal for the
establishment of an international labora-
tory of primate biology on a group of is-
lands in Kivu Lake in the Congo, which
would combine the advantages of field
conditions and the semicaptive condi-
tions of an open zoo.

ISAAC HARARY (“Heart Cells in
Vitro”) is associate professor at the Uni-
versity of California Medical Center in
Los Angeles. Harary acquired a B.A.
from Brooklyn College in 1945 and a
Ph.D. in biochemistry in 1952 from New
York University. As a Fellow of the
American Cancer Society, Harary did
research at the University of Chicago
from 1952 to 1955. He took his present
job in 1958, having served as assistant
director of the radioisotope research unit
at the Veterans Administration Hospital
in Long Beach, Calif., for three years.

ALBERT SZENT-GYORGY], who in
this issue reviews Edward Teller’s The
Legacy of Hiroshima, is director of re-
search at the Institute for Muscle Re-
search in Woods Hole, Mass. Before
coming to the U.S. from his native Hun-
gary in 1947, Szent-Gyorgyi was profes-
sor of medical chemistry at the Univer-
sity of Szeged from 1931 to 1945. His
work there, particularly that on vitamin
C and the catalysis of fumaric acid, won
him the Nobel prize for physiology and
medicine in 1937.



THURSDAY, NOVEMBER 13, 2026.
REMEMBER THIS DATE...IT'S DOOMSDAY

This Doomsday is nothing to scoff
at. It is not the work of crackpots.
It is a carefully considered esti-
mate published in Science maga-
zine by three serious scientists.

These men have been studying
the rate at which people have been
giving birth to people since 5000
B.C. Then they calculated ahead
and concluded that on November
13, 2026 the planet earth will con-
tain 50 billion people (current to-
tal: less than three billion). And
that, unless our world’s production
of food is stepped up immeasur-
ably, these people will almost cer-
tainly starve.

If our heaping dinner tables
make Doomsday seem absurd; if
our highly publicized crop sur-
pluses make the Starvation Age
seem remote, ponder this:

If those 50 billion future citi-
zens were invited to share our
plenty, they could eat their way
through America’s gigantic stored
surpluses in less than one day.

That’s the population explosion
you’ve heard about.

Cyanamid has heard about it,
too. That’s one reason why several
hundred Cyanamid scientists and
technicians are at work in a new
Agricultural Research Center—a
rolling, 640-acre laboratory-farm

= CYANAMID O

AMERICAN CYANAMID COMPANY

near Princeton, New Jersey.

There, they work, read, talk and

sometimes stare out at the coun-
tryside. They consider, as the au-
tos roll by, that New Jersey now
has 800 persons per square mile
(and so, incidentally, has Japan).
And that in 2026 it will have
10,000 per square mile (and so, in-
cidentally, will Japan). All of
which makes them search a little
harder for ways to match that
population explosion with a food
explosion.

These scientists know that agri-
cultural science must hurry. It
must replacetwo ears of cornwith
four, four chickens with eight,
eight hogs with sixteen.Thenthey
must do it again. And again.

The people of Princeton are
confident that they can do it. Al-
ready they are discovering which
nutrients produce the biggest,
healthiest livestock. They are
growing plantsinman-made, man-
controlled temperatures ranging
from arctic to jungle; in humidi-
ties ranging from desert to New
York in August.

They’rediscovering better ways
to cope with insects, too. Right
now, insects and disease eat or de-
stroy 80% of all the food we plant.
With fifty billion mouths to feed,

we really won’t be able to afford
that kind of free-loading much
longer.

Much progress has already been
made. Cyanamid’s AUREOMYCIN®
chlortetracycline has enabled a
farmer to bring a plump, tender
broiler to market in 6 weeks in-
stead of 12.

And much progress is being
made today. A new insecticide
called cYGON® dimethoate is stop-
ping our old friend musca domes-
tica, the common house fly, in his
tracks. Fly-free cows, science
knows, will grow fatter and give
more milk.

Cyanamid subscribes to the
often-ignored axiom: Look after
the future in the present. That’s
one reason for the new multi-
million dollar Princeton Agricul-
tural Center.

Another reason is that agricul-
tural research is sound, profitable
business. Good ideas that have
reached their time usually are.

This is the story of one research
effort by one Cyanamid division.
Eleven other divisions operate in
theUnited Statesand eighty-seven
foreign countries. Working to-
gether they create an atmosphere
charged with diversity, alertness,
and progress.

Agricultural / Building Products / Davis & Geck / Fibers / Formica Corporation
Industrial Chemicals / Lederle Laboratories / Organic Chemicals / Pigments
Plastics and Resins / Cyanamid of Canada Limited / Cyanamid International

© 1962 SCIENTIFIC AMERICAN, INC
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CAPABILITY IS A TOTAL—a sum of related facilities. It re-
quires a harmonious blend of skilled research teams,
disciplined production units, well-planned distributing
centers—all dedicated to the same capability goals.
[ General Cable has great and varied capabilities. They
result from a planned, balanced organization with wide
experience in producing wire and cable products for every
kind of application. Qur capabilities are always available
—for R&D as well as supply contracts of any scope
General Cable Corporation, 730 Third Ave., New York 17

GENERAL @ CABLE CORPORATION
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NEW COMMUNICATIONS PRINTER
REPORTS VITAL WEATHER DATA IN SECONDS!

Asynchronous*®

electronic message printer
combines reliability,
quietness

and high speed

" “.J'r:r.r-.\hap operat
the command of input data,

The S-C 3070 puts current preflight weather data in the
hands of pilots faster than ever before! The printer utilizes
an electrostatic process to produce highly legible, perma-
nent copy. The S-C 3070 is designed to operate at speeds
up to 3,000 words per minute using standard computer or
communications codes over telephone, telegraph and micro-
wave links. ® Compact dimensions and quiet operation
make the S-C 3070 ideal for communications or command
centers. Multiple copies of S-C 3070 output can be easily
obtained by using the original as a litho offset master or by
standard office copying methods. B Reliable, unattended
operation in the S-C 3070 results from the unit’s non-impact
printing concept and field-proven electronic circuitry. Re-
placement paper rolls can be loaded into the S-C 3070 with-
out interfering with message transmission. @ For additional
information on the S-C 3070, write to Dept. C-35 General
Dynamics | Electronics, P. O. Box 2449, San Diego 12, Calif.
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we probe new fields for ferrites . . .

...because magnetism is our business. One of the most significant recent achievements in our continuing research
is the development of permeability-stable ferrites for filter networks. This has contributed measurably to making possible 2,700

conversation channels on a single telecommunications circuit. B Today, our temperature-compensated cup core assemblies
used in filter networks are made to the most exact performance specifications in the industry. (We alone publish electrical

curves on all such cores —for 1 kc to 1.5 mc frequencies.) TC cores are a product of highly complex solid state reactions of
metallic oxides requiring precision temperature and atmosphere control previously considered impractical for high-volume
production. B Whatever your needs or questions in magnetic materials, we hope you'll feel free to call on us. To measure us
in terms of people, facilities, accomplishments, write today for “This is Indiana General," to Indiana General Corporation,

~ INDIANA GENERALE 3

o M

FERRITES MEMORY MINIATURE PERMANENT MAGNETIC
SYSTEMS MOTORS MAGNETS EQUIPMENT
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QUIET LIGHT. .. FOR APPLIED SCIENCE

With the development of the optical maser, or laser,
(Light Amplification by Stimulated Emission of
Radiation), new power has been given to light. For
example, although light beams have
been used for signaling since ( ‘
ancient times, they have been too 'O
weak and noisy for modern com- [~
munications. The laser makes it possible to produce
an intense, narrow beam of smooth light that will
carry an almost unlimited number of messages
over vast distances.

Communications is but one of many areas of science
in which the laser promises revolutionary changes.
The key to the development and success of lasers is
optics—in new forms and of unprecedented quality.

: Our capability in precision optics and its

. X application to the development of laser
i 4\ components and systems is another
‘ example of Perkin-Elmer leadership in

J | serving advanced technologies through
| scientific measurement and information.

The Perkin-Elmer Corporation, Norwalk, Connecticut.

VAV Perkin-Elmer

"'.A.
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TWIN-TURBINE TRANSPORT. Boeing Vertol Chinook is
most powerful helicopter in production. Capable of carrying 33
fully equipped troops or 24 litter patients, HC-1B Chinooks can
also airlift weapons and accommodate %i-ton Army trucks. Cabin
is 30 feet long, has rear-loading ramp which can be left open in

DYNA - SOAR space vehicle, now being de-
veloped, is shown in drawing separating from
Titan booster. Dyna-Soar vehicle is designed to
rocket into space, then re-enter earth’s atmos-
phere for piYot-controlled landing. Boeing is
system contractor for Dyna-Soar.

ANTENNA design and manufacture is another
Boeing activity. Capability covers scientific, mili-
tary and industrial antennas, including deep-
space tracking and radio telescope antennas.

42
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flight for air-dropping troops or supplies. Maximum payload is
more than seven tons. Chinooks cruise at more than 150
miles an hour. Sealed fuselage makes water landings possible.
Chinook HC-1B helicopters have been ordered by United States
Air Force for the Army, and are now in quantity production.

Capability has many faces at Boeing

CARGO JET. During recent Military Air
Transport Service airlift from McChord Air
Force%ase near Tacoma, Washington, to Frank-
furt, West Germany, Boeing C-135 cargo jets

| carried more troops and equipment in less than

half the time required by same number of
ropeller transports. C-135s averaged 10 hours,
5 minutes for the nonstop polar trip.

BOEING



Tropospheric Scatter Communication?

COLLINS

From Formosa, a Collins scatter system beams 12 voice channels 409 miles to a similar installation on Okinawa. And the
reliability exceeds telephone toll quality. This over-water link required Collins complete service: site survey, systems engineering,
equipment, construction, installation, test, maintenance and instructions. O Resistant to jamming and atmospheric distortion,
Collins scatter systems are ideal for long-hop voice and data communication, telemetry and remote control, and radar
and video relay. Up to 132 channels can be transmitted on a single RF circuit, using frequency division multiplexing. O A
pioneer in scatter propagation, Collins started a continuing research program in 1945 and since has been a leading supplier
of systems for industry and government. Users include telephone, petroleum and mining companies; military applications
include early warning, command-control, logistics and transportable tactical missile weapon communication systems. O Collins
scatter communication systems employ a basic modular concept providing common “building blocks” in the 1, 2, and 4
kmc bands with output powers to 10 kw for fixed station and transportable applications. O If distance, over-water paths,
rugged terrain, and communication reliability are your problems, call Collins Radio Company, ADams 5-2331, Dallas, Texas.

COLLINS

=
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COMPUTERS

IN THE
BILLIONTH

SECOND
RANGE!

What's new at RCA
is news in EDP

Opening the Way to a New Generation
of Data Processing Equipments

A future computer up to 100 times faster than today’s
computer . . . is now within the range of reality.

What makes possible such incredibly fast computers
for tomorrow ? It is the achievement of new, super-fast
computer circuits based on RCA’s tiny tunnel diode . . .
an ultra-small decision element, simple in construction,
economical to operate.

This advance was born of a far-reaching development
program in which RCA was assigned the task of
producing computer circuitry that would operate at
speeds hardly imagined five years ago. Today, RCA
has a variety of major circuit groups working in the
nanosecond* (billionth of a second) range! In accom-
plishing this, RCA has surmounted many obstacles in
miniaturization and high-frequency wiring techniques.

Here is another example of RCA’s engineering prog-
ress in EDP . .. another step toward a new revolution
in data processing, with important implications for
business, industry, government and sciences. It’s news
in EDP, it’s from RCA Electronic Data Processing,
Cherry Hill, Camden &, N. J.

*A nanosecond is to a second what a second is to 30 years!

|

REEEEN e T
b

‘COMPLETE 301 SYSTEM NOW AVAILABLE FOR AS LITTLE AS $3,315 PER MONTH!
Expansible to accommodate increased workloads . . . with high-speed magnetic
tapes, millisecond random access processing, large capacity core memory, simul-
taneous operations, dual line printers and punched card readers. And more!

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA

© 1962 SCIENTIFIC AMERICAN, INC




SCIENTIFIC

esablished 145 ATV RIC

May 1962

Volume 206 Number 5

The Shelter-centered Society

Eight social scientists reflect on the unprecedented effects

of a large-scale peacetime civil defense program and present

some urgent questions for the consideration of other citizens

ivil defense has been a topic of
C increasing public concern since
July 25 of last year, when Presi-
dent Kennedy, in an address to the na-
tion on the Berlin crisis, called for the
preparation of shelters against the local
fallout that results from a nuclear ex-
plosion on the ground. Most public dis-
cussion—for example, the hearings and
debates on civil defense legislation in
Congress—has focused on whether fall-
out shelters would be useful during and
after a nuclear attack. There has been
little examination of the possible effects
that the creation and operation of a
shelter-centered civil defense system
might have on U.S. society during
peacetime. It is apparent, however, that
these effects must be reckoned with,
whether or not the usefulness of the
system is ever tested.

In January the Peace Research Insti-
tute, a nonprofit organization headed by
James ]. Wadsworth, former Permanent
U.S. Representative to the United Na-
tions, brought together a group of social
scientists to consider this aspect of the
proposed civil defense system. The con-
ference is one of a number of projects
recently undertaken by the Peace Re-
search Institute to stimulate scientific
research concerning ways to further the
cause of peace, in the same fashion that
research has been effectively used in re-
cent years in support of the arms race.

The conferees [see Editor’s Note at
bottom of oppesite page] prepared
themselves by studying a number of
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background papers and documents; they
were briefed, in the course of their delib-
erations, by officials of the National Se-
curity Council and the Office of Civil
Defense and by experts from the Insti-
tute for Defense Analyses. In addition
to their basic knowledge of social theory
and of experimental findings in their
fields of learning, the conferees brought
to their study such special data as re-
cent observations of overseas reactions
to the U.S. civil defense program, scien-
tific surveys of U.S. public opinion and
locally observed reactions among stu-
dents, patients and the general public.

On one conclusion the conferees felt
they could confidently agree: The exist-
ence of a shelter-centered civil defense
would be a wholly new departure in U.S.
history. Because the prospect is without
precedent they did not attempt to pro-
duce ironclad predictions of what would
happen. They sought rather to define the
problems that are likely to develop. As
the product of their work together, the
conferees issued not conclusions but a
series of questions. They shared unani-
mously the sentiment that the questions
are urgent and that action taken without
careful consideration of these questions
might lead to irreversible and disastrous
consequences.

The civil defense program, the con-
ferees agreed, portends an unprece-
dented departure in U.S. life because it
implies major effects on our society as
a whole. In official statements the pro-
gram is described as “minimal insur-
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ance” against the “unlikely” event of a
nuclear war. Because of its uniquely
potent psychological and social appeal
to survival instincts, however, it would
be extremely difficult to limit the pro-
gram to any predetermined minimum.
A drive for continuous expansion of
the program—a drive far more powerful
than the usual pressures to expand, for
example, Social Security—threatens to
press constantly on the decision makers.
Once having promised survival to some,
they would soon have to meet all objec-
tions of inadequacy or noncoverage by
broadening the program geographically
and by improving its quality. To inspire
any hope of effectiveness in war, civil
defense must be able to call forth vir-
tually universal teamwork. Since failure
in any of a number of crucial tasks could
gravely impair the operation of the sys-
tem, the program must instill in all
Americans a wholehearted willingness to
carry out difficult orders on short notice.
It would require the training of a large
cadre of men and women to a fine pitch
of elaborate knowledge and total dedi-
cation, and the training of the rest of the
population for unquestioning obedience
in a crisis.

All the evidence from the experience
of the armed forces indicates that such
“training” comes not from reading text-
books or instruction posters but from
actually rehearsing crisis behavior. Civil
defense would require whole detach-
ments of civil defense workers to go into
and stay in shelters, whole populations to



unlikely. They agreed that those people
who were committed to supporting dis-
armament before the call for civil defense
might take the call as a signal for des-
perately intensifying their previous ef-
forts. For almost everyone else civil de-
fense and disarmament are what isknown
in social psychology as “dissonant”;
that is, civil defense fits into a view
of the world in which negotiation has
failed and war is looming, whereas dis-
armament fits into a view of the world
in which negotiation seems possible and
war seems avoidable. Confronted by the
physical reality of shelters such popular
support as there is for disarmament
might weaken and wane. In other words,
the shelters themselves might be sym-
bolically even more threatening to hopes
of disarmament than the call for civil
defense.

Meanwhile there is some evidence to
suggest that the civil defense program
might have the unintended effect of re-
stricting the area open to the U.S. Gov-
ernment for negotiation. Public opinion
surveys, conducted by the Survey Re-
search Center of the University of
Michigan, have already shown that the
President’s call for civil defense, regard-
less of what he intended, was widely
accepted as a warning of intense and
immediate danger of war (“Why else
should he want us to do this?”), a warn-
ing that negotiations with the U.S.S.R.
were not working. Might not the popular
anxiety aroused by this “signal” lead to
popular belief that negotiations cannot
succeed? Since a real civil defense pro-
gram is not just paper but underground
buildings and training programs that
persist over long periods, might the hos-
tility to negotiation also persist into
periods when the Government would see
a possibility of resolving previous crises?
If so, the ability of the Government to
negotiate might be severely impaired by
anxiety among the people.

[*rie Bronfenbrenner of Cornell Uni-
‘ versity was able to report, on the
basis of his recent trip to the U.S.S.R.,
that many Russians, plain citizens as
well as officials, see in the U.S. civil de-
fense program a threat of war. Thus,
regardless of the carefully qualified re-
marks of the President in his call for civil
defense, the call was seen in both the
U.S. and the U.S.S.R. as a signal that
war was near, that negotiations were
failing, and in each country as evidence
that the other was threatening aggres-
sion. The dangers of such an atmosphere
are obvious.

The creation of civil defense will
bring to life in every nook and cranny
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of the nation special institutions eco-
nomically dependent on and deriving
their power and prestige from a civil de-
fense program: Government agencies,
private builders and suppliers, a cadre
of trained shelter managers, and so on.
Even if not a single individual in these
groups directly or deliberately attacked
the notion of negotiating with an ad-
versary, might not the mere existence of
these groups immensely complicate the
task of working out a plan for general
disarmament that would not disrupt
U.S. society?

Investigators in social psychology sug-
gest that the existence of an omnipres-
ent, persistent and highly visible symbol
of one line of action might distract at-
tention from other, parallel and alterna-
tive lines of action that lack such a sym-
bol. Thus fallout shelters on a national
scale might constantly call attention to
nuclear war as the technique for con-
ducting international conflict. Both pro-
ponents and opponents of civil defense
might tend to concentrate on nuclear
dangers and their mitigation instead of
trying to discover alternatives to the use
of nuclear weapons, such alternatives as
“conventional war,” political and eco-
nomic pressure, tension-reducing ini-
tiatives or the invention of international
institutions for conflict control.

The proposed civil defense program
raises corresponding questions about
this country’s relations with its allies and
neutral nations. Through civil defense
the American people would in effect be
searching for a way of survival for them-
selves and would tacitly be abandoning
non-Americans to die if nuclear war
should come. Among U.S. citizens the
civil defense program might produce
feelings of isolation from and lack of in-
terest in the rest of the world. Among
even the most friendly peoples the pro-
gram might be taken to mean that the
U.S. had withdrawn from its undertak-
ing to promote the interests and the
defense of its allies. From a recent visit
to Japan, David Riesman of Harvard
University was able to report that many
people in that country feel considerable
uneasiness over the U.S. shelter program
and fear that it may indeed symbolize a
turning inward of U.S. interests and
policy. If this response should become
more widespread, it might be seized on
by some Americans as evidence of the
unreliability of allies who could be so
easily annoyed by American attempts at
self-protection. Therefore the possibility
exists that feelings of isolation in the
U.S. could feed on feelings of isolation
from the U.S., the two processes being
constantly reinforced by progress in the
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civil defense program and culminating
in substantial alienation of the U.S. from
its friends and allies.

Just as civil defense might affect the
course of American foreign policy, so
it might change the ways in which the
country’s traditional democratic proc-
esses work at home. If mobilization of
total support and participation should
become a goal of the program, would not
the civil defense organization be im-
pelled to invade the privacy and liberty
of individuals? There is the great danger
that teachers, clergymen, editors, civil
servants and other leaders of opinion
would be required to become enforcers
of official policy on civil defense—in the
assumed best interests of those coerced.
What if some teachers, clergymen, edi-
tors and civil servants should disagree
with the policy? Would they be punished
for encouraging “shelter dodgers” as
they would be if they incited draft dodg-
ers? Although no such official pressures
have yet been exerted, it is disquieting
to hear reliable reports from New York
City that some high school students who
refused to participate in shelter drills
have been refused recommendations for
admission to college.

It is possible that the “confusion” that
has marked the civil defense effort so
far is in reality a kind of unconscious
civilian resistance to the half-understood
possibilities of enforced conformity. Ci-
vilian doubts, hesitancies and ambiva-
lences may be having a “last fling” in
anxious anticipation of the absolute
unanimity and centralization that might

SHELTER DRILL is conducted from time

to time in the Norwalk, Conn., elementary



Ppractice responding to emergency sig-
nals, whole cities to drill on a winter
might. The demand for disciplined
-<obedience to authority extended to the
-entire population would be entirely new
in U.S. life. Indeed, in virtually no so-
-<i.tv is there any precedent for main-
taining a large portion of a civilian
population over a long time in trained
readiness for a threatening event with
a low probability of occurrence.

Proponents of civil defense have made
a virtue of the need for such co-ordina-
tion of sentiment and action and have
argued that by making the danger to
ssurvival obvious to all, the shelter pro-
gram would enhance a national sense of
<community. But the conferees, on the
‘basis’ of sociological evidence from the
‘past, were unanimous in the doubt that
feelings of community would be thereby
reinforced. People working together to
face danger perceived as equally threat-
ening to all, in a civil defense program
‘perceived as equally protective of all,
might well have their community soli-
darity strengthened. But the danger of
attack weighs differently on different
-Americans, the prospective usefulness of
sshelters is vastly different in different
situations, and the work of building and
operating shelters would actually be
done by different agencies working
along different lines at different levels
of expense and with different chances
of success or failure. In these condi-
tions the evidence suggests that existing
stresses and strains in the community
‘would be amplified.

Already the civil defense effort has
sstrained the web of community. Some
people have concluded that shelters
(private or public) would be useless to
them unless they were prepared to limit
‘the number of occupants to those whom
‘the shelter could physiologically sup-
port. They have therefore announced
‘their intention of excluding neighbors,
«or people from the next block, or stran-
gers from the next county, or casual
“visitors to town, from the family or com-
‘munity shelter. Suburbia has been
pitted against city, one state against an-
«other. These strains cannot be expected
‘to disappear. It is indeed likely that they
would worsen as cities realize how vul-
merable they are to attack, as racial and
ethnic groups compete for space in and
access to community shelters, as farmers
renlize that refugees from the cities will
deplete their food stocks.

From the point of view of the individ-

ual, the conferees agreed, the an-
nouncement of the civil defense pro-
gram represented simultaneously a high-

ly authoritative threat of personal death
and social destruction and a promise that
there is a way to meet this threat. Even
a program announced as “minimal in-
surance” against an “unlikely war” sig-
nals to people that the danger is high
(“Otherwise, why the program?”) and
that safety is possible (“Maybe not for
other people, but for me”).

It might seem that the threat is ac-
tually posed by the existence of nuclear
weapons rather than by a shelter pro-
gram. In people’s minds, however, it is
the civil defense program that spells out
the danger. The call for civil defense is
seen as a warning that war is highly pos-
sible and imminent; the physical trap-
pings of civil defense make a visible and
immediate impact on local and family
affairs. In comparison the distant and
half-realized military arsenal is a much
less potent symbol of danger. At a still
more distant remove is the outside
military threat, which can be ignored,
denied or suppressed in one’s mind.
Civil defense, however, is immediately
visible, tangible and unavoidable.

The probable effect of this powerful
threat and promise is to bring about
three distinct reactions in the popula-
tion. First, the threat generates anxiety
in almost the entire population. Second,
the promise of some protection provides
a considerable amount of relief from the
anxiety. It goes without saying, however,
that the relief cannot fully or perma-
nently offset the anxiety. The relief de-
pends on sustained conviction that the
shelter program is adequate, whereas the
anxiety can disappear only if the threat
disappears. Contradictory as they are,
these two reactions are likely to be con-

founded by a third reaction. Among
some people—an unknown proportion of
the population—the civil defense pro-
gram is bound to stir a dark attraction
to the world of which civil defense is a
warning: a world wiped clean of com-
plications, ambiguities and dissension.
The coexistence in the population of
deep anxiety, precarious hope and an
obsessive concern with violence and
death would constitute a new situation
for U.S. society.

This analysis of the impending impact
of civil defense on American life sug-
gestsa number of urgent questions. Iirst
among them is the question of whether
or not a commitment to the proposed
program will tend to restrict the U.S.
Government’s freedom to negotiate with
Communist governments. In the long
run such a development would make it
more likely that conflicts between the
U.S.S.R. and the U.S. would lead to
the use of force.

It is conceivable that public opinion
might come under the sway of intense
and uncontrolled hostility to the idea of
negotiation with Communist states. Such
hostility could result from the public’s
interpreting civil defense to mean that
an enemy threatens imminent death to
home, neighborhood and nation. Against
this prospect it is sometimes argued
that the shock and immediacy of a civil
defense program might bring home to
Americans the possibility and the peril
of a nuclear war and thereby increase
interest in and devotion to negotiations
toward such goals as mutual disarma-
ment. It was the unanimous judgment
of the conferees, however, that a reac-
tion in favor of disarmament is extremely
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be required if civil defense became a
paramilitary organization of the entire
population. Since the doubts and confu-
sions themselves interfere with civil de-
tense, they may themselves bring about
more effort to eliminate the doubts and
to control their expression more tightly.
Thus the fears of centralized control
could help to bring such control into
force. To prevent this kind of repressive
process from beginning or continuing—
if it can be prevented at all—would take
an understanding of the problem on the
part of citizens and Government officials
and a careful re-examination of the
whole situation to locate the points at
which the process could most effectively
be halted.

These problems might be compound-
ed if the peculiar imagery and symbol-
ism involved in civil defense attracts
particular personality types into leader-
ship of civil defense organizations. Such
special groups of people might be be-
nign; for example, they might well in-
clude protective individuals, committed
to saving, helping and nursing their fel-
low human beings in time of disaster.
But the image of a world of death and
destruction might act as a kind of “por-
nography of violence” to attract people
to civil defense work who “want to get
it over with”—who see nuclear war as
a relief of intolerable tensions and as a
way of “ending” international conflict—
or who see themselves as survivors and
rulers in a world where affluence and
internal bickering had given way to pio-
neer exertions and tightly controlled or-

schools. These pupils are first-graders at the Tracey School. The
children march out of their classrooms and line up along the walls

der. In fact, civil defense publications in
certain localities suggest that people
with these kinds of personality structure
have already begun to dominate some
local civil defense organizations.

The combined promise of life and
warning of death put forward by civil
defense involves such strains in indi-
vidual hopes and fears that any failure,
mistake, corruption or delay in the pro-
gram might have far more basic conse-
quences than even total collapse of an
ordinary political proposal. There is a
disturbing prospect that widespread dis-
illusionment with the political leader,
the scientist and the expert and even
democratic government itself could grow
out of a civil defense program.

Since there is a considerable “cultural
lag” in translating new knowledge of
weapons effects into new civil defense
procedures, in transmitting the new pro-
cedures to local civil defense officials,
and in putting the new procedures to
work, there might exist at any time a
publicly known gap between the need
and the program. Such a gap might well
provoke anger and disenchantment in
citizens who knew that it might mean
their death. The anger and disenchant-
ment might be deep enough and broad
enough to exceed the normal amount of
disapproval felt by free peoples toward
democratic governments.

For example, a leading businessman
could be asked by his local civil defense
director to make expensive alterations in
his building at the very moment when
the same businessman hears from his
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Washington sources that these altera-
tions are out of date and that specifica-
tions may soon be changed. Should he
go ahead with the alterations or not? In
either case, what would he and the local
civil defense director think of the Fed-
eral Government? Since Federal officials
will have recognized this difficulty,
would they hesitate to keep the civil de-
fense program up to date for fear of
destroying morale? If they should decide
to maintain an out-of-date program,
what would happen to their own morale
and self-respect?

Finally, it should be pointed out that
in civil defense, as in every program in
any society with any form of govern-
ment, sooner or later there are sure to be
mistakes, instances of corruption and so
on. In most public programs people take
such occasions in their stride (although
in the U.S. they have sometimes led to
dangerous contempt for politics and
politicians). In a program that would be
as deeply tied to national and personal
life or death as civil defense, any fall
from grace might provoke a much more
serious revulsion against political lead-
ers and possibly even against democratic
politics. Similarly, the image of the sci-
entist and the expert might suffer badly
if the presumed experts disagree pro-
foundly on what nuclear war could mean
or urge a program of civil defense that
is later shown to be ineffective. Since
the scientist is perceived as the ranking
“expert,” disenchantment with him
might generalize to disbelief in Govern-
ment experts of all kinds. And cynicism

of an interior corridor. They sit on the floor, head down and hands
clasped behind neck for protection against a nuclear explosion.
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among Government officials, if they pri-
vately see mistakes, failures, inadequa-
cies and delays in so crucial a program,
might still further sap belief in democ-
racy and might make corruption or
apathy more likely.

Of all the questions raised by civil
defense, the conferees agreed, the
most troublesome and dangerous is the
question of how the commitment, once
made, could ever be limited or reversed.
A shelter-oriented civil defense system
will of necessity create a large, highly
organized institution with crucial con-
nections in every area of American life.
The civil defense hierarchy—Federal,
state and local—will be carrying the
heavy burden of training a large cadre
of shelter managers and survival special-
ists. The trained cadres in turn will have
the task of training large groups of peo-
ple to follow orders in a hurry at a time
of catastrophe and crisis, in spite of their
anxieties, fears and lack of information.
The civil defense organization will have
to insist on the economic adjustments
and controls necessary to implement and
operate a shelter program without un-
settling either long-range business in-
vestments or day-to-day business where
shelters are being dug or buildings mod-
ified. If the civil defense organization
should attempt to supply only shelter
structures and other physical necessities,
fearful of involvement in educational,
psychological or economic problems, it
is likely that local demands for drills,
training and controls will quickly arise
as the shelters themselves appear. The
very existence of the civil defense sys-
tem will make it a social force of great
importance, powerful even if it abjures
pOVVeI‘r
As the shelter program grows, propo-
nents and administrators of civil defense
might become more preoccupied with
imagined attack situations. They might
feel that in the overwhelming emergency
of attack it will be necessary to have ful-
ly co-ordinated action in order to use the
shelters efficiently. Individuals who have
not learned their places and tasks—who
in panic block shelter entrances, who for-
get to take along essential personal medi-
cines or who bring along too much lug-
gage for the available space—will be en-
dangering not only their own lives but
also the lives of others. For this reason
the civil defense organization will find
itself more and more pressed to demand
virtually universal acceptance of civil
defense and preparation for it.
The social, psychological and political
momentum generated by an operating
civil defense system would therefore
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make it increasingly impossible for the
uation to change its mind once the
program was under way. The pro-
gram would be much harder to reverse
than most political decisions. One well-
established social and psychological
mechanism that might make civil de-
fense irreversible is the common trans-
formation of conflict and confusion into
rigid and overwhelming commitment.
The puzzlement and disagreement that
will have preceded adoption of a civil
defense program might bring about such
a commitment to the program as it goes
into effect. Having cast its doubts away
and invested huge amounts of labor,
capital, energy and imagination in civil
defense, the nation might find it diffi-
cult to surrender the hope of survival
through the new program. Once it acts
for civil defense, the nation would find
itself seeking constantly for new reasons
to be so acting. This phenomenon—the
bringing of ideas and wishes into line
with action already being taken—is well
known to behavioral scientists and poli-
ticians.

