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Information is snowballing

@I B M is finding new ways of using computers  In another areq, IBM has developed a prototype information

to cope with the great volume of information that is piling  system that can store millions of document pages, yet is able
up in science and business today. to find and deliver a copy of any page within seconds. IBM

One recent IBM development is a computer system that scientists are also investigating new techniques for abstract-
acts as an electronic traffic director for information. From ing and indexing technical articles automatically.

the flood of reports, articles and books received by an or- New information-handling systems like these from IBM are
ganization, the new system selects and routes information to  urgently needed if scientists and businessmen are to make
people according to their specific interests and needs. the best use of man’s vast and growing store of information.

© 1962 SCIENTIFIC AMERICAN, INC




Garrett space radiator
for manned and unmanned
vehicles

Advanced solution to a heat transfer problem

Complex, long duration satellites and manned spacecraft
must get rid of large amounts of heat produced by the
vehicle’s power, electronic or environmental equipment.
Through unique fabrication techniques and know-how with
exotic materials, Garrett-AiResearch is already building
the first active (fluid cycle) radiator system for cooling
manned and unmanned space vehicles.

Garrett is also developing heat transfer systems for

applications from cryogenic temperatures to 2000 °F, using
heat transfer fluids such as Coolanol 139, Freon 21, FC-75,
mercury and alkali liquid metals including potassium,
rubidium, sodium and cesium.

This critical development work is supported by more than
a quarter century of Garrett heat transfer experience and
is being put to extensive use in America’s most advanced
aircraft, missile, nuclear and space programs.

THE GARRETT CORPORATION ¢« AiResearch Manufacturing Divisions ¢ Los Angeles 9,
California » Phoenix, Arizona ¢ other divisions and subsidiaries: Airsupply-Aero Engineer-
ing * AiResearch Aviation Service ¢ Garrett Supply ¢ Air Cruisers * AiResearch Industrial
¢ Garrett Manufacturing Limited ¢ Garrett International S. A. « Garrett (Japan) Limited
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Early klystrons delivered only 5 to 10 W across a relatively narrow bandwidth. Today’s
Sperry klystron family blankets the spectrum at outputs from milliwatts to megawatts.

EXP ERIENCE how Sperry sets the pace in microwave tube competition

The invention that built a
$110 million-a-year industry

This year is the 25th anniversary of the klystron. In
1937 the klystron became a reality under the auspices ELECTRONIC
of Sperry research. Since that time, new Sperry de- TUBE
velopments have constantly expanded the microwave DIVISION
tube family’s usefulness.

SPERRY RAND CORPORATION
GAINESVILLE, FLA. / GREAT NECK, N. Y,
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DAVEN...the acknowledged leader in high
reliability precision wire wound resistors...
used on Titan Il, Minuteman, Polaris, Midas
and other programs...offers production quan-
tities of Daven Hi-Rel resistors...available
for prompt delivery from a separate
autonomous facility.

Complete process control and 100% pro-
duction testing have completely eliminated
catastrophic failures. Reliability is verified
and documented by special high capacity
automated test and computer equipment.

This is a working facility — not a dream of
the future! For complete information on
Daven’s High Reliability Resistor Program,
write or call Richard Newman, Dir. of Planning
and Development.

DAVEN

Division of General Mills, Inc.

LIVINGSTON, NEW JERSEY
(Area code 201) WYman 2-4300
TWX: LIVINGSTON, N. J. 874
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THE COVER

The photograph on the cover shows
the moon rising over Yonkers, N.Y.
In the foreground is the Hudson
River. Everyone has observed that
when the moon is near the horizon,
it appears to be bigger than it does
when it is higher in the sky. Why
this is so is taken up in the article
“The Moon Illusion” (page 120).
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by William Vandivert
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OGO: its first missign. Sometimein 1963,0GO
(NASA’s Orbiting Geophysical Observatory) will be
launched into an elliptical orb\q around the earth. It will
gather, process and transmit data on the physics of near-
earth and cislunar space. Here are some of the studies
OGO may undertake in this ini!\i(al flight: Energetic
particles, with nine separate experiients on the flux and
characteristics of these particles (in¢Juding cosmic ray
and plasma studies). Radio propa.eaf%;md astronomy,
through measurements of ambient radio¥nergy not acces-
sible from earth. Micrometeoroids, to determine the mass