With the continued escalation of the
destructiveness and accuracy of nuclear
weapons and their delivery vehicles, it
would be difficult to resist demands for
constant expansion and intensification of
civil defense. At any extreme—even un-
derground cities—civil defense would be
inadequate against many conceivable
weapons (some already in existence)
that could be brought against it. Thus
at any existing level of civil defense vari-
ous groups (for instance, the political
opposition) might be able to demand
a larger and more effective program. A
system of escalating political blackmail
could well develop. Such pressure would
be difficult to resist if the Government
had already implied that it could pro-
tect at least some people. With the pres-
sure always in one direction, the civil
defense program might be always ex-
panding, never contracting.

The difficulty of reversing policy on
civil defense can be made clearer by
examination of the conditions in the
past under which some major political
decisions have actually been reversed
by the U.S. political system. The aban-
donment of the National Industrial
Recovery Act in the early days of the
Roosevelt administration seems to have
been one such reversal. But two crucial
conditions accompanied that episode:
it was legitimized by an institution
specially assigned to make such rever-
sals, the Supreme Court; and it was
made palatable by the adoption of a
series of alternative New Deal programs.

The fulfillment of these two condi-
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tions in the case of civil defense would
be difficult. In matters of defense policy
it is hard to see how any outside institu-
tionalized body, such as the courts,
could reverse the decisions made by the
President and Congress. In fact, the de-
cisions of the President in the field of
defense have since 1940 been given such
weight that it is difficult to tell whether
a real option for reversal would exist
even in the hands of Congress. As to al-
ternatives, it has already been suggested
that disarmament, for example, could
probably not mobilize as much support
within a shelter-centered society as it
could before shelters were begun. Al-
ternatives may therefore be hard to pro-
mote even should it seem wise at some
later date to dismantle the civil defense
program.

l n thus detailing the questions raised by

- civil defense, the conferees did not
suggest that a policy of no civil defense
would be without problems. The anxiety
aroused by the cold war and its crises,
by nuclear weapons and the images of
the destruction they would deliver al-
ready exists in the U.S. To do nothing
would not reduce the anxiety, and to do
nothing might well lead to problems
other than those herein described as
possible results of implementing civil
defense.

Whether the appropriate action
should be a search for alternatives to
civil defense or a search for ways of so
managing civil defense as to lessen or
eliminate its difficulties is for the nation
to decide. What is essential is that the
problems that might very well grow out
of civil defense be examined carefully
and that policy be re-evaluated so that
the nation need not be confronted by a
world in which the possible difficulties
have become real disasters.

The conferees therefore put to the
American people and its leadership these
questions:

Are we prepared to accept the possi-
bility that unhappy social and political
consequences will occur if the proposed
civil defense program is implemented?

If we reject the possibility that ad-
verse consequences will develop, on
what grounds do we do so and with
what assurance that we are right?

If we are not prepared to accept un-
happy consequences, are we prepared to
recognize the difficulties consciously and
apply the arduous study that would be
necessary to discover if ways exist of
avoiding those consequences?

If, after study, there seems to be no
way of avoiding the unhappy results, do
we have alternative policies in mind?
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FALLOUT-SHELTER TEST run by the Navy last winter involved
100 men, who stayed in an underground steel and concrete shelter
for two weeks. Ventilating fans supplied filtered air. The sailors

ate emergency rations and spent the time sleeping, reading, playing
cards and Scrabble. The test was designed to study the physical
effects of long confinement underground in cramped quarters.
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GAMMA RAY ASTRONOMY

An ingenious te]esvol)e m a satellite has provided the first view

of the universe at the shortest wavelengths of the electromagnetic

spectrum, This historie ghmpse 1S supphed I)y just 22 gamma rays

by William L. Kraushaar and George W. Clark

he radiations that reach the earth
I from outer space include photons,
electrons, protons and neutrinos—
in short, all the stable elementary parti-
cles known to physics. To this list of four
particles (seven if the antiparticles of
the electron, proton and neutrino are in-
cluded) one must add the bare nuclei
of atoms heavier than hydrogen, which
also originate in space and constantly
bombard the earth’s atmosphere. The
broad task of astronomy is to exploit all
these forms of incoming energy and
matter to build up a comprehensive pic-
ture of the universe.

The photon, in the form of light and
ultraviolet radiation, and more recently
in the form of radio waves, has provided
astronomers with almost everything they
have learned so far. Within the past
year or so the merest glimpse has been
obtained of the universe as revealed
by the very-high-energy photons called
gamma rays. The glimpse has been
provided by fewer than 100 energetic
photons, recorded by a gamma ray
“telescope” carried into orbit on April
27, 1961, by the artificial satellite Ex-
plorer XI. It is doubtful whether such a
small number of particles has ever be-
fore been analyzed so intensively in an
effort to extract information about the
universe. The analysis is still continu-
ing in our laboratory at the Massachu-
setts Institute of Technology, and the
entire sample of events that we are pre-
pared to discuss numbers only 22. Even
this minuscule sample seems to be
enough to rule out one version of a theo-
retical model of the universe.

Broadly speaking, the radiations that
reach the earth from space are of two
types: electrically charged and electri-
cally neutral. The charged radiations,
commonly lumped together and called
cosmic rays, are mostly the nuclei of
hydrogen (protons) and of other atoms,
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with a small admixture of electrons.
Because of their charge cosmic rays do
not travel in straight lines but follow
helical paths that twist around the lines
of magnetic force throughout the galaxy.
It is therefore impossible to identify
where in the galaxy, or where outside it,
charged particles originate. The neutral
particles (photons and neutrinos) are
totally unaffected by magnetic forces;
consequently it should be possible to es-
tablish their place of origin. For the
photons of light a conventional tele-
scope serves nicely. For photons of
radio energy the problem is more dif-
ficult: the sky must be scanned point by
point with a large directional antenna.
In the picture of the sky that can be built
up from radio observations objects that
are bright to the eye or to a photographic
plate are often virtually invisible. Many
objects that are faint at the wavelengths
of light, on the other hand, shine bril-
liantly at radio wavelengths, and the en-
tire band of the Milky Way glows with
a diffuse radio emission from the tenu-
ous matter in interstellar space. What
can one expect to “see” in a picture of
the sky constructed from directional ob-
servations of photons having the wave-
length of gamma rays? And what can
one hope to learn?

The gamma rays of greatest interest
to us are those with energies above 50
million electron volts (Mev), and their
special significance lies in the special con-
ditions under which they are produced.
They are created, for the most part, when
high-energy particles collide with other
particles. Probably the most impor-
tant source of high-energy gamma rays
is the process that occurs when a high-
energy proton strikes either another pro-
ton or an atomic nucleus and produces,
among other things, one or more neutral
pi mesons, or pions. These are unstable
particles that decay into a pair of gam-

© 1962 SCIENTIFIC AMERICAN, INC

ma rays, each with a minimum energy of
72 Mev. Since the pion is usually mov-
ing at high velocity as a result of its
violent birth, the gamma rays are pro-
jected forward in a V [see top of illus-
tration on opposite page]. This collision
process gives rise to gamma rays with a
broad spectrum of energies, reflecting
the energies of the incident protons.

If the incident proton has an energy
greater than a few billion electron volts
(Bev), it can create not only pions but
also a nucleon-antinucleon pair, either
a proton and an antiproton or a neutron
and an antineutron. The particles in a
pair produced by a particular collision
usually fly off in different directions, but
eventually in traveling through space
the antinucleon will encounter another
nucleon and the two will annihilate each
other. The annihilation process creates
several pions, including as a rule one
or more neutral ones. The neutral pions
quickly decay into gamma rays.

If antimatter exists in the universe
apart from its production in high-energy
collisions, it too can be expected to pro-
duce annihilation reactions and there-
fore gamma rays. The existence of large
amounts of antimatter is predicted by
one “steady state” model of the universe,
in which it is assumed that matter and
antimatter are being produced continu-
ously in equal quantities.

Still another source of high-energy
gamma rays is the deflection of high-
speed electrons and positrons when they
pass close to an atomic nucleus. An
electron, being negatively charged, is de-
flected toward the positively charged
nucleus; a positron is deflected away
from it. In either case the change of
direction causes the particle to emit a
photon approximately in the direction of
its line of flight before deflection. These
photons are called Bremsstrahlung,
which means “braking radiation.” The
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EXPLORER XI carried into orbit the gam-
ma ray telescope built by the authors and
G. Garmire. The telescope is located at the
top of the satellite behind the solar cells.

energy of the resulting gamma ray varies
with the energy of the electron and
how close it passes to the nucleus;
in some encounters almost the entire
energy of the electron is transferred
to the photon. Although Bremsstrahlung
and nucleon-antinucleon annihilation
are possible processes for cosmic gamma
ray production, our estimates show that
the process mentioned first—direct pro-
duction of neutral pions in high-energy
proton-proton collisions—is by far the
most important.

From astronomical and other observa-
tions it is possible to make reasonable
predictions about the number and en-
ergy distribution of gamma rays that
strike the earth’s upper atmosphere, and
these predictions serve to guide the ex-
perimental approach. It is known that
cosmic rays bombard the atmosphere
from every direction (after due allow-
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ance is made for those that originate in
the sun). This, together with evidence
from radio astronomy, suggests that cos-
mic rays populate the galaxy more or
less uniformly. Consequently they should
produce gamma rays everywhere at
about the same rate. If this is not con-
firmed by actual observation, an explana-
tion must be provided. For example,
local concentrations of interstellar dust
and gas would make cosmic ray colli-
sions more probable and lead to “hot
spots” in the gamma ray map of the sky.

7hen we and others estimated the
flux of gamma rays reaching the
earth from space, we found it discour-
agingly low. We calculated that an ap-
paratus small enough to be placed in a
balloon or a satellite would count about
one gamma ray an hour. A balloon ex-
periment seemed most unpromising be-
cause there would be no way to distin-
guish between gamma rays originating
in the galaxy and those produced when
cosmic rays strike atoms in the atmos-
phere above the balloon. The important
quantity in these flux estimates is the
total number of cosmic-ray-bombarded
gas atoms in a column starting at the
detector and extending out into space.
In the vicinity of the solar system a col-
umn one square centimeter in cross sec-
tion extending to the limits of the galaxy
would contain about 1022 atoms of hy-
drogen. But at typical balloon altitudes
the number of atmospheric atoms still
above the detector would be at least
102, This meant that a balloon-borne
instrument would “see” 100 or more at-
mospherically produced gamma rays for
every galactic gamma ray and would be
powerless to distinguish between them.

Nevertheless Thomas Cline, formerly
of our laboratory, did undertake a bal-
loon experiment in 1957. One of his
objectives was to look for discrete high-
intensity gamma ray sources comparable
to the discrete sources of cosmic radio
waves. If a gamma ray telescope were
aimed at a high-intensity source, the
source might produce a significant in-
crease in the counting rate, over and
above the high rate expected from the
collision of cosmic rays with atoms
of air. In 1960 Cline’s telescope was
flown at an altitude of 110,000 feet. In
the small part of the sky his telescope
scanned, no discrete gamma ray sources
were detected, and the unfavorable flux
calculations were confirmed.

In 1958 our laboratory was given the
opportunity to design a gamma ray in-
strument to be placed aboard one of the
Explorer satellites. The operation of the
detector, designed by us in collabora-
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tion with G. Garmire, is best explained
with the help of the diagram on page
58. Being electrically neutral, gamma
rays cannot be detected directly. They
can be detected indirectly, however, be-
cause an energetic gamma ray will
readily produce an electron-positron pair
if allowed to interact with the strong
electric field of an atomic nucleus. The
electrically charged electron and posi-
tron can then be detected by a number
of methods. In our instrument an incom-
ing gamma ray is quite likely to produce
an electron-positron pair when it enters
a scintillation detector consisting of a
sandwich of cesium-iodide and sodium-
iodide crystals. The creation of a pair is
accompanied by a pulse of light that is
detected by a photomultiplier tube.
One or both members of the pair,
which are thrown forward in the direc-
tion of the parent gamma ray, continue
tvhrough the instrument and enter a
Cerenkov counter, which consists of a
block of clear plastic. A charged particle
will generate a cone of light—called
Cerenkov radiation—if it travels in a
transparent substance faster than light
travels in that substance. In our instru-
ment Cerenkov radiation in the plastic
is detected by photomultiplier tubes. Co-

CONE OF VIEW of the gamma ray tele-
scope forms an angle of 17 degrees with the
central axis of the instrument. A gamma ray
arising anywhere in this cone may reach the
telescope, but the likelihood of its actually
doing so falls off as the square of the dis-
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incidence circuits establish when a flash
inthe cesium-iodide—sodium-iodide scin-
tillation detector has been followed
e}lmost immediately by a flash in the
Cerenkov counter. There is a high proba-
bility that gamma rays entering the in-
strument within 17 degrees of its axis
will produce such a dual flash. Gamma
rays entering more obliquely will not.
This coincidence circuit is triggered
about once a second by the relatively
large flux of cosmic rays (chiefly pro-
tons) that continuously bombard the
instrument. The two central detectors,
therefore, are surrounded at the front
and on the sides by a scintillating plas-
tic that serves as a “veto” counter to
distinguish the signals produced by cos-
mic rays from those produced by gamma
rays. The veto counter readily responds
to charged particles but not to gamma
rays. There is only a small probability
that a gamma ray will produce an elec-
tron-positron pair in its journey through
the light elements (carbon, oxygen and
hydrogen) of which the veto counter is
made. (The probability of pair produc-
tion is proportional to the square of
the atomic number. For cesium, iodine
and sodium these numbers are respec-

tively 55, 53 and 11; for oxygen, car-

tance. The cone’s cross-sectional area, however, increases as the
square of :the distance, so the contribution of gamma rays from a
given plane (B) is the same as from a plane (4) half as remote
(assuming equal production in both planes). As a result the gamma
ray flux at the telescope is simply proportional to the number
produced in a column of uniform cross section extending from the

bon and hydrogen they are 8, 6 and 1.)

To sum up, the central counter and
the Cerenkov counter make up a “tele-
scope” in the sense that when a charged
particle traverses the instrument from
the forward direction, the two counters
respond simultaneously. If the cause was
an incident charged particle, the veto
counter also responds and wipes out the
record of the simultaneous event. But if
the incident particle was a gamma ray,
the veto counter does not respond, and
a signal is telemetered to earth giving
an indication of the energy lost by the
electron-positron pair that activated the
central scintillator.

For our telescope to provide even a

rough survey of the gamma ray in-
tensity of the sky, it would have to point
in many different directions during its
few months of operating life. Deliberate
orientation of the instrument was out of
the question for a satellite weighing
only 82 pounds. That the scanning prob-
lem could be solved automatically was
pointed out to us by James E. Kupperian,
who co-ordinated the entire Explorer XI
project, and Charles A. Lundquist, both
of the National Aeronautics and Space
Administration. The last stage of a

Juno II rocket vehicle, which would car-
ry our gamma ray telescope, goes into
orbit spinning around its long axis at a
rate of about 340 revolutions per minute.
The spinning is intended to keep the
satellite pointing at a fixed angle in
space. If, however, the satellite has a
long and thin body—more or less pencil-
shaped like ours—this spinning motion
itself is unstable. Experience with early
funo II vehicles had shown that after
several days the satellite begins to wob-
ble like a top that is slowing down. The
wobble increases and soon the satellite is
tumbling slowly in a flat plane around
its transverse axis. Thereafter magnetic,
gravitational and air-drag forces precess
the tumble plane roughly 10 degrees a
day and so provide in time a scan of the
whole sky.

There was a worrisome period of
about 15 days after the launching of
Explorer XI on April 27, 1961, when the
opening angle of the cone of motion
remained quite small. By May 19, how-
ever, the motion was practically all tum-
ble, and our gamma ray telescope, lo-
cated from 300 to 1,100 miles above the
earth, could begin its sky survey. For
the next four months the satellite’s 20-
milliwatt transmitter operated beauti-
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instrument to the boundary of any uniform region of space. The
diagram at right indicates how a halo of low-density hydrogen
(colored dots) envelops the inner portion of our galaxy, shown in
cross section. The diameter of the galaxy is about 100,000 light-years.
The cone of view of the gamma ray telescope is superimposed,
together with a cosmic ray track (black) and two gamma rays.
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fully, providing nearly 20 miles of data QUANTUM ENERGY (ELECTRON VOLTS) . .
on microfilm. 10-10 10-8 I\l'l & :ll--" 1? &
To establish the direction in which I I

the telescope was pointing when a gam-

ma ray event was recorded, we have

used information of two kinds. First, the

satellite carried light sensors that pro-

vided a signal when the satellite was RADIO INFRARED

pointed either at the sun or at the high-

ly reflective surface of the earth. Sec- l

ond, the dozen receiving stations around

the world that recorded information

from the satellite also made a Systematic ELECTRO)IAGNETIC SPECTRUM is arbitrarily divided into regions that have somewhat
confusing popular names. The entire spectrum is nothing more than a spectrum of photons

1'.'.'- 1'.14 102 1 10-2
WAVELENGTH (CENTIMETERS)

‘ : MICROWAVES

record of the strength of the received
signal. This intensity varied in a compli-
cated fashion as the tumbling satellite
passed over a station because its trans-
mitting antenna did not radiate energy
equally in all directions. A group at the 1
George C. Marshall Space Flight Cen-
ter at Huntsville, Ala., has successfully
used the intensity variation in the re-
ceived signal to deduce the satellite’s
orientation. The map on the opposite
page shows how a line perpendicular to
the satellite’s plane of tumble moved
across the sky over a six-month period.

The microfilmed information from the
satellite usually establishes the time of
arrival of a gamma ray with an uncer-
tainty of about .1 second. If we want to
know to within five degrees or less where
the telescope was pointing at that in-
stant, we must first determine the plane
of tumble with an accuracy of a few de-
grees and then establish the tumble fre-
(uency with an accuracy of about one
part in a million. The accurate determi-
nation of the tumble plane and period,
and the process of getting the data off
the microfilm and into suitable form for
presentation to an IBM 7090 computer,
has taken somewhat longer than we had
anticipated. So far we have fully ana-
lvzed only 23 days of data, or about a
fifth of the total. Even this small amount
has proved to be rewarding.

l:irst of all, we are fairly certain that
we have detected high-energy gamma
rays from space. We say “fairly certain”
and not “certain” because we have not
been able to make all the cross checks
and verifying tests that a physicist would
make in his own laboratory on the
ground. In more detail, here is what we
have detected: |
The 23 days of data include a total of

SPIN FREQUENCY (REVOLUTIONS PER SECOND)
TUMBLE FREQUENCY (REVOLUTIONS PER MINUTE)

nine hours during which the telescope 0 30 60 90 T o0 150 180
was pointing into space and another 10
hours during which it was pointing at
the earth. During the rest of the 23 days  CHANGE FROM SPIN TO TUMBLE in the motion of Explorer XI was essential to making

DAYS AFTER LAUNCHING (APRIL 27, 1961)

the satellite either was not over a receiv-  a gamma ray survey of the sky. As the satellite entered its orbit it was spinning on its long

ing station, was temporarily inoperative  axis (1 in diagram at left) and thus was aimed at a fixed point in space as it circled the earth.
while passing through the intense radi- Gradually the satellite began to wobble like a top slowing down (2) ; by the 30th day all
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astronomy deals with radio and microwaves. Gamma ray astronomy

that carry different amounts of energy. Optical astronomy deals
deals chiefly with photons lying above 50 million electron volts.

with photons of visible light and those of nearby energy. Radio

1200

spin ceased and the satellite was tumbling in a flat plane (3). The
tumble axis (vertical arrow in 3) assumed various orientations in
space as it was precessed by various forces, chiefly magnetic. The
map at right, prepared at Marshall Space Flight Center, shows how

the axis of the tumble plane swept around the sky. The colored
numbers indicate days after launching. To determine the di-
rection of origin of each gamma ray recorded, the tumble axis and
rate of tumbling have had to be established with great accuracy.
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GAMMA RAY DETECTOR was designed and built in the Laboratory of Nuclear Science
at the Massachusetts Institute of Technology. It weighs 30 pounds and is 20 inches high.

VETO COUNTER
(SCINTILLATING PLASTIC)

PHOTOMULTIPLIER E

SANDWICH-

CERENKOV
__ DETECTOR

ELECTRONIC-
CIRCUIT BOARDS

HIGH-VOLTAGE SUPPLY
FOR PHOTOMULTIPLIERS

CROSS SECTION OF DETECTOR shows seven of the eight photomultiplier tubes crucial to
its operation. A gamma ray that enters from the top passes through the “veto” counter, with-
out giving off light, and is converted into an electron-positron pair (straight colored arrows)
in the cesium-iodide-sodium-iodide crystal scintillator. In passing through the scintillator
the pair produces a flash of light. If either member of the pair enters the Cerenkov counter,
it causes another flash of light. Although such a sequence of flashes can also be created by
incident charged particles, they trigger the veto counter as well and so can be rejected.
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ation of the lower Van Allen belt, or had
been commanded by radio to enter a
calibration state. During the nine hours
of looking at space the detectors record-
ed 22 events as being due to gamma
rays and about 22,000 as being due
to charged cosmic rays; during the 10
hours of looking at the earth the records
show 105 gamma rays and about 3,000
charged particles. Of course no “cosmic”
gamma rays or particles originate in the
earth’s atmosphere, but when cosmic
rays collide with air atoms, some second-
ary gamma rays and charged particles fly
backward, so to speak, from the earth.
It was these that provided the 3,100-odd
events counted when the satellite was
looking down.

Since the proportion of charged par-
ticles to gamma ray events is very large,
it is reasonable to worry that some, if not
all, of the gamma ray events are spu-
rious. If a charged particle slipped
through the veto counter without acti-
vating it, the particle would be recorded
as a gamma ray when it subsequently
tripped the two central counters of the
telescope. Fortunately there is evidence
that this did not happen, or at least did
not happen often. When the telescope
looked into space, there was one gamma
ray event for every 1,000 charged par-
ticles, whereas there was one gamma ray
event for every 30 charged particles
when the telescope faced earthward. If
the veto counter was grossly inefficient,
the proportions should be the same.

This does not rule out the possibility,
however, that the veto counter might
have had an inefficiency of one part in
a 1,000, or enough to account for the 22
gamma ray events recorded from space.
Again there is evidence that this is un-
likely. For checking purposes the veto
counter was turned off periodically.
When this was done, the satellite tele-
metered to the ground the energy loss
of every charged cosmic ray traversing
the telescope. If the particle passes
through the central scintillator without
a nuclear collision, its energy loss is
small. But if a collision occurs, several
secondary high-energy particles are cre-
ated and much more than the usual
amount of energy is lost. With the veto
counter off, 14 per cent of the charged
particles released so much energy that
they actually saturated the telemetry
system. Accordingly if the gamma ray
events detected with the veto counter
operating were, in part, protons slipping
through because of veto counter ineffi-
ciency, about 14 per cent of them should
show large energy losses. Actually, how-
ever, among the 127 gamma ray events
we have completely analyzed and the
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GAMMA RAY EVENTS recorded by Explorer XI are of two types:
“cosmic” gamma rays and “noncosmic” ones produced when cosmic
rays strike the earth’s atmosphere. Analysis of Explorer XI data so
far shows 22 cosmic events (dense shading) and 105 noncosmic
events (open shading). This chart shows, for each event, the energy
loss in the sandwich-crystal detector. Evidence that gamma rays

recorded were genuine is inferred from the energy-loss distribution
of charged particles (broken line), which were tallied when the
veto counter was deliberately turned off. About one in seven
were so energetic that they saturated, or overloaded, the telemetry
system. Since none of the gamma rays did so, it can be assumed that
none was a charged particle that had slipped by the veto counter.

several hundred more we have inspect-
ed, none shows a large energy loss. That
is why we feel “fairly certain” that Ex-
plorer XI has really detected gamma
rays from space. Since it detected 22 in
nine hours of total observation time, the
rate works out to 2.4 per hour.

The results are far too meager to allow
any general inferences about the distri-
bution of cosmic rays and gas in our
galaxy. But we can at least compare our
results with the expected counting rate,
based on prevailing estimates of the vari-
ous astrophysical quantities involved.

The number of gamma rays emanat-
ing from a given region of space is pro-
portional to the cosmic ray intensity
multiplied by the number of gas atoms
per unit volume. If one assumes that the
cosmic ray intensity is everywhere the
same, then, as we have seen previously,

the gamma ray intensity in a given di-
rection is proportional to the total num-
ber of gas atoms in a column of uniform
cross section. The number in such a col-
umn is the density multiplied by the
length of the column. This density var-
ies, of course, in different regions of
space. These regions include the solar
system, the galactic disk, the galactic
“halo,” the space occupied by the local
group of galaxies and the space between
the galaxies.

One can compute the intensity of
gamma rays that should arrive at the
earth from these various regions by mak-
ing certain assumptions about gas and
cosmic ray densities. For the solar sys-
tem out to the orbit of Pluto we can take
the gas density to be about 30 hydrogen
atoms per cubic centimeter, which is
about the average value measured by
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Explorer X, and we can assume that the
average cosmic ray flux is the same as it
is near the earth. These assumptions pre-
dict a gamma ray counting rate for our
satellite instrument of about one every
300,000 hours, an insignificant fraction
of the rate actually observed.

This and other predictions are listed
below. The first number after the region
is the estimated number of hydrogen
atoms per cubic centimeter; the second
number is the predicted gamma ray
counting rate per hour.

Solar system 30 .000003
Galactic disk 1 3
Galactic halo 01 .04
Intergalactic space .000001 7

The galactic disk is about 100,000
light-years in diameter and 1,000 light-
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years thick. It contains about 100 billion
stars and a volume of hydrogen gas ap-
proximately equal in mass to all the
stars. If spread evenly throughout the
disk, the gas would have a density of
about one atom per cubic centimeter.
Centered on the disk is the halo, a
roughly spherical region that contains
about the same total mass of gas as the
disk but spread through a volume 100
times greater. The gamma rays from all
this immense volume of space yield a
predicted counting rate of only about
one every three hours, or about a seventh
the rate measured by our telescope.

If our count of 2.4 per hour is valid,
it may indicate that most of the gamma
rays entering our telescope came from
intergalactic space. This region extends
to a distance estimated at 13 billion
light-years. The predicted count of .7 per
hour from this vast region is quite un-
certain and tentative. It assumes that in-
tergalactic space is filled as densely with
cosmic rays as galactic space is. This
seems rather unlikely, for then the total
energy in the universe in the form of
cosmic radiation would be about 100
times greater than the energy in the form
of light from stars. Stellar-fusion reac-
tions are highly efficient at producing
starlight, and no one can visualize how
still greater amounts of energy could be
fed into cosmic rays. The figure of an
average of .000001 atom of hydrogen
per cubic centimeter is also little more
than a guess. If the actual value should
be 10 times that figure, the predicted
counting rate would be seven per hour
instead of .7 per hour. All we can say
is that our counting rate of 2.4 is con-
sistent with the hypothesis that the cos-
mic ray flux is substantially the same
everywhere.

If the gamma rays we have detected
are coming from our galaxy, a plot should
show more coming from the galactic
plane and galactic center than elsewhere.
The map on these two pages shows
the direction of origin of the 22 gamma
rays studied so far. The slight tendency
for the gamma rays to cluster near the
galactic plane is not significant, consider-
ing the small number of events, and the
more pronounced concentration near the
galactic center is barely significant. If
the rest of our data confirms this ten-
dency toward an asymmetrical distribu-
tion, we should be able to estimate
rather well the fraction of gamma rays
originating in the galaxy. If, on the other
hand, our data should favor a symmetri-
cal distribution, we will be perplexed.
Symmetry would indicate that the galac-
tic contribution is small compared with
the intergalactic.
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TWENTY-TWO GAMMA RAYS (colored dots) recorded by the telescope in Explorer XI
came from many directions. If most gamma rays originate in the galaxy, they should tend to
concentrate about the galactic plane (shaded) and particularly about the galactic center.

But whether our results point to a
galactic or an extragalactic origin, they
will be unable to tell us whether the
gamma rays originated diffusely, over
large regions of space, or whether they
came from relatively small intense
sources. The sky could conceivably be
filled with many discrete sources so close
together that our low-resolution detector
would not be able to distinguish one
from another.

For all its limitations, our experiment
can be used with some confidence to test
the version of the steady-state model of
the universe to which we have referred.
The general steady-state model is based
on the hypothesis that the large-scale
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features of the universe have always
been as they are now. To maintain the
universe in this steady state, in the face
of its apparent expansion, the model
provides for the continuous creation of
matter in the form of hydrogen atoms
(protons and electrons). The required
rate of creation is one hydrogen atom
per century in a volume of space equal
to that of a large office building.

In the version of this cosmological
model that we wish to consider, it is as-
sumed that antiprotons and positrons
(antielectrons) are created in equal
number with protons and electrons. Un-
less one postulates a special mechanism
for keeping particles and antiparticles
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The areas of the circles around each gamma ray are proportional
to the observational weight that should be attached to it. The
weights differ because all portions of the sky were not scanned by

apart indefinitely, any given antiproton
set free in our galaxy would meet a pro-
ton in about 10 million years and the
two would annihilate each other. Since
gamma rays are one of the products of
annihilation, they should influence the
counting rate in our experiment. In fact,
the antiprotons needed to maintain a
balanced creation of particles and anti-
particles in a steady-state universe would
produce a gamma ray counting rate of
more than 3,000 per hour. Explorer XI
has clearly ruled out this possibility.
Before long other gamma ray sky
surveys will be made from satellites.
Moreover, at least three separate groups
have designed ground-based equipment

240 270

sensitive to gamma rays of very high
energy, 1013 electron volts and higher.
Strangely enough, such energetic gam-
ma rays cannot travel so far in inter-
galactic space as those of lower energy.
The reason is that gamma rays more
energetic than 10!2 electron volts are
capable of producing electron-positron
pairs not only by interacting with matter
but also by direct interaction with the
photons of starlight. The chance of such
interaction is so great that few gamma
rays of 102 electron volts could ever
finish a trip of a billion light-years.
Gamma rays of lower energy, on the
other hand, should have no difficulty
traveling the 13 billion light-years that
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the telescope for equal lengths of time. The region near right ascen-
sion 150 degrees, declination —50 degrees, was scanned the most.
The region near the galactic anticenter was scanned the least.

separate the solar system from the
“edge” of the universe. Thus satellite
and ground-based observations may
complement each other in determining
the relative importance of extremely dis-
tant gamma ray sources.

It may be too extravagant to hope that
gamma ray astronomy will ever prove to
be as powerful and enlightening a tool
as radio astronomy. The difficulties of
improving the resolving power of gam-
ma ray telescopes will be severe, particu-
larly if only satellite-borne instruments
prove to be feasible. But new techniques
are bound to be developed, just as they
have been in radio astronomy, as more
workers become interested.
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“RUBBER WORLD” is created by prism goggles. These photo-
graphs show what the eye would see through a prism with its base
held to the right. If the head is turned to the right while glancing
to the left, the image expands toward the left (top left). If head
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and eye movements are reversed, the image shrinks (top right).
If the head is moved up and down, vertical and horizontal lines
tilt so as to produce a “rocking chair” effect (two bottom pictures).
For an undistorted view of this building see the opposite page.
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Experiments with Goggles

In which special lenses are used to demonstrate the eve’s remarkable

ability to correct for distortions. Such studies help to explain how

the visual system learns to produce an effective picture of the world

f all the senses the one most inten-
O sively studied is undoubtedly

vision. Much has been learned
about the physical and physiological
basis of visual perception, but under-
standing of the process remains primi-
tive. Vision is perhaps the most complex
of the senses; nonetheless it offers the
investigator a tantalizing opportunity to
learn how the brain processes sensory
data and constructs an effective image
of the outside world. Presumably this
image is the result of an unconscious
learning process; the image is “better”
than it should be, considering the known
defects in the visual system. For ex-
ample, the lens of the eye is not cor-
rected for spherical aberration; hence
straight lines should look slightly curved.
By the same token, lines of a certain
curvature should appear straight. It is
also well known that the eye is not cor-
rected for color; as a result different
wavelengths of light—originating at a
common point—do not come to a com-
mon focus on the retina. One would
expect this defect, called chromatic ab-
erration, to have a noticeable effect on
vision, but it does not, except under spe-
cial conditions.

One way to explore the unconscious
learning process that goes on in normal
vision is to investigate how the visual
system responds to images that are sys-
tematically distorted by specially con-
structed goggles. In this article I shall
describe some of our studies, conducted
at the University of Innsbruck in Aus-
tria, which show that the eye has a re-
markable ability to discount or adapt
to highly complex distortions involving
both spatial geometry and color. But we
have been surprised to discover that the
eye does not adapt to certain other dis-
tortions that seem, superficially at least,
less severe than those to which the eye
does adapt. Some of these findings ap-

by Ivo Kohler

pear to be incompatible with traditional
theories of vision in general and of color
vision in particular.

In addition to contributing to the un-
derstanding of vision, experiments with
goggles have immediate practical im-
portance for ophthalmologists. If the
ophthalmologist knows the extent to
which the visual system can adapt
to “wrongly” constructed experimental
glasses, he will be less reluctant to pre-
scribe strong glasses for his patients. The
stronger a glass, meaning the higher its
refractive power, the greater its capacity
to distort images and produce a fringe
of color around them. The ophthalmol-
ogist can tell a patient in need of strong
glasses that the initially disagreeable dis-
tortions and rainbow fringes will disap-
pear if he wears the glasses faithfully
for several weeks. Or, to give another
example, an operation to repair a de-
tached retina sometimes leaves a fold in
the retina that causes a bulge in the
patient’s visual world. On the basis of
goggle experiments, the physician can
assure the patient that the bulge will be-
come less noticeable with time and will
probably disappear altogether. The fold
in the retina will remain, but the patient’s
vision will gradually adapt to discount
its presence. What this implies, of
course, is that an individual born with a
fold or similar imperfection in his retina
may never be aware of it.

We conclude, therefore, that sense
organs are not rigid machines but living
and variable systems, the functioning of
which is itself subject to variation. If a
sensory system is exposed to a new and
prolonged stimulus situation that de-
parts from the one normally experienced,
the system can be expected to undergo
a fundamental change in its normal
mode of operation.

The use of distorting goggles seems
to be the simplest way of producing
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novel and prolonged visual-stimulus sit-
uations. The volunteer subject can be
said to be wearing the laboratory on his
nose; he cannot leave the laboratory un-
less he closes his eyes or removes the
goggles. The entire visual system, in-
cluding the manifold projection regions
in the brain of which we still know so
little, is subjected in a certain way to a
completely novel and disturbing situa-
tion. Finally it “breaks down”; estab-
lished habits are abandoned and the
visual system begins to respond in a new
manner.

When we make the system break
down and learn a new way of function-
ing, we do not believe we are forcing the
system to function artificially or abnor-
mally. We assume, rather, that a single
mechanism is at work at all times. The
mechanism that removes or minimizes
an artificially created disturbance is the
same one that brings about a normal
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UNDISTORTED VIEW of the Union Car-
bide Building in New York can be compared
with distorted images on opposite page.
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CURVATURE OF LINES is observed when looking through a prism because light rays
entering the prism obliquely are bent more than those entering at right angles. A prism
that has its base to the right displaces images to the left and bends the top and bottom of
vertical lines still farther to the left. As a result vertical lines seem to bow to the right.

FRINGE OF COLOR borders light-colored objects because a prism bends short wavelengths
of light more than long wavelengths. If the prism base is to the right, blue rays, being bent
the most, are seen as a blue fringe along the left-hand border. Similarly, a yellow-red fringe
of color (shown here in gray) appears along the right-hand border of the object.

COLOR DISPLACEMENT is another consequence of the differential bending of light rays
having different wavelengths. The diagram shows what happens if the green-red figure on the
opposite page is viewed through a prism, base to right. The green area (gray here) is

=

displaced to the left more than the red area, leaving an empty dark space between the two.
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functioning of the sensory system under
normal conditions. If this assumption is
correct, the development of the normal
visual system—in so far as its develop-
ment depends on the environment—can

be explored by the goggle method.

Fl*he application of distorting goggles
to the study of visual adaptation
dates back to the work of G. M. Stratton
of the University of California, who used
himself as a subject. Primarily because
of the difficulty of finding subjects will-
ing to wear goggles for days, weeks or
even months, the method was little em-
ployed until about 1928. Then, inde-
pendently and simultaneously, goggle ex-
periments were undertaken by Theodor
Erismann at the University of Innsbruck
and by James J. Gibson at Smith Col-
lege. Gibson’s subjects wore goggles that
placed a glass wedge, or prism, in front
of each eye. Erismann experimented
not only with prism goggles but also
with more elaborate devices that trans-
posed the visual field from right to left
or from top to bottom. Another device
allowed the subject to see only directly
to the rear, as if he had eyes in the back
of his head. After several weeks of wear-
ing goggles that transposed right and
left, one of Erismann’s subjects became
so at home in his reversed world that he
was able to drive a motorcycle through
Innsbruck while wearing the goggles.

Although Gibson’s subjects wore gog-
gles for only a few days at a time, they
were the first to discover adaptation to
the color fringes and line curvature that
a prism produces. Depending on the ex-
tent to which the front and rear faces of
a prism depart from the parallel, light
rays passing through the glass are bent
to a greater or lesser degree. This prop-
erty is called the deviation of the prism.
The deviation angle is approximately
half the angle between the two faces.
Deviations between five and 15 degrees
are most useful for goggle experiments.
Color fringes arise because light of short
wavelength, such as blue light, is bent
more than light of longer wavelength. As
a result the line marking the edge of an
object is spread out into a small spec-
trum, which becomes more noticeable
the greater the contrast between the
brightness of the object and that of its
background [see top illustration on op-
posite page].

The curvature of lines is part of a
more general prism effect that produces
a variable change in the curvature, angle
and distance of observed objects. The
effect arises because the angle of devia-
tion varies with the direction of the light
reaching the front face of the prism.



COLOR FRINGES appear (right) when a simple white-on-black two illustrations on the opposite page. After a subject has worn

figure is viewed through a prism having its base to the right. The prism goggles for a few days the color fringes and line curvature
prism also bends vertical lines. The undistorted figure is shown largely disappear. When he removes the goggles, he sees fringes
at the left. These prismatic distortions are explained in the upper of a complementary color and lines having a reverse curvature.

TEST FIGURE shows how colors are differentially shifted by a color boundary (see bottom illustration on opposite page) . When
prism. When viewed through a prism with base to the right, the the prism is turned around, green overlaps red, producing a thin
greater shift of the green image leaves a thin black void at the white border. An eye with prismatic defects will see similar effects.

COLORED GOGGLES devised by the author create a blue-tinted weeks, the eye adapts and the color distortions tend to disappear.
world when the wearer looks to the left and a yellow-tinted world Somehow the visual system learns to introduce the proper correc-
when he looks to the right. If the goggles are worn for several tion according to whether the eyes are turned to the left or right.
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Rays entering at an oblique angle are
bent more than rays entering at a right
angle. Consequently straight lines ap-
pear curved, right angles seem to be
acute or obtuse and distances seem to
be expanded or foreshortened [see illus-
trations on page 62].

To a subject wearing prism goggles
these assorted distortions produce a
visual world whose appearance changes
drastically as he turns his head. One of
our subjects reported that it is “as if the
world were made of rubber.” When the
head is turned to right or left, objects
become broader or narrower, producing
a “concertina” effect. When the head is
moved up or down, objects seem to slant
first one way, then the other. We have
called this the rocking-chair effect.

Although the distortions arising from
prism movement are severe, they might
present the eye with a straightforward
adaptation problem if the prism were
held in rigid alignment with the central
axis of the eye. In this case the rays
reaching any particular area of the retina
would always be deflected by the same
amount and would therefore maintain a
fixed angular relationship to rays striking
adjacent retinal areas. Such a rigid rela-
tionship between prism and eye could be
achieved if the prism could be worn as
a contact lens resting directly on the
cornea.

In the Erismann and Gibson experi-
ments, however, as well as in our more
recent ones, there is a small distance be-
tween the eye and the prism. As a result
the eye can, and frequently does, move
with respect to the glasses. Two kinds
of relative motion arise. In one case the
eye can be fixed on a given object while
the head and goggles move. In the sec-
ond case the head and goggles remain
fixed while the eye moves. If one ana-
lyzes the geometry of the rays striking
the retina, one finds that the adaptation
problem is much more severe than if
the prism and the eye could be held in
rigid relationship. Let us consider a sin-
gle retinal area, for example the im-
portant small region called the fovea,

COLOR-STEREO EFFECT refers to a vis-
ual phenomenon in which colors appear
to be located at different depths, according
to wavelength. It is a special case of color
displacement. The reader should be able
to obtain the effect by looking at the op-
posite page with the outer half of each eye
shielded with a card, as shown in the draw-
ing on the next page. Blue and green squares
should appear to float above those of other

colors; red should seem farthest away.

near the center of the retina, where the
eye has its maximum acuity. The images
reaching the fovea will be distorted
more when the eye is looking obliquely
through the prism than they will be
when it is looking straight ahead. In fact,
the distortion changes with every change
in the angle that the axis of the eye
makes in relation to the prism.

In the accounts of his experiments
Gibson neglected the free mobility of
the eyes with respect to the glasses.
Since his experiments were of short
duration it is not clear how much adap-
tation took place among his subjects. He
refers specifically only to adaptation to
color fringes and to the curvature of
lines. The latter is often called the Gib-
son effect.

In our much longer experiments,
which extended the investigations begun
by Erismann, a finely differentiated
adaptation can be observed. Like Gib-
son’s subjects, ours adapt rather quickly
to color fringes and line curvature. We
refer to these as constant distortions be-
cause they are essentially independent
of head and eye movement. After wear-
ing prism goggles for several weeks,
however, our subjects also adapt to
the more complex variable distortions,
which are generated partly by move-
ment of the head and goggles and partly
by movement of the eyes behind the

oggles.

I should like to stress the distinction
between constant and variable distor-
tions. Adaptation to the latter category
apparently involves a process more com-
plex than all previously known processes
of visual adaptation. Let us suppose that
the subject is provided with goggles that
have prisms whose bases point to the
right. When, at the start of the experi-
ment, the subject turns his head to the
left and glances to the right, he sees an
image that contracts in its horizontal
dimensions. Conversely, when he turns
his head to the right and glances to the
left, he sees an expanding image. After
several weeks, however, an adaptation
occurs that counteracts both of these
forms of distortion. This process of dou-
ble adaptation tends ultimately to elimi-
nate the concertina effect. What seems
so remarkable is that this takes place in
spite of the fact that the fovea and other
retinal areas have been exposed to a
random mixture of these variable
images. Somehow the visual system has
learned a general rule: a contracted
image must be expanded and an expand-
ed image must be contracted, depending
on the respective position of head and
eyes.
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If, after weeks or months, the subject
is allowed to remove his goggles, the
adaptation continues to operate when
he views the normal world. The result is
an apparent squeezing of images when
he glances one way and an expansion
when he glances the other. It is as if he
were looking for the first time through
prisms that have an orientation exactly
opposite to those he has been wearing
for so long. Moreover, all the other dis-
tortions, such as the rocking-chair effect,
to which his eyes have slowly become
adapted now appear in reverse when
the goggles are removed. These after-
effects in their turn diminish in strength
over a period of days, and the subject
finally sees the stable world he used to
know.

Both adaptation and aftereftects are
vividly reported by our subjects. But in
addition we have built devices that pro-
vide an objective measurement of the
phenomena. These devices, for example,
present the subject with a variety of
horizontal and vertical lines that he can
adjust in orientation and curvature un-
til they look “right.” Another device al-
lows the subject to look through prisms
and select the one with the strength ap-
propriate to cancel the aftereffects in-
duced by wearing prism goggles.

et us now consider the adaptation to
the color fringes a prism produces.
1f a prism with base to the right is placed
before the eye and one looks at a white
card on a black background, one sees a
blue border along the left vertical edge
of the card and a yellow-orange border
along the right edge. The explanation is
that the various colors of light reflected
from the card and carrying its image no
longer overlap precisely after passing
through the prism. The result is a whole
series of slightly offset colored images:
yellow to left of red, green to left of yel-
low and blue to left of green. Across
most of the area of the white card the
multiplicity of colored images is not ap-
parent because the various colors recom-
bine to form white light. But at the left
edge, where the card meets the black
background, the blue image, which is
shifted farthest to the left, can be seen
as a blue border. Similarly, the red
image appears along the right edge.
(When the prism is weak, the right bor-
der looks yellow or orange rather than
red because red and yellow lie so close
together in the spectrum.

If one views the world through gog-
gles with their prism bases fixed in the
same direction, the rainbow fringes di-
minish rather quickly in intensity and

67



within a few days virtually disappear.
Here again, as a result of adaptation,
a complementary aftereffect appears
when the glasses are removed. The adap-
tation that has canceled the blue fringe
on objects produces a yellowish fringe
and vice versa. This complementary
aftereffect, which we call the rainbow
phantom, can appear after goggles have
been worn for less than a day.

At first consideration the rainbow
phantom may not seem surprising. Ev-
eryone is familiar with the complemen-
tary afterimage that can be induced by
staring for about 20 seconds at a brightly
colored pattern. Evidently the retinal
elements that have been intensively ex-
posed to a given color change in some
manner, so that when they are subse-
quently stimulated by a neutral light,
they produce a different signal from ad-
jacent elements that are still fresh. In
accordance with the work of the Ger-
man psychologist Ewald Hering, we
ascribe such phenomena to a process of
self-regulation. The sensory response be-
comes shifted in such a way as to make
a persisting color stimulus appear more
and more neutral. As a result a second
color stimulus that had previously
seemed neutral now appears shifted
along the spectrum; for example, toward
the blue-green if the first stimulus was
red.

The puzzling aspect of the rainbow
phantom is that blue and yellow are
themselves complementary colors. More-
over, the small foveal area, which pro-
vides most of the eye’s sensitivity to
color, is randomly exposed to both yel-
low and blue stimuli during prism-gog-
gle experiments. Consequently the re-
sponse of the fovea should become
equally modified to both colors, and
since each is the complement of the
other their aftereffects should cancel.

Nevertheless, the rainbow adaptation
and its aftereffect, the rainbow phantom,
do take place. How can they be ex-
plained? As in the case of adaptation
to variable distortions of geometry, we
must evidently assume a similar kind of
multiple (at least double) adaptation
for color vision also. The two aspects
are the distortion itself and the context
or situation in which the distortion oc-
curs. I have already indicated that
adaptation to the concertina effect re-
quires the visual system to learn that
images contract when one looks in one
direction and expand when one looks
in the other. In the case of color fring-
ing the distortion is related to a bright-
ness gradient. The subject looking at the
world through prisms that have their
bases facing to the right unconsciously
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learns a new rule: The boundary be-
tween a dark field on the left and a light
field on the right always has a fringe
of blue; when the dark field lies to the
right of the light field, the fringe is al-
ways yellow. We must assume that the
total adaptation process requires simul-
taneous adjustment to these two condi-
tions. The rainbow phantom, which ap-
pears when the goggles are removed,
can then be explained as a direct conse-
quence of the complex adaptation proc-
ess.

Once we had arrived at this explana-
tory concept, we undertook a further
exploration of “situational color adapta-
tion.” For this purpose we designed gog-
gles in which each lens was made up of
two differently colored half-segments.
For example, each lens might be half
blue and half yellow [see bottom illus-
tration on page 65]. Wearing such gog-
gles, a subject sees a blue-tinted world
when he looks to the left and a yellow-
tinted world when he looks to the right.
If the two colors are complementary, the
situation is somewhat analogous to the
rainbow effect of prism goggles. The dif-
ference is that the colors are related not
to a brightness gradient but to specific
positions of the head and eyes; in other
words, to a “kinesthetic” gradient.

The experimental results were in ac-
cord with those obtained with prism
goggles. As before, we found that the
visual system adapts to complementary
color stimuli so long as the colors are
invariably associated with a particular
situation—in this case, particular head-
and-eye positions. The illustrations on
pages 70 and 71 show the results of
measuring color adaptation on the first
day and on the 60th day of an experi-
ment with blue-yellow glasses. The
measurements are obtained through the
use of an illuminated window whose
color can be varied by turning a dial.
The subject first looks at the window
through the yellow half of his glasses
and turns the dial until the window
appears white or neutral in color. To
achieve this condition the window must
actually be made somewhat blue. The
amount of blue light required is auto-
matically recorded. The subject then
readjusts the color of the window while
looking through the blue half of his
glasses. Finally he views the window
without glasses, with his eyes turned
first to the right and then to the left.

When the subject eventually removes
his two-color goggles after wearing them
continuously for 60 days, there is no
doubt that his visual world is tinged dis-
tinctly yellow when he looks in the direc-
tion that his goggles had been blue and
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blue in the direction that his goggles had
been yellow. The movement of the eyes,
either to right or left, seems to act as a
signal for the foveal area to switch over
in its color response, compensating for a
yellow image in one case and a blue
image in the other.

[Z\t this point in our investigations ev-
erything seemed reasonably clear,
but suddenly a new and mystifying
phenomenon appeared, the implications
of which have not yet been fully ex-
plored. During our prism experiments
we had also constructed glasses in which
the prisms in front of each eye were
mounted with their bases pointed in op-
posite directions. Similar glasses are
regularly prescribed by ophthalmologists
to correct strabismus, also known as
squinting. People with strabismus are
unable to focus both eyes on the same
object because the eyes turn either in-
ward or outward; crossed eyes are an
example. Ophthalmologists are often
reluctant to prescribe corrective prism
glasses for strabismus because of their
concern that the patient may be dis-
turbed by the distortions and color
fringes that such glasses produce.
It was partly this prejudice that
prompted our experiments. Because our
subjects did not have strabismus they

COLORS ACQUIRE DEPTH if viewed
with the eyes partially covered by two cards
(left), which exploit the chromatic aber-



found the wearing of “squint glasses”
difficult until they learned to squint;
that is, to turn their eyes either inward
or outward, depending on the orienta-
tion of the prisms. We found, neverthe-
less, that adaptation is possible and that
it occurs just as rapidly as it does with
our usual prismatic goggles.

Our interest, however, was soon
drawn to some special effects produced
by squint glasses. Because the prism
bases face in opposite directions, the
glasses create novel stereoscopic effects
in addition to those normally seen in
binocular vision. The stereoscopic effects
involve geometric figures and, more
important, colors. If one looks at a verti-
cal rod with prism glasses of the type
described earlier, the rod will seem to
bend either to the left or to the right, de-
pending on which way the prism bases
face. If the same rod is viewed with
squint glasses equipped with prism
bases facing outward, the rod will ap-
pear to be bent away from cne observer.
Similarly, plane surfaces will look con-
cave.

But it was the stereoscopic effects in-
volving color that took us most by sur-
prise. On September 10, 1952, the first

ration of the eye and simulate the effect of looking through prisms
whose bases are opposed. The stereo effect works best when strong
colors appear against a black background, as on page 66. If light

day of an extended experiment with

squint glasses, one of our subjects de-

scribed his discovery as follows.

“In the course of a trip through town,
I made the following peculiar observa-
tions: multicolored posters, traffic signs,
people wearing multicolored clothes,
and so on, did not appear as before to
lie in one plane, but blue seemed to
protrude far beyond the object plane,
whereas red seemed to recede, depend-
ing on whether the background was
bright or dark. A woman carrying a red
bag slung over her back seemed to be
transparent, and the bag to be inside
her, somewhere near her stomach....
Most pecu]iar was a woman wearing a
red blouse. She had no upper body, and
the red blouse seemed to be following
her about a pace behind, moving its
empty sleeves in rhythm with the move-
ment of her arms.”

After explaining to ourselves this
“color-stereo” effect, we were impatient
to learn whether or not the subject’s
eyes would ultimately adapt and restore
colored objects to their proper place.
The explanation is not difficult. Each
prism deflects colors differentially ac-
cording to wavelength but in opposite
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directions since the prism bases are in
opposition. When the bases face out-
ward, the blues are deflected outward
more than other colors and the eyes must
actually converge more to bring blue
images into focus than to focus red
images, which are deflected less by the
two prisms. As a result, blue images
seem closer to the observer than red
images, and images in other colors seem
to lie somewhere between the two, ac-
cording to wavelength [see illustration
below].

Again we were surprised by the out-
come of the experiment. We have dis-
covered that there is not the slightest
adaptation to the color-stereo effect.
This was true even in our longest test,
in which a subject wore squint glasses
for 52 days.

The reader can see the color-stereo
effect for himself by viewing the illus-
tration on page 66. Although the effect
is more vivid with two prisms, or even
one, it can be observed by making use
of the chromatic aberration present in
the normal eye. The procedure was de-
scribed almost a century ago by the
German physicist Hermann von Helm-
holtz. One covers the outer half of each

originating at O is blue (B), it is bent more than red light (R)
in passing through the shielded eye (center) or a prism (right).
The displacement makes the colors appear to be at different depths.
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pupil, using two fingers or two pieces of
paper. With the outer half of each lens
covered, light passes only through the
inner halves, which act as if they were
prisms with bases facing outward. If the
inner halves of the two lenses are cov-
ered, a reverse stereo effect takes place
and red objects look closer than blue
ones. (The reverse effect is difficult to
obtain with prisms because it is hard to
force the eyes to diverge enough when
the bases of the prisms face inward.)

In a small percentage of people the
prismatic defects of the eye are large
enough so that they can obtain a color-
stereo effect even without prisms or the
use of Helmholtz” procedure. A sensitive
check for such defects can be made with
the help of the green-red figure in the
middle of page 65. The figure is to be
viewed with each eye separately. To a
normal eye the green and red halves of
the figure meet cleanly, without any
noticeable peculiarity. A defective eye,
however, will see either a thin black line
or a thin white line where the two colors
meet. A black line indicates that the
green area is being displaced slightly
farther to the left than the red, as it
would be by a prism having its base to
the right. A white line indicates that the
green is being deflected to the right as
by a prism with base to the left. When
the green shifts to the right, it overlaps
the red image, and the combination of
green and red reflected light creates a
white boundary. People with prismatic
defects of the eye have a certain advan-
tage over people with normal eyes, for
they can differentiate colors not only by
hue but also by the color-stereo effect.

<\lthough it may not be immediately
~ X obvious, the color-stereo effect does
not depend on the ability of the eye to
see color. Like a prism, the lens of the
eye bends light according to wavelength
regardless of the hue we have come
to associate with any particular wave-
length. For example, if one photo-
graphed the colored pattern on page
66 in black and white using a stereo-
scopic camera equipped with a suitably
oriented prism in front of each lens, one
would obtain two pictures that would
look three-dimensional when viewed
through a stereoscope. The colored
squares of the pattern would appear in
various shades of gray, lving at various
depths according to the wavelength of
the original colors. It follows from this
that one could enable a color-blind per-
son to discriminate colors by providing
him with prism glasses. He could be
taught, for example, that the green in a
traffic light will look closer to him than

70

T T—

EXPERIMENTS WITH COLORED GOGGLES determine the adaptation to a split-color
field, blue on the left, yellow on the right. On the first day of the experiment (a) the subject
adjusts the color of a glass screen (see top illustration on opposite page) until it looks
neutral through the yellow half of the goggles (1), the blue half (2) and with goggles re-
moved (3 and 4). After goggles have been worn 60 days the results are different (b).
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ADAPTATION-MEASURING DEVICE consists of a glass screen
or panel whose color can be adjusted by the test subject. The
setting of the color-selection dial is automatically transmitted
to a pen recorder (far right). The subject is viewing the window

YELLOW

GRAY

BLUE

YELLOW

GRAY

RESULTS OF COLOR-ADAPTATION TEST are shown by chart
records made on the first day (a) and 60th day (b) of the ex-
periment with blue-yellow goggles. On the first day the window
of the test apparatus must be made strongly blue (1) to compen-
sate for the yellow tint of the goggles and yellow (2) to com-

RECORDER

through the yellow half of goggles that are haif yellow and half
blue, as shown at the bottom of page 65. His task is to make the
window look neutral gray in color, which requires, in this case,
that it be adjusted to look blue as seen by the normal eye.

pensate for the blue tint. When the goggles are removed after
several hours, the aftereffects are negligible (3, 4). By the 60th day,
however, the eye has adapted significantly to the color distor-
tions produced by the goggles (b1, b2), and when the goggles are
removed, the complementary aftereffects are significant (b3, b4).
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REAR-LOOKING “GOGGLES,” actually a mirror device, were
used in early experiments by Theodor Erismann at the University
of Innsbruck. Here Erismann is testing the responses of a subject.

yellow and that yellow will look closer
than red.

The color-stereo effect may also have
general implications for biology. It has
always seemed strange that in the eyes of
most animals, including man, the fovea
lies to one side of the optical axis of the
lens system. This lack of alignment may
combine with the eye’s chromatic aber-
ration to produce prismatic effects that
are opposite for the left and right
eyes, thereby producing a weak color-
stereo effect. When we consider that
these defects—off-center fovea and chro-
matic aberration—have persisted through
millions of generations of animals with-
out being “corrected” by evolution, we
cannot refrain from speculating that the
defects may have functional utility. Per-
haps in the development of the verte-
brate eye the color-stereo effect pro-
vided the first form of color discrimina-
tion, the colors being associated not with
hue but with subtle differences in the
depth of images. As a matter of fact,
cats, mice and other animals, which are
known to be color-blind, sometimes puz-
zle psychologists by their apparent abil-
ity to distinguish a few strong colors in
visual tests. Although this color sensitiv-
ity is likely to be demonstrated by only
a few animals in any experimental
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group, the ability cannot be ignored, and
the explanation may well be that the un-
usual animals possess a heightened sen-
sitivity to the color-stereo effect.

\ly colleague Anton Hajos can be
L credited with showing, by rigorous
measurement, that not the slightest
adaptation to the color-stereo effect oc-
curs among subjects wearing squint
glasses. He also conceived the idea of
intensifying the stereo effect to see if it
heightened the sensation of color. To test
this idea we were fortunate to find in
Innsbruck a man who had lost his color
vision as the result of an accident. When
he put on a pair of our squint glasses,
he reported that he was instantly able to
see all the colors he had not seen for
years. When he removed the glasses, the
colors disappeared again. We are carry-
ing on a further investigation of this and
related cases.

What shall we make of the finding
that the eye adapts rather readily to
various intense distortions of geometry
and color but fails totally to adapt to the
type of distortion embodied in the color-
stereo effect? One possible explanation
is that in all cases where adaptation
occurs the eye is provided with cer-
tain systematic clues as to the nature of
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INVERTING GOGGLES, which transposed up and down, were also
devised by Erismann. This subject is balancing on a springboard
to help relate the upside-down world to his bodily sensations.

the distortion. Straight lines always
curve in the same direction; blue or yel-
low color fringes occur in fixed relation
to light-dark boundaries; blue and yel-
low glasses present the eye with color
fields that remain consistently either on
the right or on the left; even the rubber
world is rubbery in a consistent way.
The color-stereo effect, however, pre-
sents the visual mechanism with a ran-
dom and nearly unpredictable assort-
ment of displaced images. As the focus
of the eye shifts from one point to an-
other, it is just as likely to encounter one
color as another, and, depending on
wavelength, brightness and background,
the stereoscopic position of the colored
image is shifted forward or back. Al-
though the eye might conceivably learn
to correlate color and displacement and
thereby use the former as a basis for
correcting the latter, the task is evidently
beyond the power of the eye’s adap-
tation mechanism. There is, however, an
alternative possibility: the color-stereo
effect may represent a primitive way of
identifying colors. The failure of the
visual system to adapt to this effect,
when presented in exaggerated form by
squint glasses, may be evidence that
spatial displacement of colors indeed
played such an evolutionary role.