Plasma Measurements
Gegenschein Photometry

Atmospheric
Measurements

s,
/

distribution and direction of interplanetary dust in the
vicinity of earth. Magnetic fields, their intensity, direction
and variation near earth and in space. Atmospheric
measurements, to study the pressure, temperature and
composition of earth and cislunar space. Ultraviolet
scattering, from hydrogen in space. Gegenschein photom-
etry, to study sunlight scattered by interplanetary matter.
OGO will be launched into a wide range of orbits and may
carry as many as 50 different experiments on each of its
missions. This Orbiting Geophysical Observatory will be
one of the most versatile earth satellites man has ever built.

Energetic Particles
Micrometeoroids
Ultraviolet Scattering

Solar Cosmic Rays
Positron Search
Radio Astronomy

Energetic Particles

Radio Prr:rpagarf(m/

* Captions indicate possible arrangement of instrumentation.clusters which OGO may carry.

OGO: its challenge. Today OGO demands
advanced techniques in spacecraft design and develop-
ment to meet its need for flexibility. It is a challenging
responsibility to STL engineers, scientists and supporting
personnel, who design it, fabricate it, integrate it, and test
it. This versatile spacecraft will be manufactured at STL’s
vast Space Technology Center where expanding space
projects (OGO, Vela Hotel and other programs) create
immediate openings for engineers and scientists in fields

\
A\

such as Aerodynamics; Spagecraft Heat Transfer; Analog
and Digital Computers; Applied Mathematics; Electronic
Ground Systems; Power Systems; Instrumentation Sys-
tems; Propellant Utilization; Prapulsion Controls; System
Analysis; Thermal Radiation;%\ajectory Analysis. For
Southern California or Cape Caaveral positions, write
Dr. R. C. Potter, One Space Park, Department — J,
Redondo Beach, California, or P. (3, Box 4277, Patrick
AFB, Florida. STL is an equal opportunity employer.

VLF Radio Propagation N
Magnetic Fields

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.
Los Angeles * Vandenberg AFB ¢ Norton AFB, San Bernardino * Cape Canaveral *» Washington, D.C. « Boston * Huntsville « Dayton,
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We're deep
in your problems:

Today’s Avisco rayons are providing economical an-
swers to a lot of puzzlers in such areas as filtration,
reinforcing and absorbency. In fact, the tremendous
progress made in rayon technology has created fiber
characteristics which economically solve mighty tough
problems. Some of the important industrial uses of
today’s Avisco rayons are outlined below. They may
provide the answers you have been looking for.

FILTER BETTER WITH AVISCO RAYONS Our fibers have
a knack for providing efficient and economic filtration
for such diverse fields as milk, liquor, lotions, paints,
oils, water and air. The secret of this success is
accurate control of the diameters, lengths and surface
characteristics of Avisco fibers. These in turn mean
precise control of flow rates, solid capacity and particle
size. An important additional feature is the out-
standing clarity of the filtrate.

REINFORCE ECONOMICALLY Excellent strength with
minimum weight and bulk are obtained when Avisco
rayons are used to reinforce products ranging from
belting, tires, hoses, to corrugated board, papers, tear
tapes and plastics. For example, extraordinary strong,
tough belting fabrics are being woven with Avisco XL-I
high-strength rayon staple. Conditioned tensile strength
is up to 609, greater than an equivalent weight all-
cotton fabric with less bulk. Fatigue life is actually 3
to 5 times greater.