Kodalk reports on:

how a young physicist’s wife earns while he learns ... liquid
crystals . .. a trace a little darker, a background a little lighter

Great blocks of sensitivity

Kobak Nuclear Track Pellicles, Type NTB4, are hereby an-
nounced. This merchandise is manufactured for the simple
purpose of understanding the fine structure of the universe.
Prizes (or at least respectful attention at high-energy physics
conferences) may be won for the ingenious use of this mer-
chandise. Try particle accelerators, reactors, satellites, space-
craft, balloons, mountain peaks, rooftops, submarines, deep
mines. We offer no new suggestions on use. We have done
our part by devoting a great deal of the time and talent of
what we hope are the world’s best photographic emulsion
technologists to the problem of substantially exceeding the
highest previously available sensitivity and manufacturing
the product to high standards of uniformity and within the
continental limits of the United States. We have succeeded.
To wit, minimum-ionization track is delineated by no fewer
than 30 grains per 100 microns of track length. The silver-to-
gelatin ratio is grotesquely high.

Pellicles are 3” x 47, 4” x 4”, 4” X 6”, or any other size
rectangles of unmounted photographic emulsion around 600
microns thick. A nominal thickness is given on the label and
held to 459, over the pellicle, the box of pellicles, and the
whole blooming batch of pellicles. They are shipped immedi-
ately after packaging. Customers stack them into great blocks
of emulsion, sometimes as much as a cubic foot of solid, three-
dimensional sensitivity. Somewhere inside may terminate the
journey of a nucleus that has been moving fast in a relativistic
straight line ever since Creation.

The pellicles are marked by the customer, usually with
x-rays, for position in the stack. For processing they are
mounted on gel-coated glass plates with a mounting gel.
Plates and gel come in the package. Processing is quite an
operation. It takes 715 days. The fixing alone takes 72 hours.
Sharp changes of pH or osmotic pressure would ruin every-
thing. After drying, each pellicle is microtomed. In scanning
under the microscope for significant tracks, it is helpful to be
able to count on good equipment and a well-trained staff of
a few hundred graduate students’ wives.

Before embarking on all this, you will want to check out a few more
details with Eastman Kodak Company, Special Sensitized Products
Division, Rochester 4, N. Y.

Skepticism, smecticism, and commercialism

‘What a skeptical fellow is the genial chief control chemist for
EastMAN Organic Chemicals! Genial but skeptical. That’s
OK. Skepticism is essential in the man without whose signa-
ture nothing leaves the place. Geniality is optional.

N-p-M ethoxybenzylidene-p-phenylazoaniline (EASTMAN 8545)
and the related p-Anisaldazine (EASTMAN 8546) melted cloudy.
Said he: “They are not pure. Take them back.” He said it
genially. He was wrong. He did not know that these two
compounds display the very unusual physical phenomenon
of liquid crystal formation.* Liquid crystals can be either
smectic or nematic. The smectic ones act as though they were
crystalline in two dimensions and liquid in one dimension.
The nematic ones are solid in one dimension and liquid in
two. Some of these thermotropic mesomorphs show a million
times the optical rotatory power of quartz of similar thickness.

It’s all in the literature. Even these two particular com-

*0. Lehmann, Fliissige Kristalle und ihr scheinbares Leben, V oss, Leipzig (1921)

pounds are mentioned. The g. b. s. c. c. c. claims to believe
now and has signed the papers.

These EASTMAN Organic Chemicals are obtainable from Distil-
lation Products Industries, Rochester 3, N. Y. (Division of Eastman
Kodak Company).

One learns about EASTM AN Organic Chemicals at about the
same time as one learns how to use chemicals professionally. We find
this a very pretty state of affairs and so do the customers. They can
get any of some 3900 compounds, in small bottles, from a single
source, with a minimum of salesmanship, utterly clean of ulterior
motives, no free samples.

Do not confuse EASTM AN Organic Chemicals with EASTM AN
Industrial Chemicals, which are also organic but very few of which
are priced higher than a penny a gram because the salesman has the
ulterior motive of building your interest into tankcar orders. These
would come from Eastman Chemical Products, Inc., Kingsport, Tenn.
(Subsidiary of Eastman Kodak Company).

A typical EASTM AN Industrial Chemical at the commercially
nascent stage is 2,2,4-Trimethyl-3-hydroxy-3-pentenoic Acid, 8-Lac-
tone, to be known as TMBL and represented as

CH3 CH3
| |
CH; —C = C——C —CH3
| l
| |

O—C=0

This structural formula is expected to inspire a wise, commercially
motivated reader to ask himself, “ Wouldn’t this make a lovely start-
ing material for our (¥******¥)2> We would then inform him that
in pilot-plant quantities it is priced at $3.50 per pound, that we can
send him a technical data report which explores its properties and re-
actions in a preliminary way, that from the host of compounds de-
rivable from our wealth of isobutyraldehyde and our devotion to
ketene chemistry we selected this one for study largely for its fetching
look. We can probably ship 5 gallons from stock ; an order for a drum
might have to wait as much as six weeks, depending on the work load
in the pilot plant.

More time for happiness

Nearly all recently designed oscillographs put out immediately
visible traces. They work because of a photo paper called
Kobak LINAGRAPH Direct Print. The trace is drawn by a tiny
high-intensity light spot, rich in u-v. The paper thereupon
emerges into the open without application of chemicals. The
image remains visible for weeks because light energy falling
on this paper at ambient rates has much less blackening effect
on the background than it has on the areas that have been
touched by the brilliant image.

Being vigorous Americans, we must move on. No resting
is permitted on the oars. Where do we go from here? We put
up a statistic. Never mind where it came from. The statistic
says that 909 of all recording is done slower than 100 cycles/-
sec. So we issue a new product called Kopak LINAGRAPH 591
Paper. If the customer is willing to accept 0.4 the speed of the
first product, he can have darker traces against a lighter back-
ground for a longer span of time between emergence from the
oscillograph and the final arrest of fading by a ride through
our PERMANIZING Developer.

If the man from whom you buy your photorecording supplies is too
busy to develop in you a connoisseur’s taste in recording paper, ask
Eastman Kodak Company, Photorecording Methods Division, Roch-
ester 4, N. Y. There is no price premium. We just want you to be as
happy as possible. The thin-base variety is KODAK LINAGRAPH
592 Paper.

Price subject to change without notice.

This is another advertisement where Eastman Kodak Company probes at random for mutual
interests and occasionally a little revenue from those whose work has something to do with science
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COMPACT
VACUUM

FROM STOKES

This is a Stokes Microvac vac-
uum pump. It's sleek, trim, truly
compact. And its compactness
was achieved the hard way—
without sacrificing one whit of
performance . . . without omit-
ting a single feature necessary
to a superior vacuum pump.
Microvac pumps save you up to
509 of the floor space required
by other pumps of comparable
capacity. This is one of the
things we mean by Stokes
Vacuum Plus. It's one of the
reasons Microvac pumps con-
sistently deliver more vacuum
pumping performance per dol-
lar. For full details, just write:
Vacuum Equipment Division,
F. J. STOKES CORPORATION,
5500 Tabor Road, Phila. 20, Pa.

STOKES

Send today for your free
Vacuum Slide Calculator!
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Co-operation in Space

he movement toward an interna-
I tional program in space research
has given signs of gaining momen-
tum. President Kennedy has followed
up the general proposals for co-opera-
tion between the U.S. and the U.S.S.R.
that were exchanged after the successful
| flight of the U.S. manned satellite. In
March he submitted to Premier Khru-
shchev a list of joint projects in space
medicine, weather and communication
satellites, mapping the earth’s magnetic
field and tracking space vehicles by ra-
dio. Eventually, he suggested, the two
countries might join in sending instru-
ments and perhaps human explorers to
the planets. Although not agreeing to
any specific proposal, the U.S.S.R. sent
rocket expert Anatoli A. Blagonravov to
the U.S. for four days of “informal dis-
cussions” with Hugh L. Dryden, Deputy
Director of the National Aeronautics and
Space Administration.

The two representatives conferred
during a meeting of the United Nations
Committee on the Peaceful Uses of Out-
er Space, which had been largely in-
active since its creation in 1959. Now the
group is establishing a scientific and
technical subcommittee and a legal sub-
committee, which are to begin work in
Geneva on May 28. Early this month
scientists of the Committee on Space
Research (COSPAR), an outgrowth of
the International Geophysical Year, will
meet in Washington.

Meanwhile the UN’s “public registry”
of space-flight information received its
first data. The U.S. filed material—
apogee and perigee, nodal period and
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GIENGE AND

equatorial inclination—on 72 objects
“launched into sustained orbit or be-
yond,” which it planned to bring up to
date every two weeks, and also a special
statement on the flight of John H. Glenn,
Jr. The U.S.S.R. submitted data on 16
vehicles, including its two manned sat-
ellites.

New Particle

he next to the last entry on the pre-

dicted list of “strange” particles has
been discovered. Announcements in
Physical Review Letters by U.S. and
European groups of physicists describe
the independent identification of the
particle known as the anti-xi minus. In
both cases the particle was created, to-
gether with a xi-minus, by the collision
of a high-speed antiproton with a pro-
ton. After about a ten-billionth of a sec-
ond the anti-xi decayed into a pi meson
and an antilambda particle. This last in
turn disintegrated into an antiproton and
a pi meson. The complex mode of decay
gives the xi and anti-xi particles their
other name: cascade particles. The only
particle still missing is the uncharged
anti-xi zero.

Both experiments were performed
with a beam of fast antiprotons pro-
duced in the 30-billion-electron-volt ac-
celerators at the Brookhaven National
Laboratory and at the European Organ-
ization for Nuclear Research (CERN)
in Geneva. Even these powerful ma-
chines were barely adequate to the task
of producing the rare interactions in
which the anti-xi is created; a U.S. team
at Yale University examined 34,000
bubble-chamber pictures, each showing
an average of 14 antiproton tracks, to
find one anti-xi-minus “event.” The
CERN pictures were analyzed at the
Centre d’Etudes Nucléaires in Saclay and
at the Ecole Polytechnique in Paris. The
anti-xi was identified by the energy and
momentum of the particles involved in
both its creation and its decay.

The new particle adds confirmation to
two principles already established in
particle physics: (1) the rule that every
particle has its corresponding antipar-
ticle and (2) the classification scheme
for strange particles devised independ-
ently several years ago by Murray Gell-
Mann of the California Institute of Tech-
nology and K. Nishijima of Japan.



|
‘ | Hiyh-En ergy Radiations from High Voltage Engineering Particle
Accelerators, used with scientific imagination, increase
man’s understanding of the atom, the molecule, the crystal

and the living cell.

At the time that Gell-Mann and Nishi- |
jima proposed their classification the
strange particles were considered strange
because, although they were created in
extremely fast interactions, they decayed
much slower. Now this very quality has |
made the strange particles into old
friends that have been thoroughly
studied by the tracks they leave in detec-
tion chambers. It was from a considera- .
tion of the experimental properties of the —— ) "‘
known particles that Gell-Mann and : \ g
Nishijima were able to construct a sort
of periodic table showing that other par-
ticles could be expected to exist. Mean-
while still more particles have turned up
that do not live long enough to leave
a visible track. In fact, as their name,
“resonances,” implies, they may be mere-
ly combinations of particles already
known. In any case their theoretical | The use of ionizing radiation to alter molecular structure has crossed the
significance is as yet unclear and there- | threshold from promising potential to practical production. / Elec-
fore so is their relation, if any, to the . . .

S L tron beams from High Voltage particle accelerators are being used
now famiiiar str ange pmtlcles.

successfully in the treatment and modification of many chemical and

Secret Satellites plastic materials. Examples: cross-linking polyethylene to increase its

resistance to heat, cracking and solvents; “‘curing’ silicone rubber for

longer life without chemical catalysts; depolymerizing cellulose to control

uniformity and molecular weight; grafting a monomer on top of a poly-

remodeling the molecule

Scientiﬁc advisers of the House Com-
*J mittee on Science and Astronautics
appeared before that committee late in |
March to protest the secrecy under | mer to improve surface characteristics. / The industrial application of

which the Department of Defense has high energy radiation was pioneered by High Voltage Engineering with

been p.roceEdm.g with plans to laum.:h. ? the development of the Van de Graaff® accelerator for research. The
geodetic satellite. The satellite, a joint

venture of Army, Navy and Air Force, is | latest step in bridging the gap between what is technically feasible and
to be equipped with a powerful flashing | what is economically practicable is the Insulating-Core Transformer
light. Fixes taken on the light will yield (JCT), the first low cost, high power particle accelerator developed spe-

improved determinations of the shape . . . .. el . .
P . P cifically for industrial use. / Our radiation facilities are available in
of the earth and of distances between

points on different continents. The flash- | the East, Midwest and Germany on a rental basis so you can evaluate the
ing schedule has been classified on the | commercial promise of a process without capital investment. Write
ground that such fixes will also reduce | pgepnical Sales for complete information.
error in establishing the relative loca-
tions of the l;.1u1'1ching §ite of an inter- | . o elicT
continental missile and its target. 300and 600 kilovolt
Members of the House Committee’s | accelerator —two or
scientific panel, a Congressional counter- | M°f® electron beam
p "' g .‘ . systems driven from
part of the White House science advi- | a10 kilowatt central
sory committee, pointed out that the con- | power supply -offers
. . e ls engineers new flex-
tinental maps are interlocked to within

ibility and economy
a range of error of 50 to 500 feet. Thus, | in planning radiation

in the opinion of George B. Kistiakow- | facilities.
sky, chairman of the House panel and
formerly science adviser to President Reliability from experience with more than 300 particle accelerators in the field.

Eisenhower, “the accuracy of target lo-
cations is already known with sufficient HIGH VOLTAGE ENGINEERING
adequacy.” Pointing down the length of BURLINGTON, MASSACHUSETTS, U.S.A.

the House Caucus Room, where the APPLIED RADIATION CORPORATION

hearing was held, James A. Van Allen HIGH VOLTAGE ENGINEERING (EUROPA) N.V.
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Semantics
of
high-strength
materials

synergism (sin’er-jiz’m), noun [Mod. Latin synergismus,
from Greek synergos, working together]. Theological: the
doctrine that the human will cooperates with divine grace
in effecting regeneration. Mundane, but most provocative
to those concerned with high strength materials: the simul-
taneous action of separate agencies which together have
greater total effect than the sum of their individual effects.

fibre (fi'ber), noun (also fiber) [French fibre, from Latin
fibra]. A slender, threadlike structure, esp. suitable for
weaving. Curiosa, early 17th century: the entrails.

resin (rez’’n), noun [Middle English & Old French resine;
Latin resina, from Greek rhetine]. A solid or semisolid
organic substance exuded from various plants and trees
or prepared synthetically. Of the latter origin, a polymer,
particularly of the thermosetting class.

reinforced plastics (ré’'in-forst’ plas’tiks), noun. Multi-
phase structural materials combining the ridiculous me-
chanical strength of a resin with the appalling instability
of a fibre to produce ultimate materials of astonishing
strength, whose antiquity is attested to by existent (and
quite usable) mummy cases, and whose future is indicated
by the service requirements of diverse craft intended to
operate beyond the earth’s atmosphere.

CDF, abbrev. for Continental-Diamond Fibre Corpora-
tion, originator of the first commercial line of phenolic
laminated plastics more than 50 years ago, and today the
industry’s leading producer of laminates, printed circuit
boards, vulcanized fibre, flexible insulation, mica products,
molded plastics and extreme-temperature materials for
advanced industrial and military uses. An organization
both energetic and synergetic, meaning that we will be glad
to work with you toward the solution of your materials
problems. When can we get together? Continental-Diamond
Fibre Corporation, Newark, Delaware. A subsidiary of
The Budd Company.

CONTINENTAL-DIAMOND FIBRE
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of the State University of Iowa ob-
served: “It really makes very little differ-
ence whether the center of impact of a
thermonuclear weapon is in one corner
of this room or another.”

Failure to release the flashing sched-
ule, according to Fred L. Whipple of the
Smithsonian Astrophysical Observatory,
will largely nullify the usefulness of the
satellite, which calls for a maximum
number of fixes from many points
around the earth. The secrecy order, he
said, is in violation of the U.S. pledge
given to COSPAR (Committee on Space
Research of the International Council of
Scientific Unions) to launch an “open”
geodetic satellite.

The geodetic satellite, it appears, is
neither the first nor the most heavily
classified U.S. satellite project. In a re-
cent editorial Flight International, the
journal of the British Royal Aero Club,
charged that the U.S. has made six
launchings since October under its secret
Samos reconnaissance and Midas early-
warning satellite programs. No basic or-
bital data, the magazine said, has been
released on any of the six. At least one
has nevertheless been observed from
Britain.

| Toward Man

P’rom a hillside in Kenya has come a

new exhibit in the gallery of human
ancestry. The creature is represented by
a fossilized bony palate with several
teeth attached, plus a lower molar. Both
teeth and palate place their owner some-
where between Proconsul, a primitive
ape of 25 million years ago, and the
earliest known tool-making man, who in-
habited East Africa about two million
years ago.

L. S. B. Leakey and his wife Mary,
British prehistorians who have made
several major discoveries in East Africa,
found the remains in a slope above a
river valley 40 miles from Lake Victoria.

| The site, a former British outpost called
Fort Ternan, has long been known for its
richness in fossils. In 1959 a farmer from
the area sent the Leakeys a sack of bones
collected on his farm. They were un-
usual enough to bring a visit from the
prehistorians and, last fall, a digging
crew from their permanent camp at
| Olduvai Gorge in Tanganyika. In addi-
tion to the primate fragments the ex-
cavators uncovered a wealth of fossils,
including the first evidence of a small
ancestor of the present-day giraffe.

The Fort Ternan primate, which has
not yet been given a name, had low-
crowned molars and canine teeth that
projected only a fraction of an inch be-



represents the thrust of four Pratt &
Whitney Aircraft jet engines — thrust
which, day in and day out, moves 140-ton
jetliners through the skies at 600 miles

per hour. E_; —

represents the thrust of United Aircraft
Research Laboratories’ new oscillating-
electron ion engine for space exploration.
Its power is puny compared to that of the
mighty jet. But, in frictionless space, this
electrical propulsion system uses tiny
amounts of fuel to move payloads as large

PRATT & WHITNEY AIRCRAFT -

as jetliners—at much higher speeds. Now
under development for the Air Force, this
ion engine may be the dependable, con-
tinuously acting force needed for journeys

Q

across space. _ @V‘f}i

The oscillating-electron ion engine is
only one example of the expanding prod-
uct spectrum at United Aircraft. This
pioneering corporation serves industry,
commerce, and defense with unmatched
research capability and the multiple
skills of 60,000 people. United Aircraft
is a significant and growing force in power,
propulsion, nuclear energy, electronics,
vertical flight, navigation and controls.
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IN AEROSPACE, MARQUARDT MEANS...
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Thermionic Pioneer

Thomas Edison, in 1883, first noted electron emission from a hot
cathode to a cooler anode during his development of the incandescent
light bulb. Today, this basic effect is being used for the direct
conversion of nuclear, solar, and chemical heat to electricity.

As a leader in the field of energy conversion, The Marquardt Corporation
is engaged in projects extending into the major areas of direct
conversion — thermionic, magnetohydrodynamic, and electrochemical.
These projects are resulting in new orders of efficiency and reliability —
and are opening unusual terrestrial and extra-terrestrial applications.

Energy conversion typifies only one aspect of Marquardt’s
continuing efforts in advanced research and development. Scientists
interested in participating in these are invited to contact us.
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low the incisors—both prominent char-
acteristics of human teeth. A depression
in its cheekbone below the eye resem-
bles a feature associated with muscles
for control of the lips in man, which are
not found in apes. The fossil primate,
Leakey said, is not a hominid but “would
seem to be heading toward man.” It was
established as being 14 million years
old by Garniss H. Curtis and Jack F.
Evernden of the University of Califor-
nia, who carried out radioactive-dating
tests on the rock in which the remains
were found.

Messengers by the Milligram

he first evidence that mammalian

cells depend on the same sort of
“messengers” as bacterial cells do for the
transmission of genetic information with-
in the cell has been reported by an in-
ternational team of workers at the
Rockefeller Institute. Bacterial studies
had previously shown that the synthesis
of proteins in a cell such as the colon
bacillus is directed by the chemical code
embodied in a special form of ribonu-
cleic acid called messenger RNA. This
RNA in turn represents a direct tran-
scription of a code contained in deoxy-
ribonucleic acid (DNA), the fundamen-
tal repository of genetic information.
The new mammalian work is reported
in the Proceedings of the National Acad-
emy of Sciences by Alfred E. Mirsky and
Vincent G. Allfrey of the Rockefeller In-
stitute, in collaboration with two visiting
investigators, Atuhiro Sibatani of Japan
and S. R. de Kloet of the Netherlands.

The Rockefeller group isolated mes-
senger RNA from the nuclei of cells ob-
tained from the thymus gland of the calf.
In contrast with the trace amounts of
messenger RNA obtainable from bac-
terial cells, relatively large amounts—
measured in tens of milligrams—can be
extracted readily from the thymus cells.
Experiments with radioactive tracers
show that the messenger RNA fraction
is the most active form of RNA yet found
in the nucleus.

The way is now open to many im-
portant experiments. It has been shown,
for example, that RNA and DNA chains
that are complementary in composition
will combine to form a “hybrid” helix,
resembling the characteristic helix
formed by complementary chains of
DNA. This means that if one can isolate
the messenger RNA that carries the
manufacturing code for a single protein,
say hemoglobin, one should be able to
find, by a hybridization test, which of
the various DNA molecules in the cell
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research
under

HYDRO-SPACE HELPS YOU IN EQUIPMENT RETRIEVAL

If your underwater research program requires a buoyancy system
with long service life, dependability, high efficiency and reliability,
Hydro-Space can help.

Hydro-Space has engineered, and manufactured jointly with Lithium
Corporation of America, highly efficient floats providing up to 2500
pounds of net buoyancy with a service life underwater of ten years or
more. As the buoyant material, these floats utilize solid lithium metal,
the most efficient noncompressible buoyant material known. Lithium
is safe...not flammable nor violently reactive with sea water. It is
lighter than gasoline or common flotation liquids.

Hydro-Space has under development hollow-body floats and “command
floats.” The latter are compact negatively buoyant systems which
develop lift when sea water is brought into contact with a water-
reactive, hydrogen-generating fuel, upon command from the surface.

Most flotation systems require a ballast-separation device. Hydro-
Space has developed and produced a wide variety of reliable, explosive
components, including bolts, valves, thrusters, cable cutters, latch
pins and destruct devices.

For further information on any or all of these devices ask your secre-
tary to request on your letterhead a copy of our brochure, “Cartridge
Actuated Devices and Oceanographic Equipment.”

ZHEZ Hydro-Space Techpalogy 7
DEPT. A-3, WEST CALDWELL, NEW JERSEY - CAPITAL 8-0440
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nucleus carries the gene for that protein.

An extension of this experiment could
test the assumption, basic to genetic
theory but never really proved, that ev-

ery cell of an organism contains a full

set of genes. If this is so, messenger RNA
for hemoglobin (or any other protein)

| should hybridize with DNA obtained

from any cell of the organism, including
the many cells that do not synthesize
hemoglobin.

Human Cold, Animal Cancer

A virus that causes upper respiratory

infection in man can produce can-
cer in hamsters. So reported John J.
Trentin, Yoshiro Yabe and Grant Taylor
of the Baylor University College of
Medicine at the meeting of the American
Association for Cancer Research in At-
lantic City, N.J., last month.

Like many other investigators, the
Baylor workers have been trying, so far
unsuccessfully, to isolate specific human
tumor viruses from patients with cancer.
A standard technique in this research is
to inject extracts that may contain such
viruses into animals susceptible to virus-
induced tumors. The Baylor group de-
cided to try injecting instead some known
human virus. The idea was suggested
by the fact that certain animal viruses
have been found to cause both acute
infections and, as a later effect, cancer.
Moreover, these viruses cannot always
be recovered from the tumors that they
produce.

As an experimental animal Trentin
and his colleagues chose the Syrian ham-
ster, which is susceptible to cancer
viruses from other species of animals. As

'experimental viruses they selected the

group known as adenoviruses because of
a general resemblance to some animal
tumor viruses. Nine different types of
adenovirus were inoculated into the
lungs of newborn hamsters. Eight had
no effect. However, the ninth, adeno-
virus Type 12, produced malignant
thoracic tumors in 41 of 45 animals with-
in three months.

Type 12 is one of the rarer of the 28
related viruses isolated to date from
the adenoids, tonsils or throats of patients
with upper respiratory infections or his-
tories of recent infection. Much further
research, Trentin emphasized, will be
required to determine whether or not
it plays any part in human cancer.

Energetic Electrons

The newest member of the family of
giant particle accelerators, the Cam-
bridge Electron Accelerator, has gone



DEPTH NMIANAGENMENT IN ACTION

PROBING NEW WAYS TO PROTECT SPACEMEN

In a new, half-million dollar research center, LTV scientists are
producing nuclear radiation equal in intensity to the powerful
Van Allen belts through which space vehicles must navigate.
This effect is created by a three-million electron volt *‘atom
smasher’’ which is used in studying ways to protect men and
materials from radioactivity. The new center also houses a
plasma arc which produces temperatures twice as intense as
those observed on the surface of the sun. Coupled with a pre-
cise optical spectrograph, this equipment gives LTV scientists
one of the most advanced facilities of its type in the world.
The man responsible for molding scientific activities into a pro-

LING-TEMCO VOUGHT,

1

gram that supports company product goals is Ray Blaylock —
LTV vice president and technical director. A vital component in
LTV's management in depth, Mr. Blaylock also heads the corpo-
ration’s electronics division. His 33 years’ experience includes
key parts in developing the Navy's record-breaking Crusader
aircraft, and in the engineering development of NASA’s Scout
— first U.S. solid-fuel rocket to orbit a satellite. This caliber of
management, linked with proved technical competence in aero-
space, electronics, communications and consumer products,
enables LTV to make important contributions to the security,
prestige and the well-being of our nation.
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into operation. A joint undertaking of
Harvard University and the Massachu-
setts Institute of Technology, the new
machine began generating a 2.2-billion-
electron-volt (Bev) beam—the most en-
ergetic electron beam yet produced by
man—early in March. Its designed out-
put, a beam of electrons traveling at
.999999996 the speed of light and with
an energy of six Bev, should be attained
this summer.

Like the 30-Bev proton accelerators
at Brookhaven and CERN, the Cam-
bridge machine is a synchrotron: it ac-
celerates particles held in a circular or-
bit by a magnetic field. Particles mov-
ing on a curved path lose energy by
electromagnetic radiation, and with
electrons having an energy approaching
10 Bev this loss nullifies any increase in
power. Electrons with an energy of more
than 10 Bev can be generated only in
huge linear accelerators, such as the two-
mile-long, 20-to-45-Bev machine to be
built at Stanford University (see “The
Two-Mile Electron Accelerator,” by
Edward L. Ginzton and William Kirk,
SciExTIFIC  AMERICAN, November,
1961).

Machines like the Cambridge accel-

erator nevertheless have a key part to | |

play in critical areas of nuclear physics.
Until now exotic fundamental particles
have been created in the laboratory
chiefly with high-energy protons. Such
particles can also be produced with six-
Bev electrons, and the processes in-

volved should be easier to analyze be- |

cause electron interactions involve only
the well-known electromagnetic forces
and not nuclear forces, which are not so
clearly understood.

Electron accelerators similar to the
Cambridge device are also being built at
Hamburg in West Germany and at
Yerevan in the U.S.S.R. The Cambridge
accelerator, which occupies a site on the
Harvard campus, has a track 236 feet in
diameter. To keep bursts of electrons
in the track for the 10,000 circuits re-
quired to attain an energy of six Bev, the
machine employs the principle of
“strong magnetic focusing” devised
originally for use in large proton accel-
erators by a group headed by M. Stanley
Livingston of M.LT., who will direct
the operations of the new Harvard-
M.LT. facility. The machine cost $12
million to build.

Semitic Minoans?

l\few evidence that the “lost” language

of the Minoan kingdom in ancient
Crete was Phoenician has been brought
forward by the classical philologist Cy-
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OFFERS NEW DESIGN POSSIBILITIES!
i

NOW-:

The excellent properties of TEFLON'
In easy-to-process FEP film

New TEFLON* FEP film provides an opportunity to exploit fully the
outstanding properties of TEFLON. Many applications, previously difficult
or impractical, are now possible because FEP film can be laminated, sealed,
thermoformed . ..even cemented with common adhesives.

This ease of processing has already created a range of new products
with TEFLON. Manufacturers, some of whom had early fabrication prob-
lems with TEFLON, now are using FEP film in pressure-sensitive tape,
fuel cells, belting, gaskets, and many release and anti-stick applications. It’s
priced competitively with other fluorocarbon materials...even less, if you
consider “in place” costs through the ease of fabrication.

The attached reply card will get you complete details on this exciting new
product...made only by Du Pont. Mail it to Du Pont’s Film Department,
N-9531SA, Wilmington, Del- A >
aware.Your inquiry may pro-
vide a new solution to your TE F I-ON FEP

. FLUOROCARBON FILM
present or future designs.

Better Things for Better Living

*Du Pont registered trademark. » « « through Chemistry
Pleasesend me complete technical dataonnew “Teflon™ My design problems are:
FEP film. (Fill out this coupon and mail it to: Du Pont
Co., Film Dept., Rm. N-9531SA, Wilmington 98, Del.) PROPERTIES PROCESSING TECHNIQUES
[[] Physical [[] Laminating:
NAME .. et v et cn et vt ineaer e ee et [J Mechanical heat
[J Thermal adhesives
Job responsibility « v .vviiiiiiiii i [J Electrical (] Sealing:
[J Chemical heat
COMPANY « v. v etenneneneniteneeeeneniesnenenens [J Release adhesives
[] Weatherable [] Cementing
AdAress. oo vvivii ittt i i i i i e e a e b [ Other [] Thermoforming
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The face of the sun may now be studied in safety and comfort with a steadiness of
detail previously unknown. Pictures of professional quality like the one above may
be taken with the 7-pound Questar and a single-lens reflex 35-mm. camera body.
The best solar work is possible when Questar’s patented solar filter, essentially a thin
film of pure chromium, keeps the terrible heat of the sun wholly outside the telescope.
Only that tiny fraction of light needed for direct vision is admitted. Incredibly
enough, no one previously had ever thought to diminish the solar radiation save after
it had passed through most of the instrument, warping lenses or mirrors, and often
permitting the intensely hot “burning-glass™ solar image to endanger an observer’s
eye protected only by a dark glass liable to crack in such heat. The choice of
chromium for this reflective filter is a happy one because it transmits all visible colors
without selective absorption. May we send you the Questar booklet which will

tell you in detail about the world’s Q U E S T f R

finest telescope ? Questar costsonly
$995 in its fitted English case and
Box20 New Hope, Pennsylvania

is sold only direct from the factory.
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rus H. Gordon, chairman of the De-
partment of Mediterranean Studies at
Brandeis University. Five years ago
Gordon stirred up a controversy by iden-
tifying the language of Linear A—a script
used in Minoan Crete before its conquest
by the Greeks in the 15th century B.c.—
as Akkadian, the Semitic tongue spoken
in Babylonia. On the basis of new trans-
lations Gordon now declares that the
language of Linear A was really Phoeni-
cian (like Akkadian a Semitic language)
and that Phoenician was also the lan-
guage of Eteocretan, a script employed
in some communities of Crete 1,000
years later.

Ancient Cretan inscriptions and tab-
lets contain three forms of writing—
Linear A, Linear B (which uses many
of the same symbols) and Eteocretan—
all of which long resisted deciphering.
In 1952 the puzzle of Linear B was
solved by Michael Ventris, a young Brit-
ish architect and amateur cryptog-
rapher. Ventris showed that Linear B
was Achaean Greek (the language spok-
en by Homer’s heroes) written largely
in Minoan symbols. When the Achaean
Greeks conquered Crete, they took over
not only many Cretan arts but also the
Cretan script. In 1957 Gordon found that
he could read as Semitic words many
symbols in Linear A inscriptions that
were obviously warehouse lists and the
like. His conclusion that the Minoan lan-
guage was probably Semitic was prompt-
ly challenged, however, since the iso-
lated words he had translated might be
nothing more than “loan words” bor-
rowed by the Minoans for use in their
own tongue.

Last year a new edition of the Minoan
texts, prepared by W. C. Brice, was pub-
lished in England. The volume included
clear photographs and ink copies of 18
Linear A cult objects containing whole
phrases and sentences. With their aid
and with the aid of other clues, Gordon
was able to establish the language of the
inscriptions as being Phoenician. He next
tackled the problem of Eteocretan, a
Greek-letter form of Minoan inscribed
on four stones dating to about the fifth
century B.Cc. Assuming that Eteocretan
was also Phoenician, Gordon was able to
translate whole phrases.

Gordon terms his finding that Phoe-
nician-speaking people were living in
Crete in pre-Greek times “more impor-
tant to historians than the Dead Sea
Scrolls.” He holds that Greek and
Hebrew cultures can no longer be said
to have developed independently; both

sprang from a common Semitic heritage
P

| that spanned the entire eastern Mediter-

ranean in Minoan times.



purposeful imagination....in concept

The men of Aerospace, a corporation chartered exclusively to serve the United States Government, blend the full
resources of modern science and technology in developing concepts for advanced ballistic missile and space systems.
O With the Air Force-science-industry team, the men of Aerospace marshall individual talents for the full
exploration and assessment of advanced concepts, selected for significant potential. Aerospace contributes
advanced systems analysis and planning; theoretical and experimental research; general systems engineering and
corresponding technical direction of programs. O Aerospace Corporation, an equal opportunity employer, now needs
more men to meet these responsibilities. Highly skilled engineers and scientists with advanced degrees, knowledgeable
in interdisciplinary problem solving, are urged to contact Mr. George Herndon, Room 120, Aerospace Corporation,

P O. Box 95081, Los Angeles 45, California. O Organized in the public

interest and dedicated to providing objective leadership in the advancement AE RO S PAC E
and application of science and technology for the United States Government, CO RPO RATION
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MALARIA

It still disables more people than any other disease. Many

nations in which it 1s a major problem now aim, with the aid

of the World Health Organization, at its total eradication

by Carlos A. Alvarado and L. J. Bruce-Chwatt

f all the ills that afflict mankind
O few have taken a higher toll than
malaria. From earliest times it
has laid a cruel burden on much of the
earth’s human population. Again and
again it has erupted in epidemics as
deadly as the plague of the Middle Ages.
Today it still disables more people and
exacts a higher material cost than any
other disease.

Yet today the outlook is increasingly
hopeful. Although many difficulties still
lie ahead, the way to success has in
principle been found. During the past
15 years modern methods have cut the
number of cases of malaria from a world-
wide total of 350 million to fewer than
100 million. Moreover, in several areas
eradication has already been achieved.
There now seems no reason to doubt that
the same results could be attained in
the remaining malarial regions of the
globe. A continuing international cam-
paign aims at nothing less than the com-
plete eradication of malaria from the
whole human population.

Of the antiquity of malaria there can
be no doubt; that it antedates man him-
self is shown by the fact that the al-
most identical parasites that he shares
with the anthropoid apes are survivals
of a common heritage. As the earliest
records from Assyria, Egypt and China
attest, the disease was clearly recog-
nized at the time of the most ancient
civilizations. Hippocrates gave the first
detailed clinical description of malaria,
noting its cyclic character and its as-
sociation with swamps. The Romans of
a few hundred years later were well
aware of this association and avoided
marshy lands, particularly when they
were building military camps and new
settlements. During the whole of the
Middle Ages and until the 19th century
malaria was widespread throughout Eu-
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rope, even in the northern latitudes. It
is not known with any certainty whether
malaria existed in pre-Columbian Amer-
ica. The Spanish conquerors of South
America suffered from it, and it seems
certain that the disease was widely
spread by the slaves brought to America
from Africa.

Malaria is essentially a chronic dis-
ease. It causes, apart from its classic
fevers, high infant mortality, stillbirths
and abortions; it produces anemia with
enlargement of the spleen, and it pre-
disposes those who suffer from it to
other infections. In areas where agri-
cultural production and levels of life
are already low, its economic effects
are obvious: food supplies are further
reduced by the fact that large malarial
areas are left untilled, and social and
economic development are profoundly
retarded.

The greatest epidemic of malaria in
modern times struck the U.S.S.R. in the
year following World War I. More than
five million cases were reported in 1923,
with at least 60,000 deaths. In Brazil
the introduction of a foreign species of
mosquito from Africa in 1938 produced
100,000 cases and killed 14,000 people.
As recently as 1958 an epidemic in
Ethiopia claimed thousands of lives.

The Parasite

Two thousand years ago in Rome,
Columella and Varro surmised that dis-
eases were caused by “minute animals,”
but until the 19th century malaria was
ascribed to the effects of unwholesome
emanations from damp, low-lying lands;
hence the name mal’aria. As often hap-
pens, physicians found a way to treat
the disease long before they understood
its cause. In 1632, after the conquest
of Peru, the bark of the cinchona tree
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was brought back to Europe and proved
to be the first efficacious remedy. Some
200 years later quinine was extracted
from cinchona. The availability of the
preventive drug made it possible for men
to enter the most malarial areas in com-
parative safety. On the west coast of
Africa, where malaria had claimed hun-
dreds of the early missionaries, explor-
ers and traders, William Balfour Baikie’s
expedition up the Niger in 1854, sup-
plied with quinine, lost not a single
man. Yet 49 years earlier Mungo Park,
on his last (and fatal) journey to dis-
cover the mouth of the Niger, lost 40
of his 45 men in five months.

Finally, in 1880, the French army
physician Charles Louis Alphonse Lav-
eran identified pigmented bodies in the
blood of malarial patients as the organ-
ism responsible for the disease. There
followed several years of intensive stud-
ies, and some confusion, before the de-
velopment of the parasite in the red
blood cell was traced and the different
species of plasmodium were classified.
By then it was established that four spe-
cies infect man. Plasmodium vivax, the
most widely distributed, causes benign
tertian malaria (fever recurs every third
day). P. falciparum, the second most
common type, is responsible for the most
dangerous infection, malignant tertian
malaria, which is often fatal if not treat-
ed; this organism thrives best in hot
climates and is mostly confined to the
tropics. P. malariae causes quartan ma-
laria, a relatively uncommon form that
persists because it can remain in the
blood for years. P. ovale, the rarest type,
is confined to the west coast of Africa,
where it produces a mild infection.

Once the parasite had been found, it
became possible to study its transmis-
sion. The idea that mosquitoes might
carry the infection is mentioned in a



INTENSIVE SPRAYING of an entire malarial region for several an old caravansary near Kamaradi, Iran. The World Health Or-
years is the key to eradication. Here a sprayman is working in ganization helped Iran start its eradication campaign in 1957.
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Sanskrit work of the sixth century B.c.
There was no serious investigation of
the matter, however, until the 1890’s,
after mosquitoes had been proved to
transmit filariasis. Then Ronald Ross,
a British army surgeon in India, under-
took to find out whether they play a
similar role in malaria. At first he tried
infecting Culex and Aédes mosquitoes
by allowing them to feed on malaria
patients, but he discovered that the
parasite failed to develop in these in-
sects. Only when he began to work with
the Anopheles mosquito did he find a
host in which the plasmodia could com-
plete their life cycle.

Unable to continue working with hu-
man volunteers, Ross transferred his ex-
periments to the malaria of birds. He
fed mosquitoes on infected birds, then
laboriously traced the parasite in its
different phases of development through
the organs of the insect. After hundreds
of dissections he at last found the
answer he was seeking. The organism
completes its cycle in the salivary gland
of the mosquito, in the form of sickle-
shaped bodies called sporozoites.

Ross’s work (for which he won a
Nobel prize in 1902), together with in-
dependent and slightly later studies of
human malaria by Giovanni Battista
Grassi in Italy, now provided a complete
picture of the life cycle of Plasmodium,
except for one gap. After a mosquito

MALARIA HAS DISAPPEARED
OR NEVER EXISTED

[ ]

MALARIAL

IN CONSOLIDATION PHASE

MALARIA ERADICATED

bites a human being, several days pass
before the parasite appears in the blood.
Where it goes in the meantime was not
discovered until 1948. In a brilliant
series of experiments H. E. Shortt and
P. C. C. Garnham of the London School
of Hygiene and Tropical Medicine
traced the missing plasmodia to the liver.

The marvelously complicated life
cycle of the malaria parasite now stood
fully revealed [see illustration on pages
90 and 91]. When sporozoites are in-
jected by a mosquito into the blood-
stream of a human being, they migrate
to the liver. There they remain for six
to 12 days, developing into large bodies
with many nuclei, called primary tissue
schizonts. At the end of the period the
bodies divide into a large number of
small merozoites, which enter the blood-
stream and invade the red blood cells.
In some species of parasite, merozoites

also lodge in the liver, producing sec-
ondary tissue schizonts. These mature
periodically, releasing their crop of
merozoites and causing relapses, often
many months after the primary attack.
In the red blood cell the merozoites
grow first to trophozoites and then into
small, pigmented erythrocytic schizonts.
In a few days the infected cell ruptures,
the schizonts release a new supply of
merozoites into the circulating blood,
and the red blood cell cycle starts over
again. Some of the parasites in the blood
develop into sexual forms called gameto-
cytes, which are taken up by a mosquito
with its blood meal.

In the mosquito’s stomach the male
gametocyte expels hairlike flagella that
enter the female gametocyte and ferti-
lize it. The fertilized gametocyte elon-
gates, pierces the wall of the stomach
and becomes encysted on its outer sur-
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STATUS OF MALARIA throughout the world at the end of 1960 is
shown on these maps. Eradication campaigns are being planned or

88

© 1962 SCIENTIFIC AMERICAN, INC

are under way in many of the areas that are still malarial. On a map
of this scale it is not possible to indicate the situation on smaller



face. Within this oocyst thousands of
sporozoites develop, to be released into
the body cavity of the insect when the
cyst bursts. The sporozoites migrate to
the salivary glands, ready to continue
their life cycle when the mosquito bites
another human being.

The Control of Anopheles

Of some 2,000 known species of
mosquito in the world, some 400 be-
long to the genus Anopheles. Females of
about 100 species of the genus can har-
bor the malaria parasites of primates,
including man. Only about 60 species,
however, are sufficiently closely asso-
ciated with man to rank as important
vectors, or carriers of disease. General-
ly a continent or group of countries has
no more than 10 different species of
Anopheles that act as vectors, and often

no more than one or two species are the
main transmitters of malaria.

Once the role of the mosquito was
recognized, malaria control became a
practical possibility. Since Roman times
swamps had been drained as an antima-
laria measure. Now drainage was sup-
plemented by the destruction of mos-
quito larvae on the surface of the water
by means of poisonous substances. Short-
ly after the turn of the century cam-
paigns in the Panama Canal Zone as well
as in Malaya and India demonstrated
that drainage and larvicides can exclude
malaria from limited, intensively treated
areas.

To apply these methods on a large
scale, however, was prohibitively ex-
pensive and in many cases impossible.
Drainage works are costly to undertake
and 1'equire constant maintenance. Lar-
vicides must be applied indefinitely and

frequently. Many malarial areas contain
no swamps or open waters and do not
lend themselves to easy draining. Mos-
quitoes breed in puddles, gutters, holes
in trees, wells, pools in rocks and for-
ests, leaf axils, drains, furrows, hoof-
prints and other places that will hold
water—many extremely difficult to lo-
cate, let alone drain or treat.

In 1935 G. A. Park-Ross and Botha de
Meillon reported from South Africa that
better and cheaper results could be ob-
tained by attacking the adult mosquito
with pyrethrum sprays in houses. Not
only is the number of mosquitoes great-
ly reduced but also many die before the
parasite can complete its development
or before they can pass on the infec-
tion. Three years later the insecticidal
effects of DDT were discovered; these
effects, together with the fact that DDT
sprayed on walls and ceilings retains
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populous islands. Malaria has been eradicated on Puerto Rico and
several other islands in the Caribbean; most of the remaining
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Caribbean islands have eradication programs. The status of malaria
in mainland China, North Korea and North Vietnam is not known.
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its potency for months, were to revo-
lutionize antimalaria methods further.
Female Anopheles, having fed on man,
usually enter houses and settle there
to rest and digest the blood meal that
alone can ensure maturation of their
eggs. On the treated surfaces they pick
up a fatal dose of insecticide, from which
they soon die. After the appearance of
DDT other insecticides soon followed:
benzene hexachloride, chlordane, diel-
drin and malathion.

The Eradication of Malaria

It would be impossible to overesti-

CYCLE

GROWTH STAGES

OF 0OCYST

LIFE CYCLE OF PLASMODIUM, the malaria parasite, involves
numerous changes of its form in both the mosquito and the human
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mate the importance of the change-over
from the attempt to eliminate the larva
to the attack on the adult mosquito.
Houses, unlike potential breeding places,
are easy to locate. Their area of wall
surface can be closely estimated, and it
is possible to forecast accurately require-
ments in materials, equipment, person-
nel and finance. Moreover, the residual
effect of the insecticide reduces the num-
ber of applications to two or three a
year. Thus for the first time the logistics
of malaria control became relatively sim-
ple and campaigns became both opera-
tionally and economically possible.
After World War II many nations took

IN MOSQUITO
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GAMETOCYTES |
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BY MOSQUITO

SPORONTOCIDAL

up the new approach in earnest [see
“The Eradication of Malaria,” by Paul F.
Russell; SCIENTIFIC AMERICAN, June,
1952]. The World Health Organization
of the United Nations furnished leader-
ship as well as technical and financial
assistance. WHO inherited a long tradi-
tion of international co-operation in the
fight against malaria, going back to the
establishment of the Pan American Sani-
tary Bureau in 1902. In subsequent years
the Rockefeller Foundation and the Ma-
laria Commission of the League of Na-
tions encouraged and helped the estab-
lishment of control schemes in many parts
of the globe. The scope of their earlier

——

SPOROZOITES

MATURE FEMALE
GAMETOCYTE

MATURE MALE
GAMETOCYTE

DRUGS

DRUGS

host. Various drugs can attack the parasite at different stages.
Although most of the life cycle was known by the beginning of

INJECTED BY MOSQUITO
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efforts was set, however, by the limita-
tions of the drainage and larvicide tech-
niques.

Once the potentialities of large-scale
spraying were demonstrated, the pro-
gram expanded rapidly. The number of
national malaria-control projects in-
creased from 13 in 1949 to 29 in 1953.
During the same period the number of
people protected rose from 872,000 to
6.5 million. By 1955 the control of ma-
laria had been widely extended and the
idea of eradication was beginning to be
considered as a real possibility. This was
supported by four major considerations:

First, malaria control schemes as they

this century, it was not until 1948 that the primary tissue stage in
the liver was discovered. The light, wavy arrows here represent

then existed offered no hope of a final
solution and postulated a permanent
financial burden. Moreover, as soon as
malaria ceased to be a problem of im-
mediate urgency, interest flagged and it
became more and more difficult to raise
the funds necessary for the efficient
maintenance of the control scheme.
Eradication, although initially far more
costly, held out hopes of a permanent
solution and eventual release from heavy
financial commitments.

Second, experience in Sardinia, Italy,
Cyprus and British Guiana had shown
that complete elimination of the
Anopheles mosquito is not essential to

SCHIZONTOCIDAL
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eradicate malaria. One of the earliest
and best-executed antimalaria programs
proved this point on a large scale in
Venezuela. Provided that the Anopheles
population can be reduced below a cer-
tain critical level, transmission of the
parasite is no longer maintained and the
infection dies out.

Third, malaria infection in the two
main forms found in man is not long
lived, even in the absence of specific
treatment. If, therefore, in a community,
over a period of three years, all the
old infections have been cured or have
died out spontaneously, and if there is
no importation of malaria from the out-
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SIR RONALD ROSS, who proved that mosquitoes transmit ma- cutta in 1898. He obtained the final proof in his monumental studies
laria, is shown with his wife, assistants and bird cages in Cal- by infecting the mosquitoes with avian, not human, parasites.
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side, no further infection should arise.

Fourth, the alarming reports of mos-
quito resistance to insecticides called
for rapid and decisive action. Only by
an intensification of effort, by the in-
clusion of all possible malarial areas
and by the radical interruption of trans-
mission in the shortest possible time
could man hope to win his fight with
malaria.

This last point was of particular sig-
nificance. In 1951 the first reports of
resistance of Anopheles to DDT had
come from Greece. Even more disturb-
ing were the later reports of higher de-
grees of resistance to some of the newer
insecticides. In 1956 only five species
of Anopheles were involved, but by the
end of 1960 resistance had appeared in
populations of 29 species, 16 of them
important malaria vectors. At the pres-
ent time most of the cases of resistance
are to dieldrin or related compounds,
some to DDT, and in a few cases re-
sistance to both groups was reported.
If the opportunity to eliminate malaria
were not seized in time, the resistance of
the mosquitoes might eventually put it
out of reach. This explains why so much
basic and applied research on the prob-
lem of resistance is now in progress.

The Eradication Campaign

The goal of the global eradication of
malaria was formally adopted at the
Eighth World Health Assembly in 1955.
A resolution put the program under the
supervision of WHO and the Pan Amer-
ican Health Organization. It also set up
a special account for funds to be do-
nated by UN member nations to help
defray the additional cost of eradication
campaigns.

These campaigns differ from control
projects in the thoroughness with which
they are planned and carried out. The
time factor is a very important one;
once spraying has started no delays can
be tolerated. Careful preparation and
accurate planning must cover all pos-
sible contingencies that might hold up
the scheme. Spraying with a residual
insecticide must cover the area com-
pletely in order to interrupt transmis-
sion as rapidly as possible. Thereafter
all remaining cases of malaria must be
detected and treated to prevent the re-
establishment of transmission.

The campaign proper is preceded by
a pre-eradication survey to delimit the
malarial area of the country, to obtain
data on the prevalence of malaria and
to assess the effects of the disease on
the population. In addition, an ento-
mological investigation provides infor-

mation on the local vectors and on
their susceptibility to insecticides. Type,
dosage and frequency of application of
the insecticide are also determined at
this stage. Existing facilities are ex-
amined and estimates made for sup-
plies and equipment, transport and
budget. On this basic information a plan
of operations is drawn up that must be
agreed on and signed by the govern-
ment of the country concerned before
the first phase of the campaign can be
undertaken.

This preparatory phase consists of a
geographical reconnaissance; that is, the
enumeration of houses, the establish-
ment of administrative boundaries and
the arranging of itineraries. It also cov-
ers the setting up of laboratories and
entomological units, the recruitment and
training of spraying teams, technicians
and administrative personnel and the
organization of transport and supplies.
During this period also comes the build-
up of public relations and the health
education of the population. If necessary
legislation must be sought to ensure right
of entry for the spraying teams and the
enforcement of compulsory notification
of malaria cases in the later stages. The
preparatory phase must cover at least
one year in order to take into account
changing seasonal conditions.

Following the preparatory phase
comes the attack phase: intensive, total-
coverage spraying. At the same time in-
fection rates and entomological findings
are constantly reviewed to assess prog-
ress. Careful watch is kept for signs of
resistance in the mosquito population.
After a period of three to four years
spraying may be stopped if it has been
shown that transmission has been defi-
nitely interrupted and infection rates
have been reduced to well below one
per 2,000 of population.

Next is the phase of consolidation. All
remaining pockets of transmission must
be eliminated by small-scale spraying,
and all people still infected must be
cured. The main activity now consists in
the detection of cases. This means check-
ing every person with fever symptoms,
by house-to-house visits and by screen-
ing fever patients in hospitals and
clinics. All suspected cases are reported,
and blood samples are promptly sent to
the laboratory. Every person with con-
firmed malaria must undergo treatment
at once.

These activities continue for at least
three years. If at the end of that time no
new infections are turning up, the pro-
gram passes into its final phase of main-
tenance. A special organization is no
longer required. The procedure now
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falls within the normal routine of the
local health services. Reporting of
malaria remains compulsory and all
cases are treated by the local doctor or
nurse. As far as possible the origin of
each infection must be traced so that
potential sources of disease can be dealt
with.

The foregoing outline hardly suggests
the magnitude of the effort and the diffi-
culties that lie in its way. In 1959, for
example, more than 100 million houses
were sprayed. The campaign required
130,000 sprayers and consumed 60,000
tons of insecticide. On the medical side
no fewer than 45 million blood smears
are now being examined annually by
3,000 microscopists working full time.
In some countries transport alone con-
stitutes a herculean task. Elsewhere the
chief problem may be the structure of
the houses (which sometimes consist of
no more than a roof and four posts), the
habit of replastering or repainting houses
at frequent intervals, or the nomadic life
of the population and the impermanence
of dwellings and settlements. Another
difficulty is that some species of
Anopheles tend to bite out of doors and
do not settle on walls afterward.

Moreover, the efficiency of the spray-
ing campaign—that is, the speed with
which it interrupts transmission of ma-
laria—depends on the type of malaria
encountered. In intensely malarial
areas transmission is high, a large pro-
portion of the population is infected, the
mosquito vector has a relatively long life
and the climate favors rapid develop-
ment of the parasite and repeated infec-
tion in the course of the year. Here the
density and longevity of the vector must
be reduced to a very low level to in-
terrupt transmission. This requires a cor-
respondingly long and intense effort.

As has been mentioned, a spraying
campaign must go hand in hand with a
continuous and accurate measurement of
the amount of infection in the region.
In the early stages this incidence can be
determined by two classical methods:
palpation of the spleen to detect its en-
largement and examination of blood
smears in random samples of the popula-
tion. When the infection rate drops be-
low 3 per cent, however, these methods
are no longer sensitive enough. Then the
only way to assess the amount of malaria
remaining is to find and check every
case of fever. In areas of endemic malaria
even this may not be good enough.
People who suffer frequent infection
throughout life may develop a degree
of tolerance to the parasite and show
few, if any, clinical symptoms of their
infection. Such carriers are the source
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of persistent infection in a community,
and blood examination of the entire
population is the only means of detect-
ing them.

Antimalaria Drugs

Although total-coverage spraying is
largely responsible for interrupting the
transmission of malaria, the final clean-
up can be accomplished only by using
drugs to treat the remaining cases. The
wide variety of synthetic antimalaria
compounds now available is a legacy of
World War II research, when the Jap-
anese occupation of Indonesia cut off
supplies of quinine. Some of the syn-
thetic drugs—such as proguanil and
pyrimethamine—are prophylactics; they
prevent the establishment of the para-
site in the liver, cutting the infection
short before symptoms appear. Others
—including quinine, mepacrine (ate-
brin), chloroquine and amodiaquin—
attack the plasmodia in the red blood
cells and are used for treatment. Pama-
quine and the new primaquine also kill
gametocytes, thereby interrupting trans-
mission from man to mosquito. Anti-

EXECUTIVE
ORGANIZATION

relapse drugs—such as primaquine—act
on secondary tissue schizonts in the liver
cells.

Mass drug administration has often
been advocated as a means of eradicat-
ing malaria. Unfortunately all these
drugs are rapidly excreted by the body
and when used for prevention of malaria
must be administered frequently and
regularly. In military units and similar
organized groups such mass administra-
tion of drugs has been most successful.
On a country-wide scale, however, this
approach, which would mean frequent
and regular dosing of every man, woman
and child in a large population, poses
insoluble problems of organization, dis-
tribution and, above all, persuasion. Un-
derdeveloped countries with inadequate
health services are particularly unsuited
to such an attempt.

Interestingly enough, the ingenious
large-scale use of drugs has been intro-
duced in certain parts of Brazil. Because
one of the chief vectors in the area is
an outdoor biter, and because most of
thelocal houses have no walls, the spray-
ing campaign met with little success.
Chemotherapy seemed to be the only
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answer, but the vast territory involved,
the inaccessibility of many villages and
the shy and even hostile attitude of the
more remote people made the direct
distribution of drugs impossible. Mario
Pinotti, the Brazilian Minister of Health,
decided to add chloroquine to salt, much
as iodine has been added in regions of
endemic goiter. A government monopoly
guaranteed that the whole population
would get the medicated salt. It was ex-
pected that if everyone in the area re-
ceived enough chloroquine to suppress
malaria, this method would be com-
pletely effective. Pinotti’s method is now
undergoing field trials in several coun-
tries.

Meanwhile the plasmodium, like the
mosquito, is developing resistance to
some drugs. In certain parts of the
world malaria parasites do not respond
normally to the prophylactic drugs pro-
guanil and pyrimethamine; in Colombia
resistance to chloroquine and amodia-
quin has been reported. The search for
new antimalaria compounds continues,
with the hope not only of keeping ahead
of the developing resistance but also of
some day finding a drug that will be ef-

NATIONAL PUBLIC
HEALTH SERVICE

cline in reservoir of old infections; deeper shading denotes rate
of transmission or new infections. Arrow A marks interruption of
transmission, B an infection rate of only one person in 2,000, at
which point total-coverage spraying of the malarial region can end.



fective over a long period when given in
a single dose.

In spite of all the practical problems,
and of the growing resistance of mos-
quitoes and parasites, there is no doubt
that well-planned eradication cam-
paigns, unhindered by financial or ad-
ministrative  difficulties, can achieve
complete success. Starting its campaign
in 1952, the U.S.S.R. has eliminated ma-
laria from the whole of its vast area. It
was able to assign almost unlimited per-
sonnel to the task and to make use of its
widespread network of public health
units. Venezuela and Mexico have car-
ried out their programs with outstanding
drive and determination. In the latter
country an imaginative educational ef-
fort enlisted the active support of all
citizens, and the logistics of the program
was planned and assisted by the Mexi-
can army. At present India is conducting
the biggest campaign, covering a popu-
lation of 420 million. When it began in
1958, the Indian program ran into a

number of difficulties, in large part be- |

cause of its very size, but it is now pro-
gressing so satisfactorily that in the spring
of 1962 areas inhabited by 140 million
passed from the attack phase to the
phase of consolidation. Mainland China,
where mosquitoes are classed with flies,
rats and sparrows as one of the four great
plagues, is known to be attacking malar-
ia, but it has released little information
on methods or results. On Taiwan a well-
planned and well-executed malaria
eradication program has met with out-
standing success. )

Two years ago an interesting inciden-
tal finding was considered by some to
be a new threat to the goal of eradica-
tion. Some workers in a laboratory car-
rying out research on lower monkeys
contracted an infection of Plasmodium
cynomolgi bastianellii, which had pre-
viously been thought to be a purely
simian parasite. Studies in the U.S. con-
firmed the ability of the parasite to infect
man and also showed that it can be
transmitted from man to monkey to man
by an Anopheles mosquito. This remark-
able discovery posed the problem of the
feasibility of malaria eradication in areas
where infected monkeys are numerous
and live in comparatively close associa-
tion with man.

It does not seem that these fears were
justified. What is actually known is that
two strains of malaria parasite of lower
monkeys from Malaya can survive and
develop in man and in lower monkeys,
and that two species of North American
Anopheles can transmit the infection
under experimental conditions. That
such transmission can occur in nature
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is far from certain. It is not known
whether other species of Anopheles mos-
quitoes, in Malaya or elsewhere, feed on
monkeys in the wild, nor whether the
insects become infected, nor whether
they enter human dwellings and feed on
man often enough to maintain the chain
of transmission. The possible significance
of simian malaria as a reservoir of in-
fection for man will be clear only when
human malaria comes close to the van-
ishing point in Malaya, Borneo, Indo-
nesia, the Philippines, Brazil and
Taiwan, where the monkeys may be
infected.

The WHO Effort

A few figures will give an idea of the
present extent of the international eradi-
cation effort. In 1961 the population
living in malarial or previously malarial
regions throughout the world amounted
to 1,420 million. Of these, 317 million
now live in malaria-free areas and 710
million more in places where eradication
programs are now under way. Prelimi-
nary planning has begun in countries
having a population of 170 million. This
leaves some 223 million as yet totally
unprotected.

Not all the programs are equally suc-
cessful. Some have been disappointing

96

so far. Nevertheless, there is every rea-
son for optimism. At the present rate of
progress malaria should be eradicated
from continental Europe by the end of
1962, and from the Americas, North
Africa and a large part of Asia within
the next 10 years. Progress in much of
Africa is slower, however, and it would
be difficult to make a forecast at this
stage.

What is the cost of ridding the world
of this burden? In 1959 WHO made a
highly conjectural estimate of $1,691
million. For 1958 and 1959 an annual
expenditure of $90 million can be defi-
nitely accounted for, and in 1960 $103
million. More than half of this amount
came from the countries directly con-
cerned. The rest was furnished by
WHO, the United Nations International
Children’s Emergency Fund, the UN
Technical Assistance Board, the Pan
American Health Organization and U.S.
bilateral funds. The sums mentioned
do not include contributions from other
sources, such as the Colombo Plan of the
British Commonwealth, the French
FIDES funds and other types of bilat-
eral assistance.

Although the over-all contribution of
the international agencies is much less
than that of national governments, the
international funds play an important

ol LRI
MALARIA CONVOY in Burma uses elephants. Tanks of spray
guns can be seen on first two elephants. One of the most difficult
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catalyzing role. In many cases national
funds would not have been forthcoming
without the stimulus of international as-
sistance. Until 1955 the financial re-
quirements of the malaria campaign
remained well within the regular budget
of WHO. Thereafter they increased so
rapidly that in 1955 the Malaria Eradi-
cation Special Account was created, the
funds to be provided on a voluntary
basis by member states of the UN. By
the end of 1960 the total amount re-
ceived or pledged amounted to $12,-
772,000, of which $11 million came
from the U.S. Unfortunately many coun-
tries that had never known malaria, or
that had been free from the disease for
a long time, gave little or nothing, and
the contributions fell far short of actual
needs. The World Health Assembly in
New Delhi in 1961 therefore decided to
finance malaria eradication programs out
of the regular budget of WHO. As eco-
nomic conditions improve and produc-
tion iises in underdeveloped countries,
they will be able to bear more of the
costs. However, since most eradication
schemes require at least eight years to
reach the maintenance phase and since
many areas are only in the planning
stage, financial relief will not come soon.