NON-WOVENS BY WET OR DRY SYSTEMS We engineer
Avisco rayons to meet the requirements of non-woven
products ranging from lightweight tissues to heavy
industrial fabrics. Their versatility is amazing and the
many physical properties of Avisco fibers can be con-
trolled so that non-wovens can obtain just the right
softness, stiffness, porosity, absorbency, appearance,
bulk, tensile and tear strength for a given end use.

A NEW IDEA IN MEDICINE The well-known *‘cotton
ball” is turning to Avisco rayon to keep it softer and
whiter, make it more absorbent, retain its shape wet
or dry and to reduce linting to a minimum. And with
all these advantages the rayon balls actually cost less
than their cotton counterpart. Avisco rayon absorbs
more and faster than any other fiber, is produced
immaculately clean, and rayon has no static hazard.
That’s why surgical dressings, masks, bandages and
many hygienic products are using Avisco rayon by the
millions of pounds.

All this is our way of saying that there must be a
product or process application for economical Avisco
rayons in your field. We’ll be glad to give you more
information. Just contact the Industrial Merchandising
Department of the American Viscose Corporation,
350 Fifth Avenue, New York 1, N. Y.
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"TERRAIN AVOIDANCE' RADAR BOOSTS LOW LEVEL
FLIGHT CAPABILITIES FOR HIGH-SPEED AIRCRAFT

General Dynamics|Electronics “terrain avoidance” radar is a low cost, compact system that
enables high-speed aircraft to fly ground-hugging penetration missions and land on temporary
fields in zero visibility weather. Designed for simplicity and low maintenance, the system offers
the proven advantages of on-boresight, Ku-band radar and a single non-scanning antenna with
no moving parts. Since the basic unit weighs 40 pounds and can be pod or nose mounted, it
is especially suited to small high-speed aircraft or drones. Portions of the system can be added
to aircraft already equipped with radar to provide terrain avoidance capability. For additional
information, write General Dynamics | Electronics, Dept. C-59, PO. Box 127, San Diego 12, Calif.

GENERAL DYNAMICS I ELECTRONICS GI“II“'D SAN DIEGO




MATERIAL IN QUEST OF AN INVENTOR

Is there an inventor who can overlook the list of tempting
(and profitable) new Dow epoxy resin developments?

As a start, consider the possibilities of an extremely pure
epoxy resin with a viscosity of 4,000—6,400 cps, and color
1 max. It is an essentially pure diglycidyl ether of bisphenol
A from which we’ve eliminated troublesome high polymer
fractions. Then, there are flame-retardant brominated
epoxies that also give top physical and electrical properties.
And an epoxy novolac with high (even for an epoxy) chemi-
cal resistance and temperature stability up to 500° F.

All Dow epoxy resins have extremely high adhesion and

low shrinkage during cure; resistance to thermal and
mechanical shock, toughness, chemical inertness, moisture
resistance and outstanding electrical properties. Another
feature common to all—dependable quality control. That’s
because we make all the ingredients that go into our epoxies
(even most of the ingredients that go into the ingredients).

You have the problems, we have the epoxies . . . many
types. Why not see if they can help in your development
work? Samples available. Write us, ¢/o Coatings Sales Dept.
1642EQT.

THE DOW CHEMICAL COMPANY @ Midland, Michigan
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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
has become increasingly 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 forimmedi-
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
Honeywell 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.

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
Honeywell 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
interfereswithproductionsched-
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.
Homneywell 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.

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
Dt Houdlg St

HONEYWELL INTERNATIONAL Sales and service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.

10
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LETTERS

I have read with interest Martin
Gardner’s discussion of the difficulties
of communicating the local definition of
right and left to the inhabitants of a dis-
tant planet [“Mathematical Games”;
ScienTIFIC AMERICAN, May]. The con-
clusions he reaches are perfectly sound,
except that the statement of the problem
was not sufficiently restrictive to elimi-
nate some “trick” answers. The difficulty
is that he allows physical entities, i.e.,
radio waves, as the carriers of informa-
tion. Two possibilities immediately sug-
gest themselves.