In addition to helping to finance
eradication programs, the funds dis-

aspects of an eradication campaign in countries without numerous
roads is simply reaching the dwelling places in outlying areas.
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bursed by WHO support a massive pro-
gram of research and training. Labora-
tories in many parts of the world are now
carrying out a promising large—scale
search for new insecticides. WHO has
prepared and distributed special test kits
for determining the susceptibility of dif-
ferent species of Anopheles to various
insecticides. This information is useful
not only in planning specific campaigns
but also in fundamental studies of the
biochemistry and genetics of resistance.
Other entomological research is con-
cerned with mosquito behavior, distri-
bution, species differentiation and
ecology; the chemistry of insecticides is
also being studied. Parasitology, chemo-
therapy and epidemiology are the sub-
jects of important research projects. To
provide at least the cadres that can set
up and operate eradication programs,
WHO organizes courses for physicians,
BLOOD SAMPLE is taken from African child in Cameroon. Microscopic examination of sanitarians, entOlﬂO]OgiSfS, laboratory
smear on slide will reveal any malaria parasites. Blood sampling is a key part of a campaign.  technicians and administrative officers.

It is frequently said that antimalaria
campaigns are adding to the world’s
woes by contributing to a population
“explosion” in underdeveloped coun-
tries. There is no doubt that the malari-
ologist’s work invariably reduces death
rates and increases longevity. To this he
pleads guilty; but this indictment must
be shared by the physicians who cure
or prevent any disease, the engineers
who build dams and pipe water supplies,
the architects who convert slums into
clean houses, and generally by all who
in any way contribute to the improve-
ment of health standards. But if some
lives are saved and others prolonged,
it is also true that regained health and
energy are reflected in well-tended
crops, more abundant harvests, reclama-
tion of long neglected lands and regular
attendance in workshop or factory.

This is not to deny that the rise in
population has often outrun the rise in
productivity and economic develop-
ment. In countries where it has hap-
pened there is so much to do and there
are so many problems to solve that
progress cannot be uniform on all fronts.
The best that the public health worker
can do is to attempt to co-ordinate medi-
cal progress with progress in general
and, where possible, to direct his efforts
at those infections that play the most
important part in the vicious circle of
poverty, ignorance and disease. Healthy
and educated populations are a pre-
requisite of rapid social and economic
advance. In highly malarial countries no
real progress in any field is possible until
the burden of disease is lifted and men
SALT CONTAINING CHLOROQUINE, an antimalaria drug, is distributed in Cambodia, ar€ free to give their full strength to the
The medicated salt helps eliminate malaria where spraying is not completely effective. task of building a better life.
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Who’s helping to send TB patients back home?
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NYDRAZID® IS A SQUIBB TRADEMARK

The tubercular bacillus is a tough bug — and an elu- the body, even into the cell. Used early enough, as part
sive one. Even streptomycin can’t go to work on it until of the drug therapy, Nydrazid has helped keep the

the bacilli have actually broken down the body cells. By disease from spreading and slowed down bacterial
thenit’s often toolate to do areal clean-up job. Besides, resistance. Patients have been able to leave the hos-
these bacilli are very tricky types. Hit them again and pital sooner and continue treatment under their doc-

again with an antibiotic and they’ll tors’ care at home.
actually change their structure so the ’\ Partly through the use of Nydrazid,

drug can’taffect them. (And if evenone deaths from TB in this country
in a million bacilli resists treatment, " dropped 60% in 8 years. Best news of

thediseasemayflareup all over again.) all, perhaps, is the recent indication

Problem: how to tackle tuberculosis inside the cell. that Nydrazid, administered to the exposed families of
The Squibb Division of Olin pioneered in providing the TB patients, may actually prevent TB.
answer: Nydrazid, a powerful antituberculosis drug Another creative solution to a problem...from the
with molecules so small they can travel anywhere in Squibb Division of Olin.
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COMPLEXITY OF WIRE EXPLOSION is readily apparent in pressure drops, the “head” shock wave (see diagram on opposite
these photographs made in author’s laboratory by the streak-inter- page) grows weaker, wire starts to expand later and then expands
ference technique. The three copper wires were exploded in argon less, and electric arc and ionized gas, or plasma, at “tip” occupy
at pressures of 1/4 (top), 1/16 (middle) and 1/32 atmosphere. As more space. Each picture covers about 20 millionths of a second.
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Exploding Wires

FLine copper wires exploded in the laboratoryv by a large burst

of electrical energv produce shock waves that are analogous

to those created by meteorites and muissiles in the atmosphere

nyone who has changed a blown
{s fuse and noticed the black spot
on the little mica window has
seen something of the effects of an ex-
ploding wire. Such explosions go back to
the early days of the study of electricity.
In 1774 the Philosophical Transactions
of the Royal Society in London described
an experiment in which several wires
were exploded at once to prove that the
current in every part of a closed circuit
is the same. Although the demonstration
was inexact, it carried conviction—ener-
getic wire explosions give rise to a loud
noise and a brilliant flash of light.

It is not difficult to make a thin wire
explode: just connect it across a fair-
sized condenser charged to a few thou-
sand volts. In the days of Leyden jars
and Wimshurst machines wires probably
exploded frequently by accident. Ob-
serving the phenomenon in detail, how-
ever, has not been so simple, and under-
standing it is a job that has only begun.
Physicists have analyzed the light flash
with spectroscopes since the 1920’s but
until recently had found out compara-
tively little about the changes that occur
in the wire itself. Surprisingly, the mech-
anism that causes the loud noise has only
recently been examined in detail. (The
somewhat similar case of the thunder-
clap that accompanies a lightning bolt
is far from understood.)

Current interest in exploding wires
has arisen because certain related phe-
nomena have become important. The de-
velopment during the past 20 years of
high-speed photography with submicro-
second exposure times (a microsecond is
one millionth of a second) and of meth-
ods for displaying equally brief electrical
pulses has made it possible to measure
the fluid motions and electrical changes
encountered in wire explosions. In the
same period problems connected with
high-speed flight and with ionized gases,

by Frederick D. Bennett

or plasmas, have revived interest in the
study of fluid mechanics, a subject neg-
lected by physicists since the time of
Kelvin and Helmholtz. Analysis of the
shock waves and other patterns of flow
around exploding wires can provide val-
uable information about the analogous
disturbances caused by meteorites, mis-
siles and other high-velocity objects
traveling through the atmosphere.
Practical problems in space technol-
ogy and in the field of thermonuclear
power have created a great interest in
plasmas and their behavior in magnetic
fields. Plasmas can be produced in wire
explosions. Wires exploded in air or oth-
er reactive gas mixtures create free radi-
cals and unusual short-lived molecules.
Light from the explosion can be used to
trigger photochemical reactions. In our
work in the Ballistic Research Labora-
tories at the Aberdeen Proving Ground
we have primarily been studying the
shock waves produced by exploding
wires. Recently we have also been in-
vestigating the associated plasmas.

N/[any variables affect the course of
~VL an explosion: the length, thickness
and material of the wire; the density and
chemical composition of the surrounding
gas and, of course, the amount and rate
of addition of electrical energy. In our
laboratory we normally use a uniform
copper wire about two centimeters long
and a hundredth of a centimeter in di-
ameter, exploding it in air or in the inert
gas argon at pressures from one atmos-
phere (14.7 pounds per square inch)
down to a few thousandths of an atmos-
phere. Our explosions are usually in the
moderate energy range—an electrical
pulse of several thousand amperes is de-
livered at rates no higher than 100 mil-
lion watts. This is quite a bit of power
in everyday terms, but some experiments
involve thousands of times more. Inordi-
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nate amounts of electrical energy are
never required, however, because the
pulses are extremely short.

The instant the current comes on, the
greatly overloaded wire begins to heat.
After about half a microsecond it expands
smoothly to several times its original di-
ameter. The temperature of the metal is
inferred to be far above its normal boil-
ing point. As the copper atoms separate,
the resistance of the wire rises and also
the voltage across it. The high voltage
has created many tiny arcs between
parts of the scattering metal. After the
wire has expanded to three or four times
its original diameter it can no longer con-
duct and the current drops sharply. The
surrounding magnetic lines of force,
which were induced by the current, col-
lapse and cause an additional voltage.
Now the total voltage across the wire
may considerably exceed the original
voltage in the condenser. At this point
an explosion takes one of two courses.

SHOCK STRUCTURE in the middle and
bottom photographs on opposite page is
complex. Stippled tip here marks the ap-
parent outer boundary of the plasma. Gray
lines just behind denote a weak shock wave
in the plasma, whereas broken lines mark
edges of expanding wire. The heavy black
lines represent the primary, or “head,” shock
wave moving out through the ambient gas.
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SEQUENCE OF EVENTS during explosions of wires is shown in photographs of different
wires made at successively later times. First photograph was made 1/2 microsecond after
electric current was turned on. Tiny arcs appear at one microsecond, followed by “dwell”
(third and fourth photographs) lasting one microsecond. Internal arc strikes at two micro-
seconds. Last photograph was made seven microseconds after current was turned on. This
series was made by Werner Miiller at the Laboratoire de Recherches Techniques in France.
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When the voltage is high enough to
strongly ionize the surrounding gas, the
electric current is simply transferred into
the gas as an intensely luminous arc that
forms a hollow cylinder around the wire.
The material of the wire continues to ex-
pand, and the arc around it grows larger
and then decays in intensity. Meanwhile
a disturbance separates from the outside
edge of the expanding wire and races
ahead into the gas. This is the primary,
or “head,” shock wave. If enough energy
remains in the circuit, another arc finally
forms inside the hollow cylinder of dis-
persed metal. In our laboratory we work
mainly with this continuous-current type
of explosion.

The other type of explosion occurs if
the voltage is too low to break down the
gas around the wire. When the wire be-
comes nonconducting, the explosion en-
ters a “dwell” phase, in which the wire
continues to expand but practically no
current flows. The shock wave appears
during this period. The dwell lasts a
microsecond or so, then an arc strikes
along the inside of the cylinder and the
explosion becomes luminous. This arc
may form a second shock wave. Mean-
while the wire material continues to ex-
pand until it finally loses its symmetry
and disappears.

In either kind of explosion a good deal
remains to be learned about the behavior
of the metal. It is not clear whether the
wire expands as a uniform, superheated
vapor and condenses into molten drop-
lets that then solidify, or whether it dis-
perses as a vapor mixed with molten or
solid particles. Some of the evidence in-
dicates that pressures inside the explod-
ing wire, when the current is near the
maximum, are several thousand times
greater than pressures in the outer parts
of the expanding material. Such large
differences suggest that the exploding
matter is not in a uniform, finely divided
state. Indeed, both X-ray and light
photographs show striations across the
wire, and the X-ray pictures reveal gaps
along its length. The exploding wire
seems to resemble a stack of rings, with
periodic spaces, lying on its side. The
equations of fluid dynamics predict a
hollow cylindrical form for an exploding
wire but offer no insight into the origin
of the ring structure.

The foregoing description rests pri-

marily on direct photographs of ex-
ploding wires, in particular the remark-
able series made by Werner Miiller at
the Laboratoire de Recherches Tech-
niques in France [see illustrations at left],
and on X-ray pictures made by G. Thom-
er at the same institution. Such series are



usually compiled by exploding a number
of identical wires under identical initial
conditions and photographing them at
successive times. A few sequences of
pictures of single wires exploding have
also been made.

In our laboratory we do not view the
whole explosion at isolated instants but

follow a small section of it continuously
throughout its history. For this purpose
we use a streak camera, invented in 1893
by C. V. Boys of England for studying
sparks. The wire is placed behind a nar-
row slit and at right angles to it. In
front of the slit is a rapidly rotating mir-
ror [see top illustration on next two

pages]. As the mirror spins it sweeps the
image of the slit over a photographic
plate, thereby spreading out the tem-
poral sequence spatially. In the classic
form of the camera, light is furnished
by the explosion itself. In the modified
camera that we have developed, the light
comes from a pulsed arc lamp synchro-

0 MICROSECOND

5 MICROSECOND

1 MICROSECOND

£¥l e
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TWO MODES OF EXPLOSION are the dwell, in which the flow of
electric current is interrupted, and the continuous-current explo-
sion. Arrows indicate that current is flowing. Both types start in the
same way. Lower voltages in the condenser favor dwell type (left).

s u\miahmm«;
1.5 MICROSECONDS

1.75 MICROSECONDS

2 MICROSECONDS

After dwell, an arc (color) strikes through expanding cylinder of
metal. In continuous-current explosion (right) an arc forms around
expanding metal at 1.5 microseconds; the internal arc appears
later. In both types the shock wave appears at 1.75 microseconds.
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nized with the explosion, or from a plane
mirror or plaque of parallel reflecting
wires placed behind the exploding wire.
The resulting elongated picture of the
expanding wire and shock waves looks
strikingly like a photograph of a hyper-
velocity missile in flight. (Interestingly
enough, the same equations apply to the
shock trajectories in both.)

We began to use our modified streak
camera in 1958. Until then the shock
wave produced by an exploding wire
had not been clearly observed and was
believed to coincide with the boundary
of the luminous region of the wire. Our
first pictures showed that the shock wave
leaves the luminous metallic region far
behind. It propagates as if it were a blast
wave produced by a cylindrical explo-
sive charge. At the beginning of the ex-
plosion the wire material expands briefly
at extremely high (theoretically infinite)
speeds; some of the expansions have
been clocked at Mach 20 (20 times the
speed of sound). Then the explosion
quickly slows down. A short distance
behind the luminous “tip” that we see in
the photographs—that is, a short time
after the start of the event—the head
shock wave leaves the glowing region,
moving out at a speed of Mach 10. The
subsequent curvature of the wave results
from the fact that it slows down as it
moves away from the wire [see illustra-
tions on page 108].

The streak photographs also revealed
an internal shock wave. This second
wave is set up within the wire material.
In the initial rapid expansion of the wire
the wave is carried outward with the
metal. But the shock itself is actually
propagating inward, and as the expan-
sion slows down, the shock wave begins
to move inward. Eventually it reaches
the axis of the wire and is reflected out-
ward again. Other disturbances inside
the explosion may also be shock waves,
but as yet we cannot definitely say that
they are. In any case the two major
waves account satisfactorily for the
sound energy that eventually produces
the noise of the explosion.

Although the pressure jumps of the
+ X shock waves proper show up well in
the streak-camera photographs, the pic-
tures provide little information about
the conditions of flow behind the shocks.
In other words, the camera shows mainly
the outer surface of a complex, expand-
ing structure. This is particularly frus-
trating to anyone interested in the anal-
ogy to supersonic flight. It is precisely
this region behind the shock wave that
he wants to know about. Fortunately the
density variations in this region can be
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@ COLLIMATOR LENS
SLIT
APERTURE /H /
B
EXPLODING WIRE

AUTHOR’S STREAK CAMERA in the modification using a pulsed arc lamp for back-light-
ing is shown in this highly schematic diagram. The collimator lens makes the light rays
parallel. (A mirror or a plaque of shiny wires is sometimes used instead of the back light
and collimator lens.) Wire shown here is in midst of an explosion. The slit passes a very
narrow beam of light; only a tiny section of the wire is actually photographed. Camera lens

AM SPLITTER (HALF-SILVERED MIRROR

STREAK CAMERA COMBINED WITH INTERFEROMETER produces pictures that can
be analyzed with great mathematical precision. The interferometer splits the beam of
parallel light rays into two beams. When they recombine, bright areas, or fringes, appear
where crests of light waves from one beam combine with crests from the other. Dark fringes
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BEAM SPLITTER

FILM DRUM

CAMERA LENS

focuses the light so that it reflects from one side of the mirror,
a small stainless-steel cube mounted on a cone. Compressed air
blown upward against indentations in the cone spins the cube
at extremely high speed. Its rotation sweeps the image of the sec-
tion of wire onto the film, recording explosion through time. The

PLANE MIRROR

CAMERA LENS

arise where crests of waves meet troughs and cancel. Changing the
angles of the plane mirrors and beam splitters makes fringes wid-
er or narrower. With color filter, as here, multifringe pictures
are produced. White light gives fringes of the colors of the spec-

@ TRIGGER-LIGHT SOURCE

D TRIGGER PHOTOCELL

size of the image is greatly exaggerated here. Another face of the
mirror reflects light from the trigger-light source to the trigger
photocell to set off the explosion and the back light when the
mirror is in the right position to cast the image onto the film.
(The triggering mechanism is omitted in the diagram below.)

FILM DRUM

ROTATING MIRROR

trum. Lighter shade in lower beam and beam coming from mirror
represents image from one point on the exploding wire. All the
photographs on the following pages were made by the author and
his colleagues using one or the other of these two instruments.
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determined with another instrument. Ludwig Albert Zehnder, in 1892. It op-
Once the variations are known, other erates by splitting a beam of parallel
| characteristics of gas motion can be com-  light rays into two beams, directing them
puted. to a common meeting place along differ-
The instrument is a type of interfer- ent paths and then recombining them to

| ometer invented independently by two  produce an interference pattern[see bot-
- | European physicists, Ludwig Mach and  tom illustration on pages 106 and 107].

AS A PROCESS CATALYST

Dry air is an amazing catalyst. It costs
little to produce, and may well be the
medium you are looking for in your
process to improve and maintain qual-
ity of the product, to reduce costs or
to speed up production.

STREAK PICTURE lighted solely by wire itself shows peripheral are (tip), which dies
quickly, and internal are, in which second shock converges, then expands (bright wedge ).

Dry air, with controllable dewpoints
down to —200°F, or lower, is finding new
uses every day. It can replace slow,
costly, and often unsatisfactory heat
drying methods. It can blanket a proc-
ess during oxidation eliminating the ef-
fects of variable reactions of ambient
atmospheric moisture. At high fre-
quenCies it serves as the most satisfac- MIRROR BEHIND WIRE reflects light of esplosion, showing head shock as luminous
fOI"y dielectric. D"Y air is used to blow whiskers. Bright internal wedge is second shock wave expanding after it has converged.
out high KVA arcs across electrical
switches. In dry box assembly opera-
tions it eliminates costly bottled gas
supplies. These are a few of the many
applications for compressed dry air.

What about your process? Take the
first step now—it costs nothing to in-
vestigate the use of dry air in your
process. Simply tell us what you believe
can be done better and more econom-

ically in your operation with dry air. | PLAQUE OF SHINY WIRES instead of mirror stunds behind exploding wire. Refraction
We will suggest equipmen+ necessary of their image vaused by head shock wave shows the shock wave over a longer interval.
and its cost.

TRINITY is the world leader in desic-
cant dryers and filtration equipment for
compressed air and gas.

TH | N|T'{: subsidiary of PALL CORPORATION

TRINITY EQUIPMENT CORPORATION,
CORTLAND, NEW YORK
[ea—ee——an =S = sss A

FLASH LAMP for back light shows head shock as a dark parabola. These streak-camera
photographs were made in air at one atmosphere. Each covers about 15 microseconds.
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If the lengths of the paths are the same,
or if they differ by a whole number of
wavelengths of the light, the waves in
the two beams will be in phase when
they recombine. They will reinforce each
other to produce a bright field. If one
path is a half-wavelength, or any odd
number of half-wavelengths, longer than
the other, the recombining beams will be
out of phase: the crests of one will coin-
cide with the troughs of the other. Ac-
cordingly they will cancel each other
and produce a dark field. By adjusting
the mirrors in the instrument, the length
of one of the paths can be made to in-
crease slightly across the width of the
beam. In that case beams of monochro-
matic light (consisting of a single
wavelength) will recombine to give an
alternating series of light and dark
bands, or fringes. If white light is used,
different wavelengths reinforce at dif-
ferent points; the fringes are limited in
number and take on various colors of
the spectrum.

Now suppose that somewhere along
one of the paths the air or other gas
transmitting the light is made denser.
The beam traversing that path will slow
up and arrive at the meeting place a lit-
tle later than if there were no increase
in density. This changes its phase with
respect to the other beam and therefore
shifts the positions of the fringes by an
amount related to the change in density.

Exploding a wire in one of the paths
produces a complex density pattern that
is mapped by the interference fringes.
With the help of some complicated
mathematics the displacements in mono-
chromatic fringes can be translated into
values of the density. Such calculation
used to take weeks, but today a high-
speed computer can finish it in a few
hours. At present more time is spent per-

forming the experiments, measuring the |

interferograms and studying the com-
puted densities.

In its original form the Mach-Zehnder

interferometer works only with densi-
ty patterns that do not vary with time.
By combining it with the streak camera
we have overcome this limitation. In our
arrangement the same flash lamp back-
lights the explosion and illuminates the
interferometer. The exploding wire lies
across one beam, parallel to the fringes.
When the explosion starts, the rotating
mirror sweeps the interference pattern
onto the film and the shifting fringes
write a detailed history of the density
changes through time. The analytical
methods devised for the study of steady
supersonic flows caused by a projectile
or a high-speed jet can be applied, prac-

ON THE SECOND MORNING
AFTER SHIPMENT, COMMON
CARRIERS FROM GEORGIA

UNLOAD YOUR PRODUCTS IN
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INDUSTRY is on the go to Georgia, because
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Georgia is today's BIG WHEEL in delivery
and distribution to ONE-FOURTH of the
UNITED STATES with maximum efficiency,
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CHART-PAK TAPES MAKE
EASIER WORK OF ANY
VISUAL COMMUNICATION

Almost any fact or idea can be put on
paper faster and easier with Chart-Pak
pressure-sensitive tapes and sheets. Lines,
bars, patterns and symbols are pressed on
— they don’t have to be drawn!

Chart-Pak offers tremendous variety
in widths, patterns, colors and symbols
— transparent and opaque. It simplifies
the making of drawings, graphs, charts,
plant and office layouts, printed-circuit
drawings, maps, slides and materials for
overhead projection.

MECHANICAL PROPERTIES
VES. TEMPERATURES

]
o
T

Tensile stresgth
ensile strengt

F100-

a

2

2 8O p.

e /

E-w_ Yield steength

o
40- -

Elongation

20- N/

LT T A T T

Charts like this easily
drawn with “Tape-Pen

It's no trick to roll on narrow Chart-
Pak tapes with the Chart-Pak “‘Tape-
Pen'' — freehand, against a straight
edge, or following a French curve.
Precise, all-metal tool is built to
gladden the heart of any draftsman,
Seven widths, from %" to 14",

Write for new catalog of materials for

EXCLUSIVE
“TAPE-SAVER" easier vi > =
PACKAGE easier visual communications.

CHART-PAK, nc.

ORIGINATOR OF THE TAPE METHOD OF DRAFTING

263 River Road, Leeds, Massachusetts
Dealers in principal cities in U. S. and Canada
(See Yellow Pages)

10

MULTIFRINGE INTERFEROGRAM shows copper wire exploding in argon at 1/16 atmos-
phere. It was made in monochromatic green light. Brief dip in the fringes in luminous
region at tip is caused by free electrons. Upward curve of the fringes marks head shock wave.

tically without change, to our streak
interferograms.

With this new technique we at once
discovered complications that we had
not suspected before. At the same time
some earlier puzzles were cleared up.
One of these had arisen in our studies
with the modified streak camera of ex-
plosions set off under reduced pressure.
Starting at about 1/2 atmosphere, as the
pressure was reduced, the head shock
wave failed to propagate outward as
rapidly as expected and its energy be-
gan to fall short of the amount thought
to be available for producing the shock.

When we examined low-pressure ex-
plosions with the interferometer, we
found the reason for the delayed appear-
ance and the energy deficit. The clue
was provided by photographs such as
the one reproduced above. At the tip of
the picture (that is, in the earliest part
of the explosion) the fringes shift down-
ward. The head shock wave is outlined
by an upward shift of the fringes. The
shock wave is a region of high density;
light passing through it slows up and is
retarded in phase. Since the upward
shift represents a retardation, the down-
ward shift must signify an advancement
in phase. Such advancements are found
only when light (or any electromagnetic
wave) travels through a gas containing
a large number of free electrons. Elec-
trons are so light that they are set into
vibration by the electrical oscillations in
the light wave, and the resulting interac-
tion between particles and electric fields
advances the phase of the oscillations.

The source of free electrons in wire
explosions is the peripheral arc. Before
the explosion there are a few free elec-
trons around the wire as a result of
cosmic rays and rare high-energy colli-
sions between the gas molecules. When
the voltage approaches its peak, it pro-
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duces a strong electric field that ac-
celerates the electrons. If the voltage
is high enough, each electron builds up
enough speed to knock another out of
one of the molecules it hits. These new
electrons are accelerated in turn and
the result is an avalanche of free elec-
trons moving through an equal number
of positive ions, which together con-
stitute a plasma.

The lower the pressure of the gas, the
farther the electrons travel in the elec-
tric field before hitting a molecule and
the greater the speed and energy they
acquire. Thus the build-up of charged
particles occurs sooner at the lower
pressures and the arc can form earlier
during the voltage rise. When it forms,
it diverts the current and energy away
from the wire. At pressures below 1/2
atmosphere the arc drains energy away
so soon that the wire material cannot
expand fast enough and far enough to
create a major shock. Instead the arc
itself produces the shock by a mecha-
nism involving expansion of the electron
cloud. Finally, smaller impulses from the
wire contribute to the shock structure.

From the observed displacement of
interference fringes in the plasma it is
possible to calculate the density of elec-
trons and therefore the degree of ioniza-
tion. We have found as many as a billion
billion electrons per cubic centimeter,
signifying that 65 per cent of the gas
molecules are ionized. By plotting
curves of constant electron density we
get a good idea of the shape and extent
of the plasma.

Be the streak photograph, the multi-

fringe interferogram has its draw-
backs. It lends itself to quantitative
analysis but it obscures the symmetry of
an explosion as well as many beautiful
and subtle features of the event. We
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..and it was all done with mirrors!

Long before the Christian era, military signaling
with bronze mirrors was standard operating procedure
in China. This means of communication was
used by armed forces through the centuries.

R
=~ !\_:-- Tropospheric scatter—the most
advanced communications method today—
is not done with mirrors. But it is magical how this ultra high
frequency radio technique hops mountains, oceans

and other geographical barriers to carry its messages far beyond the

horizon with unprecedented reliability.

The name Radio Engineering Laboratories, too, has been carried afar. REL
is a pioneer in the design and construction of tropo scatter
communications equipment. You'll find its name on the radio apparatus

in use or on order by fifteen out of eighteen major tropo networks.

REL’s a name you’ll want to remember when you need experienced solutions
to your commercial or military radio communications problems.

exceptional engineers.
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DIFFUSION CELLS

AND CATALYSIS
b i

This series of X-ray diffraction photo-
graphs shows how hydrogen affects the
lattice structure of pure palladium and
the new Bishop palladium alloy. The dis-
tance between rings represents the spac-
ing between atoms. The first two photos
show the lattice structure of pure palla-
dium before exposure to hydrogen (1) and
after saturation with hydrogen (1A). The
new Bishop palladium alloy (2) remains
relatively unchanged after saturation with
hydrogen (2A). This explains its almost
unlimited stability.

=7 30
[E« 2l

This alloy makes possible the produc-
tion of ultra-pure hydrogen by selec-
tive permeation since hydrogen and
only hydrogen and its isotopes can
pass through its modified lattice.

Once again, this shows the remark-
able versatility of the platinum group
metals.

Why not investigate the potential
of ultra-pure hydrogen for catalyst
activation or as a hydrogenation gas?
Ask us about the unique Bishop
palladium alloy which is available in
commercial and laboratory diffusion
cells, as well as experimental test
probes and flat or tubular membranes.

BISHOP

U

MALVERN, PENNSYLVANIA
A JOHNSON MATTHEY ASSOCIATE

112

J.BISHOP & CO.
platinum works

OSCILLOSCOPE TRACES correlated with streak-camera photograph of tip of exploding
wire show that voltage (top trace) reaches peak before light output of explosion (middle
trace). The amount of current in and around the wire (bottom trace) reaches peak, then
starts to drop as voltage reaches a maximum. The mirror made a very fast sweep for picture
at top, which covers 1.2 microseconds. It was made in air at pressure of one atmosphere.

overcome the limitation by using white
light instead of monochromatic light and
a single broad fringe instead of multiple
fringes. (By adjusting the optical ele-
ments of the interferometer it is possible
to spread out the fringes until any one
of them is wide enough to cover the en-
tire photographic field.) Extremely com-
plex flow structures in both the gas and
the copper wire show up plainly in
single-fringe interferograms, especially
when they are photographed in color
[see photograph on the cover of this
issue and illustrations on page 102]. We
are only beginning to analyze the wealth
| of detail the pictures contain, but certain
features stand out at once.
l The head shock wave is more appar-
ent than ever before, and it appears to
be much more complex than we had
thought. At lower pressures the plasma
associated with the arc is sharply out-
lined. Within it one can see weak shock
waves created by the expanding plasma
and reflected outward by the wire mate-
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rial. From the behavior of these waves
it is possible to compute that the tem-
perature in the plasma is about 25,000
degrees Kelvin (degrees centigrade
above absolute zero). Other calculations
indicate that near the boundary of the
arc the electrons are substantially more
energetic than the other particles in the
plasma. Their temperature is estimated
to be two million degrees K.

The edges of the expanding wire are
particularly well defined in the single-
fringe pictures. Furthermore, we think
we can see vapor boiled off the wire by
the peripheral arc at the lower pressures.
If so, we can hope to obtain direct in-
formation about the index of refraction
of metal vapors. Preliminary study of the
fringes within the expanding wire con-
firms the idea that it is a hollow cylinder.

Most of the nuances of single-fringe
interferograms, however, remain to be
explored. It will probably take several
years to understand everything these
pictures can tell us.
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MASS SPECTRUM

MASS CALIBRATION [Amu]
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Mid-scale readings of the ten indicators show safe
levels of ten gases measured simultaneously by a
Bendix Mass Spectrometer. The mass spectrum dis-
played in the lower portion of the panel can be used to
warn of unknown or unexpected constituents.

The Application of Mass Spectrometry
to Space Environment Measurements

Problem: create an instrument which
can continuously monitor the breatha-
ble atmosphere inside a spacecraft;
one which can also analyze whatever
atmosphere exists outside. Important:
the instrument must be able to fit into
the small amount of carefully rationed
space available in the craft.

Without question, mass spectrome-
try (separation on a molecular weight
basis) appears attractive. With this
unparalleled analytical technique, we
can easily detect and identify rela-
tively large numbers of mixed gases.
Unfortunately, standard laboratory
mass spectrometers are of little use in
space work because of their excessive
weight and complexity.

But, the time-of-flight mass spec-
trometer—developed by the Bendix In-
strumentation Group—has great inher-
ent design potential for miniaturizaton,
simplicity and ruggedness. More im-
portant, the principle offers the re-
quired accuracy and speed of analysis.

The original design weighed about

700 pounds. The present instrument
weighs about ten pounds, and lighter
models are on the way. Yet this
extreme miniaturization was accom-
plished with no sacrifice of the unique
performance characteristics.

Advanced sample handling tech-
niques also had to be developed. Truly
representative samples of gases must
be brought quickly to the spectrom-
eter, and the inherently small sample
requirements must be preserved. Our
new time-of-flight mass spectrometer
requires less than 1% of the allowable
leak rate for a three-man capsule!

The end result is a single, stable
instrument which can detect and ana-
lyze complex respiratory gases, with
continuous and simultaneous monitor-
ing of ten or more important com-
ponent gases. It can also quickly scan
the remainder of the mass spectrum
in search of unexpected gases, and
gases not important enough to warrant
an exclusive readout channel.

Other pressing instrumentation prob-

Research Laboratories Division
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lems involve the measurement of mete-
orological parameters such as ozone,
temperature, pressure, turbulence,
dew point, albedo, and a number of
others. For these, were developing
advanced techniques and sensors,
many of which embody new design
approaches to meet limitations im-
posed by the vehicle on size, weight,
and power drain.

Bendix research embraces a com-
plete range of disciplines including
acoustics, nuclear, data processing,
microwave, fluid power, lasers and
masers, guidance, electronics, solid
state physics, and mechanics. Motiva-
tion: to develop new techniques and
hardware for producing complete, inte-
grated, advanced systems for defense,
industrial and commercial applica-
tions. Inquiries are invited. We also
invite engineers and scientists to discuss
career position opportunities with us.
An equal opportunity employer. Write
Director, Bendix Research Labora-
tories Division, Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

THE [}Jy

CORPORATION



Turning theory into hardware

Technological breakthroughs are almost an everyday occurrence in electronics.
Everywhere we see many new scientific discoveries being turned to the service of man.

Hughes is one of those companies whose obligation is not only to form these
theories, but also to visualize how they might be applied. And then to make that
application—both in man’s defense and in the betterment of his life.

Today, Hughes technology is being applied in over 500 projects, programs and studies.

Polaris missile brain

Through the application of its advanced
manufacturing technology, Hughes is now a
a prime contractor in inertial guidance
systems (illustrated above) for the U.S.
Navy's Polaris missile. It is one of the world’s
mightiest, most reliable forces for freedom.

6 "
No-rock” radar
Aware of the limitations of conventional
radar which must "‘rock’ to position
its beams, Hughes pioneered a technology
where the beams are positioned
electronically. Based on land or aboard
ships, this antenna gives 3-dimensional
information—range, bearing and altitude—
on hundreds of targets. Even more advanced
Hughes antennas, which search hundreds
of miles of sky, are now on operational duty.

Modern Falconry

Satellite “switchboard”

Soon, NASA is scheduled to launch the

first communications satellite capable of
being remotely spin stabilized and positioned
in a 22,300 mile-high synchronous orbit.

Just four similar Syncom satellites could
relay the telephone, TV, telegraph and radio-
photo messages of 130 nations. Hughes—
developed and built for NASA, this Syncom
system could add a new dimension to

man's communication with his neighbors.

SLFS T -

In the late 1940s, airborne electronics was in its infancy. Yet, in a few years, U.S. Air Force
jets were equipped with Hughes advanced weapons control systems armed to fire

Falcon missiles. Together (and vastly improved) they have become our most potent air
defense weapon. Hughes—the leading builder<has delivered thousands of control systems
and well over 30,000 infrared and radar-guided Falcons.
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at Hughes

A few are shown to illustrate: Completely new technologies which are creating new
devices... Major improvements in existing technologies... Advanced manufacturing
technologies which produce more reliable hardware for duty in this world—and out of it.

More than 5,000 Hughes engineers help create the theories. More than 20,000 other
skilled Hughes people help translate their work into practical hardware., Together they
are helping create a new world with electronics.

Ion engines for deep-space probes

Hughes research into the theory of electrical propulsion has led to development of ion engines
which are called the “ultimate source of power for deep space trips. Built for NASA,

Hughes cesium-powered ion engines have been "‘test-flown" in space-simulating vacuum
chambers—and are scheduled for actual test in space within the year.

P

Boxed air defense
systems go anywhere

\ir-lifted by helicopter to inaccessible areas,
{ughes new "‘packaged" air defense control
iystems can be ready for operation in
ninutes. The "helihuts'" contain a highly
niniaturized “operations central” plus
:ommunications networks for battlefield
:ontrol of U.S. Army and Marine Nike and
lawk missile batteries.

Missile checker :

Today's checkout systems must provide the
“preventive medicine' that keeps our
missiles in constant readiness.

Result of Hughes advanced computer

Creating a new world with electronics

r ______________________ '1' technology, D-PAT (Drum—Programmed ,
: : Automatic Tester) has a built-in "intelligence'
i H U G H E s : MlcroeleCtronlcs of 1 million bits of information. This capability
: ! Heat, vibration,overweight—these are the is now in the U.S. Air Force's VATE program
L _: enemies of common electronic circuits. One to check and evaluate ICBM missiles—in
T T T HUGHES AIRGRAFT COMPANY example of Hughes micro-miniaturization less time, with greater accuracy, at less cost.

technology puts a complete circuit on a
thin film. Lighter, cooler and more reliable, it
can withstand the most rugged usage in
supersonic airborne systems.

15
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Seismic Shooting at Sea

By setting off explosions in the water and observing how sound waves

from them are reflected and refracted, the oceanographer can determine

the structure of the earth’s crust three miles below the ocean’s floor

ome 70 per cent of the earth’s sur-
S face is ocean bottom. On a topo-
graphic map of the world, until a
few decades ago, this vast terrain was al-
most as empty and featureless as the
ocean itself. Now it has begun to acquire
a detailed landscape. What is more, the
depth of the sediments that lie on it and
the thickness of its rock strata have been
measured. These soundings have shown
that the suboceanic crust is much thin-
ner than the crust of the continents and
have raised broad questions about the
structure and history of the crust as a
whole. One layer of rock in the floor of
the ocean—the “second layer” just be-
neath the sediments—may well be the
original surface of the earth.

The new picture of the ocean floor has
been brought into view largely by waves
of sound. Because sound no less than
light obeys the universal laws of wave
motion, a single kind of measurement
has sufficed to draw the picture. It is
necessary only to observe the time it
takes the sound waves to travel through
the water, sediments and underlying
rock. Application of the laws that govern
the reflection, refraction and speed of
the waves thereupon yields the depth of
the layers below sea level and their
thickness, plots their topography and
even tells something about their physi-
cal properties.

For more than a century seismologists
have studied the waves of motion set off
in the earth by earthquakes in order to
look into the earth’s deep interior. The
sound waves now employed by geophys-
icists to explore the earth at shallower
depths differ from true seismic waves
only in frequency and amplitude; the
sound waves are usually generated by
the detonation of explosives in the
ground or under water.

The idea of creating small-scale arti-
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by Maurice Ewing and Leonard Engel

ficial earthquakes for the purpose of in-
vestigating subsurface geology was first
proposed in 1848 by Robert Mallet, an
Irish engineer. Gunpowder, to be sure,
could not match earthquakes in generat-
ing long-distance waves. But gunpowder
could be fired at will and at an accurate-
ly recorded moment for precise measure-
ment of the travel time of the resulting
waves; to this day seismology is handi-
capped by the difficulty of determining
the exact time of a distant earthquake.
Mallet attempted to measure the velocity
of explosion-generated waves in granite

by firing a gunpowder charge in a bed
of granite and observing through a tele-
scope the ripples that appeared an in-
stant later in a bowl of mercury on the
granite some distance away. Curiously,
little was done with Mallet’s idea until
the 1920’s, when petroleum prospectors
began to use “seismic shooting” in the
search for oil, at first on land and then,
a bit later, in the bays and lakes of
Louisiana.

It was in the Texas oil fields that one
of us [Ewing] had his first experience
with this technique. In 1935 Ewing

DEPTH (KILOMETERS)

b s
ARSI

PRINCIPAL FEATURES of the suboceanic crust as determined by seismic shooting show
it to be roughly five to six times thinner than the continental crust. Two layers of sediment
overlie the “second layer.” The latter was identified as a continuous undersea layer rather
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(then an instructor of physics at Lehigh
University) and his students Albert P.
Crary and H. M. Rutherford conducted
the first experiments with seismic re-
fraction in the open sea. At the prompt-
ing of Richard M. Field of Princeton
University and William Bowie of the
U.S. Coast and Geodetic Survey, they
set off and recorded a series of shots on
a line across the Virginia coastal plain
and 75 miles out to sea off Cape Henry.
From this work came the first seismic
record of the continental shelf.

In the years since then seismic shooting

has become a principal occupation of
oceanographers. The research schooner
Vema of the Lamont Geological Obser-
vatory of Columbia University, working
in co-operation with other vessels, has
gathered more than 200,000 miles of
seismic profiles in all the oceans of the
world, including the Arctic and Antarc-
tic. Today there is more seismic shooting
at sea for scientific purposes than on
land. For one thing, there are fewer
other ways of investigating submarine
geology. For another, it is easier to do
seismic shooting at sea; no permits are
required for setting off the explosives
and no holes have to be drilled. Good re-
fraction and reflection signals can be ob-
tained from within the ocean floor sim-

ply by dropping the charges over the
side of the ship and allowing them to
explode in the water. An experienced
crew can obtain satisfactory records
even in quite heavy weather; shooting
must be discontinued only when work on
deck becomes hazardous or when the
shooting ship can no longer maintain
enough speed to get away from its own
charges.

When a sound wave travels from one
conducting medium to another, for in-
stance from the water of the ocean into
the underlying sediments, the energy is
in part reflected from the interface be-
tween the two mediums and in part re-
fracted (that is, its line of travel is de-
flected) through the second medium. As
in the more familiar case of light, the
angle of reflection is equal to the angle
of incidence. The angle of refraction, as
observed in the apparent bending of a
stick inserted in water, also depends
on the angle of incidence. But it varies
with change in the angle of incidence in
a way that is fixed by the change in the
velocity of the wave as it passes from the
first medium into the second [see illus-
tration on page 119]. If the speed of
sound is higher in the second medium,
the wave is refracted “out” of the medi-
um, that is, toward the surface it has en-
tered; if the speed is lower, the wave is

refracted into the medium away from
that surface. It should be observed here
that the speed of sound (or light) in a
particular material is as much a charac-
teristic of the material as its density. The
speed of sound, in fact, is a clue to densi-
ty; although the two characteristics are
not truly related, the speed of sound gen-
erally increases with density.

Seismic shooting at sea for the pur-
pose of observing the refracted waves
usually involves two ships working to-
gether, one to do the shooting and the
other the “listening.” One vessel pro-
ceeds along a predetermined course and
drops explosives at selected intervals as
it goes, starting as far away as 60 miles
and continuing to fire as it comes up to
the listening ship, passes it and proceeds

SEDIMENTS
"SECOND LAYER"

BASALTIC MATERIAL

MANTLE MATERIAL

GRANITIC MATERIAL

SEDIMENTARY ROCK

DEPTH (MILES)

than an isolated phenomenon during the 1960-61 cruise of the
Vema. The numbers at center show the velocity of sound in kilo-

meters per second in the various layers; sound velocity in water is
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-10

1.5. The diagonal lines at left indicate a region of uncertain struc-
ture in the crust; the position of the Mohorovicic discontinuity
between the mantle and the crust in this region is also uncertain.
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RESEARCH CRUISES OF THE VEMA, the oceanographic re- broken line marks the route of the 17th cruise (1960 and 1961) ;

search vessel of the Lamont Geological Observatory, have covered during this cruise the seismic profiler discussed in the text was first
approximately 200,000 miles since they were begun in 1953. The used to record 30,000 miles of undersea reflection profiles.
18
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as much as 60 miles farther. The charges
range in size from small boosters, for
close-in firing, to standard 300-pound
Navy depth charges, from which sound
waves carry over longer distances. The
listening vessel meanwhile remains still,
with hydrophones suspended in the wa-
ter and with engines and other noise-
making gear turned off to prevent inter-
terence.

The sound waves generated by the
detonation of a charge—concentric
spheres of pressure waves—travel out-
ward radiallv in all directions from the
site of the explosion. The section of the
wave front that starts out in the horizon-
tal plane reaches the hyvdrophones di-
rectlv through the water, traveling at
approximately 1.5 kilometers (one mile)
per second, the speed of sound in water.
The sections of the wave front that im-
pinge on the ocean floor are in part re-
flected from and in part refracted through
the sediments and underlving rock.
They reach the hydrophones at different
times, depending on their itinerarv and
the speed of sound in the mediums
through which they travel.

rl‘o form a mental image of how the
sound waves find such circuitous
routes to the hvdrophones one cannot
do better than to call on the classical
analysis of the transmission of sound
waves first proposed by the Dutch nat-
ural philosopher Christian Huygens in
1690. According to Huygens each par-
ticle set in motion by an advancing wave
front becomes itself the point of origin
of a new wave. It communicates its mo-
tion not only to the next particle in line
but also to all others that surround it,
thereby generating its own spherical
wavelet. The multitude of wavelets ef-
fectively cancel one another in all di-
rections except in the direction of a
straight line drawn from the source of
the sound. In this direction they rein-
force one another to produce a large
wave—an “envelope” of wavelets—that
travels outward unimpeded.

At the interface between two medi-
ums with different characteristic speed
of sound, the particles disturbed in the
second medium by an impinging wave
become the centers of wavelets that
travel outward either faster or slower.
The envelope formed by these wavelets
is turned in a new direction as if it came
trom a different primary source. Thus a
wave that enters a medium in which the
speed of sound is higher is refracted out
toward the surface it has entered. Cor-
respondingly, on moving into a medium
in which the speed of sound is lower it

is refracted into the medium and away
from the surface it has entered.

The speed of sound increases from
layer to layer downward through the
ocean floor. Waves moving downward
are accordingly deflected toward the
horizontal as they cross the interfaces
between successive layers. This is be-
cause they are refracted toward the up-
per surface of each lower layer. At any
one interface one wave will impinge on
the lower layer at exactly the critical
angle of incidence for the layer. The
wave is refracted at an angle that sends
it traveling horizontally along the inter-
face in the upper surface of the lower
layer. This wave is the first one to arrive
at the hydrophones from that layer.

How do such waves escape from the
lavers of rock and sediment to make
their way to the hydrophones? The an-
swer is that the horizontally refracted
wave advancing along an interface sets
particles in motion all along the bottom
of the layer above. Because the speed
of sound is lower in this upper layer, the
resulting wave fronts are refracted into
the layer and hence upward. In fact,
they are refracted upward at an angle
that is the mirror reflection of the critical
angle at which the sound entered the
layer below. By cumulative refraction
through the progressively slower layers
above they are directed toward the sur-
face along a path that forms a mirror
image of the path along which the orig-
inal wave train traveled down from the
explosion [see lower illustration on next
page].

Other waves travel along other paths
through the water, sediment and rock.
They can be reflected as well as re-
fracted, ultimately tracing out more cir-
cuitous routes or more direct but slower
routes that take them for longer stretches

through the water.

‘\ radio signal notifies the listening
= X ship of the instant at which a charge
is exploded. The lines to the hydro-
phones are thereupon slacked in order to
minimize local noise. Two hydrophones
are used as a protection against failures.
They are tuned to pick up sound trans-
mitted through the water in the one-to-
four-kilocycle range (two to four octaves
above middle C) and the sound that
comes through the sea bottom in the
range from three to 30 cycles per second
(at the very lower limit of the audible
range). At any given distance, energy
from a shot may reach the listening ship
through one or two layers only; depend-
ing on the path of the sound, as dictated
by the critical angle of incidence, energy
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transmitted through other layers may be
refracted right around the listening ship.
To make sure that all layers are mapped,
a series of shots must be fired at dis-
tances at least four or five times the
depth of the deepest layers to be investi-
gated.

The first waves to arrive from a shot
fired at a great distance are those from
the deepest and densest layer and hence
the layer through which sound moves
with the greatest velocity. Then comes
the train of waves through the next layer
above and then, in most oceanic areas,
the train through the unconsolidated
sediment on the ocean floor. Finally
there comes the direct water wave, fol-
lowed by one or more reflected waves
that also make the journey entirely by
water but that may bounce back and
forth one or more times between the
surface and the bottom of the sea. Need-
less to say, the sound is greatly at-

REFRACTION of sound passing from one
medium to another can be compared to that
of light. According to Huygens’ principle,
each point on an incident wave front (upper
diagonal broken line) becomes a point
source of wavelets (colored broken lines).
Because sound travels faster in a denser
medium, the first wavelet travels farther in
a given time than the next one, and so on;
the direction of the new wave front (lower
diagonal broken line) is bent away from
the vertical (light, traveling more slowly
in a denser medium, is bent toward the ver-
tical). Snell’s law governs the degree of re-
fraction: the ratio of the sine of the angle
of incidence (i) to the sine of the angle of
refraction (z) is a constant; the constant is
also equal to the ratio of the speed of sound
in the first medium to that in the second.
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tenuated by the time it reaches the
hydrophones—to less than one ten-mil-
lionth of its original energy.

Each train of waves records itself
as a series of oscillations of considerable
duration. The sound of the original shot
is smeared out in time because the waves

28 26 24 22 20

take such different paths to the hydro-
phones. Investigators are currently try-
ing to decode the information that may
be contained in the amplitudes and fre-
quencies recorded by the oscillographic
camera. For the present, however, inter-
est centers on the first squiggle written

18 16 14 12 10

WATER-WAVE TRAVEL TIME (SECONDS)

L LU

on the recording film by each train of |
waves. This records the “first arrival” of
the refracted waves from a given layer
and gives the travel time for sound
through that layer.

The velocity of sound through the lay-
er is found by plotting its travel time

40

GROUND-WAVE TRAVEL TIME (SECONDS)
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\

e

TRAVEL.-TIME GRAPH (top)

SHOOTING SHIP

==

plots distance (in travel time
directly through the water; one second equals 1.5 kilometers)
against the time required by two representative ground waves from
four shots (bottom) to travel through the crust to the hydrophones

SHOOTING SHIP

P

of the listening ship. The shallower wave (G2) of the first shot is
too weak to be distinguished; the deeper wave (GI) of fourth shot
is refracted around hydrophones. Layer depths are calculated from
extrapolation of data

(broken lines) to vertical co-ordinate.

LISTENING SHIP

REFRACTION SHOOTING usually involves two ships, the “shoot-
ing ship” dropping explosives as it moves toward or away from the
“listening ship.” The hydrophones of the latter pick up refracted
waves that travel along the interfaces between various layers as
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well as reflected waves, some of which bounce back and forth
several times before they reach the hydrophones. Because the speed
of sound is greater the denser the medium, the waves from the
deeper layers arrive ahead of those from the shallower layers.



against the travel time of the direct wa-
ter wave [see upper illustration on oppo-
site page]. Since the velocity of sound in
water is known, the velocity of sound
through the sediment and rock layers is
thereby determined. With some mathe-
matics, the travel-time graph can also be
made to yield the depth and thickness of
the crustal layers. The record may some-
times be obscured by irregularities in the
topography of the bottom. Major topo-
graphic features can be detected by
shooting “reverse profiles,” in the back-
ward as well as the forward direction,
along the line of shots. Details of struc-
ture, however, are missed in refraction
shooting.

rFo develop such details, submarine

geophysics is now equipped with a
technique of reflection shooting that is
essentially a high-powered expansion of
the familiar technique of echo sounding,
which measures the depth of the bounc-
ing sound waves from the bottom. The
echo sounder’s electrically generated
“ping” is too weak to penetrate much be-
low the interface of water and sedi-
ments. Petroleum geologists have used
explosive charges to generate echoes for
mapping salt domes and other forma-
tions near the bottom in shallow waters.
The echoes from deep suboceanic strata
are too attenuated, however, to be de-
tected by a hydrophone towed behind a
moving ship.

Last year a method of reflection shoot-
ing that surmounts this difficulty was
developed by John Ewing and his asso-
ciates at the Lamont Geological Ob-
servatory. By firing bigger charges and
slackening the hydrophone cable with a
winch, it is now possible to obtain de-
tailed reflection records of the sub-
oceanic crust down to 15,000 feet below
the bottom. A new device, the seismic
profiler, automatically records the
echoes. Even more detailed records will
soon be achieved with the help of me-
chanical sources that will generate more
frequent pulses of sound and eliminate
the hazard of handling explosives.

To convert the echo record to a profile
of actual depths and thicknesses requires
a determination of the sound velocities
of the various layers. This determination
in turn requires refraction shooting. But
reflection shooting simplifies the task by
locating areas for refraction shooting
where the crustal topography is smooth.
The combination of the techniques now
promises to speed up the work of sur-
veying the strata beneath the sea.

In a remarkably few years seismic
shooting has taken the measure of the

REFLECTION SHOOTING provides crustal details that are not obtainable with the re-
fraction method. Use of the seismic profiler to record the shot reflections (i.e., the echoes)
yields an echogram cross section of the undersea crust (see top illustration on next page).
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sive arrivals (indicated by colored arrows) of four waves. The first
(“Ground Wave 1”) has traveled through the crust at a greater

depth than has the third (“Ground Wave 2”). The second wave
(“Water Wave”) has traveled directly through the water. “High”
and “Low” refer to the frequencies of the sound waves detected.
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major features of the suboceanic crust.
The uppermost layer of sediments has
been shown to be 1,000 to 2,000 feet
thick in the deep basins and up to 40,000
feet thick on the continental shelves.
Composed of materials eroded from the
land and of the remains of marine life,
the sediments are characterized by a
sound velocity of 1.5 to 2.2 kilometers
per second. This is equal to or only
slightly greater than the velocity of
sound in water and shows that the layer
of sediments is not consolidated into
rock. Next below the sediments lies
the “second layer,” a layer of rock one
to one and a half kilometers thick,
characterized by a velocity of 4.5 kilo-
meters per second. The second layer
has been thought to be either volcanic
in origin or to consist of sediments con-
solidated by heat and pressure into stone
of moderate hardness. New findings sug-
gest that it is neither but is probably
composed of igneous rock that became
difterentiated from the underlying “base-
ment” layer when it crystallized from the
molten state. The basement layer, about
3.5 kilometers thick, is characterized by
a velocity of 6.7 kilometers per second,
which indicates that it is composed of
hard, denserock, probably basalt. Below
this lowermost layer the Mohorovicic
discontinuity, or Moho, defines the bot-
tom of the oceanic crust. Here the veloc-
ity of sound jumps to 8.1 kilometers per
second, indicating an abrupt change in
the nature of matter.

Before World War II the Pacific Ocean

was looked on by many earth scien-
tists, because of its size and other fea-
tures, as being the only “real” ocean—
real in the sense of being an early

feature of the earth’s surface and dif- |
fering fundamentally in geology from i

the continents. Other oceans were re-
garded as secondary, formed later and
by processes different from those that
laid down the Pacific floor. This was by
no means a unanimous view, but the evi-
dence to the contrary was inconclusive.
The question was resolved in the first
few years after the war by seismic-
refraction surveys that produced the first
measurement of the thickness of the
sediment layers and the undersea crust
in the Atlantic and Pacific. The vessels
Atlantis and Caryn of the Woods Hole
Oceanographic Institution obtained re-
traction profiles in the Atlantic all the
way down to the Moho. Similar measure-
ments were made in the Pacific by ex-
peditions from the Scripps Institution of
Oceanography. These showed that the
undersea crust in both the Atlantic and
the Pacific is only four to six kilometers
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and produced by Chicago Miniature Lamp
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function. Some were designed to operate far
below the earth’s surface—others in space
ships—still others inside the human body!
Chicago Miniature’s unique ability to engineer
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recognized. Here special lamps or assemblies
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torily—consult Chicago Miniature! Our de-
sign engineers are ready to help solve your
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thick, compared with the 25-to-40-
kilometer thickness of the crust beneath
the continents. An analysis of the path-
ways followed by surface waves from
earthquakes confirmed these results,
showing that the crust below all the
ocean basins is thin and that, in this
fundamental respect, one ocean basin is
much like another and different from
the land.

The division of the earth into distinct
oceanic and continental provinces has
since been sharpened in other ways. As
shown in many refraction studies, the
lightweight granitic rocks characteristic
of the continental crust are missing be-
low the sea. The predominant oceanic
basement rock is heavier basalt. More-
over, it has been found that the con-
tinental margins act as a barrier to the
passage of some types of earthquake-
generated surface waves; such waves
originating at sea often fail to reach the
land and vice versa. Shear waves from
earthquakes traveling through the upper
part of the mantle beneath land show a
velocity different from that of shear
waves in the same region of the mantle
under the sea.

Seismic shooting has also helped to
illuminate the structure of the massive,
40,000-mile-long belt of undersea moun-
tains called the Mid-Ocean Ridge. The
ridge has gained wide attention not only
because of its immense length but also
because of the great rift running down
its middle; the rift suggests that the
earth’s crust is pulling apart along the
center line of the ridge [see “The Rift
in the Ocean Floor,” by Bruce C. Heezen,
ScienTiFIC AMERICAN, October, 1960].
Refraction profiles show that the ridge
is the site of a great anomaly in the
earth’s crust. It is underlain by a belt
of rock with a velocity of 7.5 kilometers
a second, about midway between the
6.7-kilometer velocity of the basaltic
rock of the ridge and the 8.1-kilometer
velocity of the mantle. Nowhere else $n
earth is rock of this kind found in any
quantity.

Last year, using the new method of
deep-water reflection shooting, the
Vema ran a survey to the Antarctic
through the Atlantic and the eastern
Pacific. One of the first results of this ef-
fort was the finding that the second lay-
er, not always detectable by refraction
shooting, lies everywhere beneath the
sea. Moreover, the detailed profiles dis-
closed that the surface of the second
layer is not smooth but quite rough.

The rugged topography of the second
DEPTH CHARGE FUSE is lighted by Charles L. Drake as Maxwell stands by to help push  layer is hard to account for except in
the 300-pound charge through the rail of the Vema. These charges are used at relatively the supposition that it was crystallized
great distances from the listening ship; much smaller charges are used at closer distances.  directly from the molten state. If this

NINE-POUND FLOATED CHARGE is held by John E. Nafe (left), who will light the fuse
and drop it overboard at a prearranged signal. In certain cases the gas bubble generated by
an underwater shot givesrise to false reflection echoes; a charge kept afloat by a balloon, how-
ever, does not generate a gas bubble. At right Arthur E. Maxwell prepares another charge.
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Filters, fabrics and containers do

double duty when coated with ac-
tivated charcoal paint. Sprayed or
brushed on it adsorbs odors in-
stead of producing them. Can be
washed off after saturation. Try a
quart or a tank car.

10

howto 5
cultivate
taste

You can’t sweet-talk contaminated
gas out of your product or proc-
ess. Soda water, hydrogenated
foods and dry ice producers
learned long ago that activated
carbon gas purification is an es-
sential step in producing a palat-
able product. How clean are your

bubbles?
&

how to
give

yourself
the air

Some raw materials are dirt-cheap
- —or even air-cheap. It's a steal
when you can pump in a raft of
outside air and ship nitric oxide
or nitric acid out the back door.
Maybe you want something less
lethal from your oxidation-reduc-
tion process but whatever it is,
activated charcoal when used as a
catalyst does the job over and over
again—and at low cost, too.

activated il
charcoal

Activated charcoal acts as a mo-
lecular sponge, purifies air, gases,
liquids — recovers solvents — re-
moves odors and impurities. Write
for Bulletin K-108. Barnebey-
Cheney, Columbus 19, Ohio.

|

is the case, the layer must have been
formed relatively early in the history of
the sea—at any rate, before the accumu-
lation of the ocean bottom’s present
burden of sediment. The reflection rec-
ords revealed no evidence of any dis-
turbance in the overlying sediments, as

would have occurred if the second layer
had been formed after the sediments had
begun to pile up. If it is found that the
oldest ocean sediments date back to the
early days of the earth, the second layer
may well represent the primordial sur-
face of the earth.

Barnebey
Cheney

TWO OCEANOGRAPHIC RESEARCH VESSELS employed in seismic shooting are the
Lamont Geological Observatory’s Vema (top) and the U.S. Navy’s Josiah Willard Gibbs
(bottom). The former vessel is at present in the South Atlantic Ocean on its 18th cruise.
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CHIMPANZEES IN THE WILD

Although these intelligent apes are familiar 1in the laboratory and

the zoo, they have seldom been observed m their native environment.

A new study has revealed some unexpected features of their behavior

in the wild, most people think, one

can simply go to Africa and look
around in the forest. Nothing could be
further from the truth. Very few people
in Africa have ever laid eyes on these
apes in their natural setting. Because of
their great value as laboratory animals
chimpanzees have been hunted to ex-
tinction in many areas, and elsewhere
they have moved out of range of ob-
servation, deep into the tangle of leaves
and lianas of the rain forest. Until re-
cently no one had even photographed
them undisturbed in their native state.
Meanwhile experimenters continue to
use chimpanzees as ersatz human be-
ings without knowing how the animals
behave except under the artificial con-
ditions of the laboratory and the zoo.

In 1960 I went to Africa to try to find
and observe wild chimpanzees. The ex-
pedition was sponsored by the Institute
of National Parks of what was then the
Belgian Congo, together with several
Dutch scientific organizations and the
Wilkie Foundation in the U.S. For some
months I traveled the breadth of the
continent searching for an open place
that was regularly visited by chimpan-
zees and from which I could conduct
my observations. Finally I found a per-
fect spot: a plantation at the edge of a
forest in the eastern Congo. The planta-
tion, given over to the cultivation of
papaws and bananas, was an ideal feed-
ing ground for the animals, and the Bel-
gian owner did not begrudge them the
relatively small amount of fruit they
took. Within the boundaries of the plan-
tation was a steep, heavily wooded hill
where many of the chimpanzees fre-
quently spent their nights. On the hill
they were protected from preying leop-
ards by the surrounding cultivated fields.
They were also protected from their

If one wants to see chimpanzees living
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by Adriaan Kortlandt

human neighbors—by superstition. The
local people considered the hill to be
sacred, guarded by spirits that would
destroy anyone who killed an animal
there or even felled a tree. Moreover,
the chimpanzees themselves were en-
dowed with magical powers: if a hunter

threw a spear at one of them, the animal
would supposedly catch it, hurl it back
and kill the hunter.

Nter looking over the terrain I built
several observation posts. At the
foot of the main path down the sacred

WILD CHIMPANZEES were photographed by the author from observation posts on a
plantation in the Congo. This group is composed of five adult males. Second ape from left is
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hill stood a large tree, against the trunk
of which I put a blind reached by a
20-foot ladder. A 25-foot tower on the
crest of a small hillock provided an ex-
cellent view of the animals’ central feed-
ing area. For close observation I had two
carefully camouflaged blinds alongside
the chimpanzees” main route on the plan-
tation grounds. I also wanted a pano-
ramic view of the entire area. A great
tree that stood between the forest and
the sacred hill seemed the perfect place,
but its lowest branch was almost 80 feet
above the ground and its trunk was so
smooth and hard that I could not nego-
tiate it with my climbing irons. The
problem was solved by a small band of
Pygmies, who are the Alpinists of the
African forest. One of them used a pair
of lianas to make the first ascent. He
looped a liana around the tree, climbed
into the loop and threw a second one
around the trunk higher up. Pulling him-
self up to the higher loop, he undid the
lower one and again threw it upward. It
was terrifying to watch him, but he

“Granddad.” He was 40 or more years old and the senior member
of the troop the author studied. At far left an animal can be seen

calmly repeated the procedure 40 or 50
times before he gained the lowest
branch. There he attached my rope lad-
der, and he and his companions and I
proceeded to build an observation plat-
form.

Installed in this aerie more than 80
teet high, I could keep almost all the
open ground under observation. One
morning I saw no fewer than 48 chim-
panzees descend the sacred hill; how-
ever, this station had some drawbacks.
On windy days the tree swayed so much
that I could not use my field glasses.
When a tropical thunderstorm came up
unexpectedly, I could only pray that I
would not be electrocuted. And once the
chimpanzees had arrived I did not dare
come down before nightfall lest I betray
my presence and so permanently drive
them away.

Since the apes spent much of their
time in the forest and on their hill, I usu-
ally had to wait in one of my blinds for
hours. The adult males were often the
first to appear, their arrival always her-
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alded by their cries, which grew in in-
tensity as they approached. When they
were quite close to the clearing, they
would fall silent, and a broad black face
would peep out cautiously through the
leaves. Then one by one the males would
emerge; usually each of them carefully
looked and listened before he stepped
out from behind the bushes and trees.
Most of the time at least one of them
walked upright for a while in order to
get a better view of the open ground.
Once they decided they were safe, the
large males broke out in a wild and
deafening display. They chased one an-
other, shrieking and screaming. They
stamped the ground with hands and feet
and smacked tree trunks with one open
hand. Sometimes they pulled down half-
grown papaw trees. Occasionally one of
them would grab a branch and brandish
or throw it while running full tilt
through the group.

In contrast the females, particularly
the mothers, were almost always silent,
wary and shy. Indeed, caution was the

i

=
Vo
o N

emerging from a tunnel the apes used to go from a virgin forest to
the open grounds of the plantation, where papaws and bananas grew.
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most conspicuous feature of maternal be-
havior. The mother’s main task seemed
to be to avoid exposing her offspring to
any risk whatever. Children up to an
age of what I gauged to be four years
were usually carried, even for short dis-
tances. (Chimpanzee children are com-
parable in their development to human
children half again as old.) When a
mother climbed a papaw tree to pick
fruit, her child clung to her back or belly,
and when she and the child ate, they
retired to the edge of the forest, ready to
escape into it at any sign of danger. Even
children up to the age of puberty (eight
or nine years, according to experience
with chimpanzees in captivity) were
seldom let out of sight.

In spite of this close surveillance, the
young chimpanzees led a wonderful life.
They were quite pampered by human
standards, and they were allowed to do
virtually anything they pleased. Some-
times a mother would hand-feed a six- or
seven-year-old as if it were an infant.
Children could occasionally invite them-
selves to share a meal with a strange
mother and child. They were allowed to
touch even the smallest infants and gen-
tly investigate them. They could ride
pickaback on certain of the males. Twice
I saw a chimpanzee child run past an
adult male and give him a hard smack
on the rump without arousing any anger.
Nor did the adults object if a child held
onto its mother and a male when they
were in the act of mating. But with all
their freedom the children did not ap-
pear to be spoiled. They never whined
or whimpered and they always obeyed
their mothers at the first hint. Apparent-
ly awareness of the dangers of the jungle
kept them in check; chimpanzee infants
in zoos behave rather differently in this
respect.

Just as the chimpanzees were tolerant
of the young, they deferred to the old.
The grand old man of the population I
studied was, I should judge, over 40—
considerably older than the oldest zoo
chimpanzee I have ever seen. His silver-
haired back was bent, his crown was
gray and his face sagged. Granddad, as
I called him, was evidently somewhat
handicapped: he avoided climbing and
seldom participated in any of the male
intimidation displays. Among all other
primates except man his infirmities
would have had unfortunate conse-
quences for him; in gorilla troops, for
example, an aging male may be fought
to death by a younger one. But Grand-
dad was the tyrannical overlord of the
PYGMY climbed a 120-foot tree to build the author’s observation tower. He made the climb ~ band. All his whims and fancies were
by looping lianas progressively farther up around the trunk and stepping into each loop. indulged, and even the biggest of the

{
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senior males sought his company. Ap-
parently he derived his authority from
his experience and the knowledge it had
given him of potential dangers; more
often than any of the other males, he
acted as a kind of security inspector,
making sure that everything was safe.

Unlike zoo chimpanzees, which gen-

erally look increasingly dull and
vacant with the years, the older wild
chimpanzees seemed to me more lively,
more interested in everything and more
human. This is probably the reason it
was so difficult, when I watched them
from close by, to shake off the feeling
that I was looking at some strange kind
of human beings dressed in furs. The
chimpanzees were unceasingly alert and
curious. They seized every opportunity
to bring variety into their lives, taking
different paths down the hill on different
occasions and continually changing their
gait and their mode of locomotion. They
were fascinated by everything new and
unusual. They carefully examined all the
objects I laid in their path and even col-
lected some of them. Once I saw a chim-

ing moments

panzee gaze at a particularly beautiful
sunset for a full 15 minutes, watching
the changing colors until it became so
dark that he had to retire to the forest
without stopping to pick a papaw for his
evening meal.

Another respect in which the animals
resembled human beings was in their
doubting and uncertain nature. They ap-
peared to ponder such problems as
whether to turn to the left or the right,
or whether or not a papaw tasted good.
Often, just like laboratory chimpanzees
puzzling over a difficult problem in an
intelligence test, the chimpanzees I ob-
served scratched themselves elaborately
while making these decisions. Although
the blinds I used for close observation
concealed me almost completely, the
chimpanzees could see my eyes if they
came close enough. I had some excit-
when an adult male
would come straight toward me, halt no
more than 10 feet away and look straight
into my eyes. But whenever this oc-
curred, the animal neither attacked nor
fled. He simply stood there for a while,
staring thoughtfully into my eyes and

scratching his arms and chest before he
wandered off.

Except for the screaming of the males
during their intimidation displays, the
chimpanzees seldom made any noise.
They generally communicated by ges-
ture, or by changes in posture or facial
expression. Children asked for food by
holding out one hand. If a mother and
child were seated side by side and the
mother wanted to move on, she had only
to look at her offspring for it to jump
up on her back; if by chance the child
was looking the other way, she merely
tapped it lightly on the shoulder or arm.
A child, surprised by seeing its mother
climb to the top of an unusually tall tree
or by a pigeon flashing suddenly over-
head, did not utter a sound. Instead it
jumped into the air, flinging its arms up-
ward like a cheerleader. The children
played tag and other games in silence. If
two adult males came across anything
suspicious, they merely looked inquir-
ingly at each other. Screaming seemed
to be reserved for intimidation displays
or emergencies: a child screamed if it
felt it was lost, and an adult screamed

TREETOP OBSERVATION POST was 80 feet up in the tree seen
at left in this photograph. From it the author could keep a wide
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area under observation, including the hill and the forest where
the chimpanzees lived and the plantation they visited for food.
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if another adult chased it in earnest. On
the other hand, when the animals sight-
ed a human being, they first ran to cover;
only then did they give an alarm signal.

Zoo observations, incomplete field evi-
dence and comparisons with other
primates have led most writers to as-
sume that in the wild chimpanzees live
in small closed harem groups of five to
15 members. I saw nothing of the kind.
When the apes were on the move, two
kinds of aggregation could be clearly
distinguished. One, the sexual group,
consisted mainly of adult males and
childless females, but often included a
few mothers and children. The other,
the nursery group, consisted of juveniles
up to the age of puberty, their mothers
and sometimes one or two adult males.
Participation in either kind of aggre-
gation did not seem to be fixed or con-
trolled in any way. Individuals were free
to join or leave a group at will, and the
groups themselves often merged or split

STYLES OF CHIMPANZEE LOCOMOTION are recorded. Here an

animal is walking on all four legs. He has a papaw in one hand.
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up. The number of animals at a given
location could vary from one to more
than 30. Within a group there was no
consistent marching order, nor did all
the individuals do the same thing at the
same time. Only twice, when individuals
or groups met in passing, did I see any
gesture that could have been construed
as a greeting. At all other times each
went its own way, like commuters at a
railroad station. Nor did I see any signs
of permanent or temporary sexual bonds
or of sexual jealousy; none of the animals
seemed disturbed at matings or homo-
sexual pseudo matings in their midst.

In the sexual groups more than 20
animals generally traveled together,
whereas in the nursery groups there
were usually fewer than 15, of which
more than half were children. Although
the two kinds of group sometimes inter-
mingled, they were more often apart
than together. Moreover, they differed
markedly in their behavior.

The sexual groups appeared to range

Vi
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over an area of several square miles.
They visited the plantation once every
two or three days—primarily, it seemed,
to act out their intimidation display on
the open ground. They were noisy and
not particularly shy. As evidenced by the
fact that they ate relatively few papaws,
they did not depend on the plantation
for their food. The nursery groups,
whose members were extremely shy,
covered a smaller area and moved quite
slowly; I saw some mothers and children
almost every day. From the number of
papaws they ate I judged that for many
of them the plantation was an important
source of food.

To my knowledge there is no other
primate—indeed, no other mammal—
among which the chief social distinction
is between childless and child-rearing
adults rather than between males and
females. This was the greatest surprise
of my study. The pattern of chimpanzee
social life may have grown out of the
long and intensive care the animals give

THREE-LEGGED GAIT is common among chimpanzees. They
often use it when they want to walk and eat simultaneously.



their young. Carrying a child around al-
most constantly for four or more years
obviously tends to restrict the range of
the mother’s movements. In any case,
this peculiar social pattern represents
another response to the biological prob-
lem that man and many other animals
have solved by monogamy and parental
care by the father.

I?or many years the great apes were
A studied in the hope of tracing some
aspects of man’s evolution from them,
since their behavior was considered to
represent a more primitive stage than
ours. Gradually, however, as it has been
realized that man and ape represent
diverging branches stemming from a
remote intermediate ancestor, the em-
phasis has changed. The main problem
of primate research today is to explain
why the great apes did not become more
nearly human than they are.
Experiments with captive animals have
shown that the behavior patterns of

TWO-AND-A-HALF-LEGGED GAIT is also common. Here one
hand touches the ground but is not used as a firm support.

chimpanzees are not almost wholly in-
nate, as are those of monkeys. Instead,
like human patterns, they are largely
molded by maternal education, social
tradition and other environmental fac-
tors. Keith J. and Cathy Hayes of the
Yerkes Laboratories of Primate Biology
in Orange Park, Fla., who raised a chim-
panzee in their home and systematically
applied a forced “humanizing” educa-
tion to it, measured its IQ as 125 at
the age of two years and eight months.
Almost everyone has noted the striking
resemblance of chimpanzee expressions
and gestures to those of human beings.
It is less well known that captive chim-
panzees often spontaneously display a
number of other human characteristics.
They construct primitive shelters and
improvise rudimentary tools and weap-
ons. They sometimes forsake their nat-
ural vegetable diet, killing and eating
small vertebrate animals. Recent discov-
eries indicate that the Australopitheci-
nae, an extinct group of early hominids
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with brains little larger than those of the
contemporary great apes, created an
essentially human type of culture, in-
cluding the making of tools. What
stopped the chimpanzees?

One frequent answer is that they
never came down out of the trees. My
observations show this to be false. In
the zoo chimpanzees give the impression
of being essentially arboreal, but this is
probably because their cages are too
small. In the wild they behave like such
basically terrestrial animals as baboons.
The chimpanzees I watched had created
an elaborate road system in the forest,
opening into bowers that seemed to serve
as clubrooms. On the plantation hill,
where they were apparently safe from
leopards, some of them even slept in
nests on the ground. Moving around on
the plantation and, as far as I could ob-
serve, in the forest, they walked on
the ground from tree to tree, avoiding
any climbing that was not absolutely
necessary. \When they did climb, they

TWO-LEGGED GAIT enables the animal to carry several papaws. In

open spaces chimpanzees in the wild quite often walk on two legs.
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moved very cautiously, as if afraid they
might fall. When a chimpanzee in a tree
suspected the presence of a human be-
ing, it immediately fled back to the
ground. Even the playful young seldom
engaged in tree-climbing games. It
should be said that Henry W. Nissen of
the Yerkes Laboratories and Jane Mor-
ris-Goodall of the University of Cam-
bridge have observed that chimpanzees
do sometimes climb or swing from one
tree to another in gallery forests, where
the crowns of the trees are interwoven
with each other. But in rain forests,
where the tree crowns are of varying
height, there is little opportunity for this
behavior. Certainly chimpanzees are
much more arboreal than man, but they
are much less arboreal than has been
thought until now. They are not even
exclusively forest animals. In regions un-
inhabited by man and in areas where
they are rigidly protected, they are often
found in savannas where trees grow
sparsely. In treeless sections they may
walk long distances from one grove to
another.

Moreover, in open areas chimpanzees
spend a good part of the time on two
legs, walking and running in a nearly
erect and almost human posture. In the
plantation where I made my study this

MOTHER carries her child on her back. Young are carried until
they are four years old or more. This child is three or four.
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mode of travel accounted on the average
for 10 to 15 per cent of the distance cov-
ered by the apes when they were fully
at ease. Apparently they walked bipedal-
ly in order to have their hands free—for
example, to carry or eat fruit—or to gain
a better view of their surroundings.
Sometimes they simply seemed to enjoy
a change from the four-legged and
three-legged gaits demanded by the for-
est. To cross a brook that ran through the
plantation all the animals, even mothers
with children up to six years old on their
backs—made a six-foot jump on two legs,
and from a standing start on soft ground.
From these and similar facts it seems
probable that walking on two legs
evolved primarily as a result of manual
dexterity rather than, as has been com-
monly thought, the other way around.
Furthermore, since walking on two legs
is convenient on open ground but not in
the forest, the chimpanzees™ ability to
change their way of walking and their
fondness for doing it indicate that they,
like the earliest hominids, were original-
ly a species of mixed and diversified
habitats.

Conceivably chimpanzees and early

man may even have been serious
competitors in the search for food, since
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both are able to climb trees with trunks
too thick to be grasped by any of the
contemporary lower primates. If this is
true, it is probable that the apes were
worsted by the human invention of the
spear. In a fair fight an unarmed man
would have no chance at all against an
adult male chimpanzee; even if the man
had a knife I would not bet on him. But
with a spear a man could wound or kill
a chimpanzee from a distance.

Chimpanzees use weapons too. I have
mentioned the brandishing and throw-
ing of clubs during intimidation dis-
plays, but this is apparently a kind of
saber rattling rather than real fighting.
I never saw one animal actually hit an-
other with a club, nor did I see any
wounds or scars. As a matter of fact, in
most cases the intimidation display did
not seem to be aimed at any individual;
my impression is that it served mainly as
an outlet that enabled the adult males
to live together in peace.

In my opinion chimpanzees do use
weapons against leopards. Although I
did not find any evidence for this in my
field studies, I have observed it in apes
in captivity. At the Pasteur Institute in
Guinea I put a tame leopard on the wall
of a large compound in which an adult
male chimpanzee, three mothers and five

CHIMPANZEE CHILD sits in its mother’s lap as she takes a nap.
In the wild the young are very dependent on their mothers.



QUALITY. Because Western Electric makes telephone equipment for the Bell
System to meet high quality standards, its pioneering in Statistical Quality Con-
trol continues to be a vital part of its manufacturing operations. Case in point:
carbon protector units, Every year W.E. manufactures 23 million of these little
units which safeguard telephone equipment from sudden electrical overloads.
Problem: mass-producing the protector’s carbon centers, or “blanks,” to within
+ .008 of an inch in length. Solution: a special statistical analysis technique
using multi-vari control charts. A Western Electric Statistical Quality Control
team —consisting of SQC engineer, product engineer, and shop supervisor—ana-
lyzed carbon blank production and controlled the performance of materials, tools,
and personnel. Result: the percentage of carbon blanks outside acceptable
limits was reduced by a factor of four. SQC typifies the way Western Electric
assures quality products for the Bell Telephone System. WESTERN ELECTRIC
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Beginning of a new breed of rockets?

You’re looking at the stuff that goes into Elkonite was originally developed for use in
Elkonite®, a Mallory-developed powder metal- high-power electrical contacts and extra-duty
lurgy product, a solution to one of the toughest ~ Wwelding tips. Its exceptional heat resistance
problems in rocketry. A rocket nozzle made made it ideal for space-age applications, as
of Elkonite can withstand the tremendous recently proved in rocket engine tests.

heat of a rocket flame better than most other
usable materials. Elkonite nozzles make pos-
sible the use of hotter-burning, higher-energy

Elkonite materials are among many exciting
products of Mallory metallurgy. Write to us for

information about our powder metal research,
solid fuels, and may help spawn a whole new experience and fabricating facilities. P. R.

family of higher-thrust space vehicles. Mallory & Co. Inc., Indianapolis 6, Indiana.

MaiLLorY

Imagination in electronics and metallurgy

© 1962 SCIENTIFIC AMERICAN, INC



OVULATING FEMALE is photographed. Chimpanzee mothers nurse their children for
about three years and do not ovulate during this period. Puberty begins at about nine years.

juveniles were living under semiwild
conditions. As soon as they caught sight
of the cat, the adults ran toward it,
screaming loudly and rising to their hind
legs. Soon thereafter they grabbed the
sticks I had previously scattered in their
enclosure and threatened the leopard

GRANDDAD often acted as a “security inspector,” making sure everything was safe. Here
he emerges onto open ground. The photograph, like all the others, was made by the author.

with them. Two of the apes, after finding
the largest of the sticks, charged furious-
ly at their enemy. The leopard was, how-
ever, just beyond their reach. Since these |
apes were near maturity when they were
captured, they undoubtedly had had ex-
perience with leopards in the wild. In
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What You're
Doing

Involves

PAPER

CRANE & CO.

can help you
do it better

If your product or process involves
paper, and you are not entirely happy
with its performance . . . or if you think
a paper with the right characteristics
could substitute for a more costly or
less tractable material —you should talk

to Crane & Co.

Making paper do what you want it to
do is a highly developed specialty at
Crane’s. Here, excellent research, ex-
perimental and production facilities are
combined with 160 years of fine paper-
making experience — much of it in the
area of special papers for technical and

industrial applications.

We welcome inquiries concerning new
or unusual papers or paperlike forms —
especially where successful production
requires close adherence to specifica-
tions and a high order of technical skill.
All inquiries are handled in strictest
confidence.

Technical Papers Division

CRANE & CO.,INC.

DALTON, MASSACHUSETTS
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another experiment I brought a caged
tiger near a half-grown male chimpanzee
that had been born in the zoo and had
never before seen a large beast of prey.
Within a few seconds the chimpanzee
picked up some wooden cubes I had put
in his cage and began to bombard the
tiger with them.

This and other evidence from zoos
indicates that the use of weapons is
partly instinctive in the semiterrestrial
great apes—gorillas as well as chimpan-
zees. Full development of this behavior
among great apes in zoos occurs, how-
ever, only when the animals are kept in
large open enclosures resembling the
savanna rather than the forest. And
when they do use weapons in genuinely
fierce fighting, both species assume a
two-legged posture. It therefore seems
reasonable to assume that the technique
of erect armed combat emerged among
the common ancestors of man and apes
many millions of years ago, and that it
is not an early hominid invention of the
past million years. This supports the
idea that it was primarily the invention
of the spear that humanized the homi-
nids and dehumanized the anthropoids
by driving them from the savanna.
Whereas the forest offers the best pro-
tection against spears, it is a most un-
favorable environment for the evolution
of the human way of life.

T he effect of the forest on chimpanzees

manifests itself in several ways. It
helps account for their loose and primi-
tive social organization. The savanna-
dwelling baboons have a definitely or-
ganized society [see “The Social Life
of Baboons,” by S. L. Washburn and
Irven DeVore; SCIENTIFIC AMERICAN,
June, 1961]. Forest living must have
discouraged the evolution of a spoken
language. Neurologically and anatomi-
cally the chimpanzee would in principle
be capable of speech. But the forest is a
dangerous place; behind any tree or
bush may lurk a leopard, a snake or a
human hunter. Silence is essential, par-
ticularly for mothers and children. More-
over, in a social system in which each
individual gathers his own food, there is
really very little to say.

Finally, the forest and its dangers
have acted to slow the rate of behavioral
development in young chimpanzees and
thus, in an evolutionary sense, to sup-
press the more human potentialities of
the species. Unless my age estimates
were thrown off by field conditions, the
behavior of the young chimpanzees I
saw was markedly retarded in compari-
son with that of animals raised in captiv-
ity. The mothers’ constant anxiety and

© 1962 SCIENTIFIC AMERICAN, INC

CHIMPANZEE WITH A CLUB was photo-
graphed in captivity. He was running to at-
tack a leopard just beyond his reach. Ap-
parently chimpanzees use clubs instinctively.

close surveillance keeps the young de-
pendent and must therefore act as a
strong pressure against psychological
development.

Even in the wild the rate of develop-
ment accelerates if maternal control is
relaxed. Miss Morris-Goodall, who ob-
served chimpanzees in Tanganyika, has
told me that the mothers there seemed
considerably less anxious and that the
young were correspondingly more ad-
vanced than those I watched. In my
group there was one mother who
seemed to be much older than the rest.
Perhaps because long experience had
taught her that the plantation was safe,
she gave her two children much freer
rein. She carried her three-year-old only
if she was in a hurry or alarmed, and she
usually left it at the edge of the forest
when she came to the plantation to pick
papaws. Both her children seemed more
self-reliant than the other juveniles of
corresponding ages.

Only up to a point, however. All the
chimpanzees I observed were cautious,
hesitant creatures. This is one of the
major impressions one carries away from
studying chimpanzees at close range in
the wild. Behind their lively, search-
ing eyes one senses a doubting, contem-
plative personality, always trying to
make sense out of a puzzling world. It
is as if the certainty of instinct has been
replaced in chimpanzees by the uncer-
tainty of intellect—but without the de-
termination and decisiveness that char-
acterize man.



Dirt in...dirt out

Films from ethylene do the trick. Protecting the white crisp-
ness of a new shirt, or keeping grimy soil-builders in good
condition—plastic packaging sets new standards in efficiency,
appearance and sales appeal. Clothes stay cleaner, fertilizers
drier, hardware brighter, foods fresher. These new films, poly-
ethylene and polyvinyl chloride, come from ethylene—a Gulf
Petrochemical. Ethylene, too, is basic to many leaders in
today’s growth markets. It's part of the styrene in synthetic
tires, part of the alcohol in carefree lacquers. From its oxide

comes the glycol for antifreezes and plasticizers. And ethylene
is only one of Gulf’'s many quality petrochemicals that end old
processing problems, and begin excitingly new products. If
you're in chemicals, see how you can put new profits into your
product and your customers’ with Gulf Petrochemicals. Write
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POLAROID

Land Projection Film

““POLAROID’* AND "“POLALINE"®
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POLAROID

ojection Film
—— 3% x4

make two kinds of slides
with a Polaroid Land Camera

Two special transparency films turn a
Polaroid Land Camera into an easy, instant
slide maker. And the cost is about /3 of the
average conventional black and white slide.

For line copy work such as charts and
printed material, Polaroid PolaLine Land film
gives you a fully developed transparency in
just ten seconds. It's a very high contrast
material specifically designed to make slides
from line originals. The blacks are really
black, the clear areas really clear.

For continuous tone work, another Polaroid
Land transparency film (Type 46-L) produces

slides unsurpassed in sharpness, brilliance
and full tonal range. It develops in2 minutes.

You load and shoot the transparency films
the same way as standard Polaroid Land
film. Push a button, pull a tab, wait a moment
and remove the transparency. After a quick
hardening you put itin a snap-together frame
and it's ready to project with a standard
3% x 4 lantern slide projector. You can use
both films in any Land Camera that takes
40-series film except the J-66.

Doesn't this make other kinds of slide
making kind of old-fashioned?
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Heart Cells in Vitro

Hhen mammalian heart tissue is dissociated and cultured, individual

cells beat and organize themselves into fibers. Heart-cell cultures

offer a new wav of studying the heart and the differentiation of cells

he beating heart is the very sym-

I bol of life. Long before men had
an inkling of the purpose of the
rhythmic pulsation they sensed its
vital role. Today cardiac function has
been analyzed—mechanically, electri-
cally, biochemically—as thoroughly as
any bodily process. Yet at bottom it re-

by Isaac llarary

mains a mystery. What makes the heart
beat? What gives it its rhythm, and how
is the rhythm communicated through-
out the whole heart muscle? Is the spe-
cial nature of the heart inherent in its
component cells, or does it arise from
their interaction? To attack such prob-
lems my colleagues and I at the Univer-

sity of California Medical Center in Los
Angeles have been developing a new
way of studying the heart. We take liv-
ing cardiac tissue apart and observe the
behavior of its individual cells.
Although it is only about 10 years
since experimenters learned how to iso-
late and grow single mammalian cells,

BEATING HEART CELL is enlarged 2,500 diameters in this
frame from a motion-picture film made by the author. The culture
had incubated for several weeks. The cell has put out a number of

© 1962 SCIENTIFIC AMERICAN, INC

long, filamentous processes that have become attached to the
laboratory dish. The beating of such a cell is seen in the film as
a periodic heaving or twitching in the central portion of the cell.
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the technique is now well established
[see “Single Human Cells in Vitro,” by
Theodore T. Puck; SCIENTIFIC AMERI-
CAN, August, 1957]. In our application
of the method we start by treating
minced heart tissue from young rats with
trypsin. This enzyme breaks down the
protein that cements the cells together,
apparently without harming the cells
themselves. Collecting the separated

cells in a centrifuge, we suspend them
in a medium containing blood serum and
other necessary nutrients. At first the
solution contains a variety of spherical,
floating cells from blood and connective
tissue as well as from heart tissue. But in
about four hours the heart cells begin
to settle to the bottom of the culture
dish. After two or three days of incuba-
tion at 37 degrees centigrade (98.6 de-

grees Fahrenheit) almost all of them
have fastened themselves to the glass
surface. Now the medium can be

changed to get rid of floating cells and
debris. Under the microscope the heart
cells are seen to have changed their
shape drastically. They are stretched
and flattened and are attached to the
glass by long filaments [see illustration
on preceding page].

SINGLE HEART CELLS assume irregular shapes as they attach them-
selves to a glass dish after having been cultured for one day. The cells
are stained with haematoxylin and eosin and enlarged 1,500 diameters.

INDIVIDUAL CELLS (stained and enlarged as in the pre-
ceding photograph) have put out filaments but are not yet in
contact. The few “leading” cells are beating independently.

SYNCHRONOUS NET becomes more crowded. Centers of beating be-
come established, around which the elongated cells are oriented in
“rosettes.” The stain ismethylene blue; the magnification, 185 diameters.
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CENTERS OF BEATING are close together, and those on a
line coalesce to form a long, beating ridge across a membrane
of beating cells. Unstained cells are enlarged 370 diameters.
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The first time we looked at one of
these preparations we got quite a sur-
prise—a few of the cells were beating!
About one in every 100 of them was
rhythmically contracting, each at its own
rate, varying from 10 to 150 times a
minute. Earlier investigators had dis-
covered that isolated embryonic chick
heart cells beat independently, but ours
was the first such observation on the fully

CELLS MAKE CONTACT through their filaments and more
cells beat as synchronous nets develop. This four-day-old
preparation is stained and enlarged as in the earlier pictures.

BEATING RIDGE develops into a fiber. This is apparent if a
ridge is stained with methylene blue: the cells in the ridge are
seen to be oriented along its axis. Enlargement: 370 diameters.

developed postnatal mammalian heart.

The observation demonstrated at once
that the beating of the whole heart
originates with the single cell; that is,
the heartbeat does not require a com-
munity of cells or nerve connections.
Both of these may be involved in reg-
ulating the action of the heart, but there
is no doubt that periodic contraction
is an inherent function of the single cell.

© 1962 SCIENTIFIC AMERICAN, INC

Until recently most authorities denied
the existence of single cells in the heart.
When they examined cardiac tissue in
the light microscope, they saw what
appeared to be bundles of intercon-
nected, multinucleated fibers undivided
by cell membranes. They therefore as-
sumed that the heart consists essentially
of one large cell with many nuclei, and
that this structure had evolved to meet

DENSITY OF NETS increases as the cells grow and multiply. When all
the cells are in contact, they form a single net and all beat together.
These cells, stained with methylene blue, are enlarged 370 diameters.

FINAL STAGE is a developed heart-cell fiber. This one is unstained
and has been enlarged 185 diameters. The photomicrographs on these
two pages were made by the author with the assistance of Pete Kalian.
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YACHTING
...the fun way

to travel

Want to tour exciting foreign lands? Or
maybe you'd prefer the fun of a cool
mountain retreat or just basking on some
warm, sunny beach. Perhaps you know a
road somewhere you'd like to follow to the
end. It's all the same with an Airstream
Land Yacht—a personal highway cruiser
outfitted down to the smallest luxurious
detail for limitless road voyaging...good
beds, bathroom, hot and cold water, re-
frigeration, heat and light independent of
outside sources wherever you go—for a
night, a week, or a month. Airstream Land
Yachting means real travel independence
— no time-tables, tickets, packing. You
just tow your Airstream lightly behind your
car and follow your travel whims wherever
they urge you to go. Yes, it's the exciting,
better way to travel here in North America
or anywhere in the world.

write for interesting free booklet
‘““World At Your Doorstep’’

AIRSTREAM INC.

600 CHURCH ST., JACKSON CENTER, OHIO
12804 E. FIRESTONE, SANTA FE SPRINGS 46, CALIF.
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