The first involves the transmission of
signals from three separated points, with
a suitable time lag between transmis-
sions. If the extraterrestrials are able to
resolve the three points, the sequence of

M20 MICROSCOPE
signals will define a direction of rota- r |

tion about the beam direction that The one ingﬁ'ument for all research

(l.eﬁnes a vector pl:OdllCt and thus a aua' scientific investigation
right-handed co-ordinate system. If we F 4

invoke a suitably turbulent atmosphere | WITH CAMERA 2 - Permits continuous bin-  WITH DRAWING TUBE — Stress parts of a
for Planet X, this method can probably ocular observation. Phototube deflects 25%  preparation. comiine separated details,
,

of light to binocular tube. Special format =~ ohserve and draw various layers of the

be ruled out. indicating eyepiece provides rapid perfect:  object, secure facsimile or enlarged illus-

A more difficult method to rule out | focusing. Y tration of the piclur‘%...in perfect operator
would be the use of a circularly polar- | WITH C'}’I‘ET[’“ ;0U§e Wi;}; aanlﬁmlﬂll mf;hﬁt somfot. 1

: i e camera having 50mm or 75mm focal lengths. Phase contrast, Varigolor, Universal Lamp

ra fi rec g Sa - ) ) . 5

ized .1(].10 wave, fvhose di ect101.1 of Focus on specimen during film exposure. and other accossories are also available
polarization immediately defines right- | Contains two built=in beam splilters plus a for the Wild M-20. ||
, . at o . photocell for exposure determination (with B

handed.ness. An. atmosphere that reduces galvanometery, and an internal prijection  Can any other .m.mr%,.np". offer so much

a polarlzed radio wave to complete ran- | tube for titling or designating footage. versatll}ty,premsxlon ad m:lafy T ‘r:m.lr (fnwr;

domness is hard to imagine. WITH INCIDENT LIGHT ATTACHMENT — Permits  cvaluation of this Superh Swiss craftec

instrument will pra\'hu the answer.

The result of this discussion is the fol- | observation and photomicrography under
bright and dark field conditions, with WRITE FOR aoox];g'r M20.
polarization. Optical quality and handling i

convenience fully comparable to specially *The FIRST name in Su}_vcying Instruments,
designed incident light microscopes. Photogrammetric Equipm and Micr P

qQuip
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this is ultra-precision

RESISTANCE
COMPARISON

and precision resistance measurement

The precision of any measurement is limited by one or all of three factors—
the accuracy, resolution or sensitivity of the measuring system. Thus the goal
of good design is to provide (1) an accuracy limited only by the state of the
art (2) resolution capable of taking full advantage of the accuracy and (3)
sensitivity sufficient to permit full use of the resolution. The graphs below
illustrate the performance capabilities of ESI's Model 242 Kelvin Resistance

Measuring System in terms of these essential design goals.

2 TN DIRECT READING ACCURACY
3 [ I mmme DEVIATION DIAL ACCURACY
e I | —t
10]
!
€
a 0.
a8 RANGE <0.01 0. 10»1x100]
0.0l I |
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MEASURED RESISTANCE
Two like resistances can be compared to an accuracy which is limited only by the reso.
lution, sensitivity, and short term stability of the resistance measuring system. Out
standing stability results from the use of specially designed ESI resistors, assuring
comparison accuracy of 1 ppm and direct accuracy to 0.01%
g | RESISTANCE STANDARD RESOLUTION
¥ e GEVIATION DIAL RESOLUTION
t t
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i 1 J | sy
. bl
- - v ——
= a wEG
MEASURED RESISTAMCE
Deviation dial has a resolution of 1 ppm (part per million) for all resistance values
Resistance standard shide wire has 100 microhm per division resolution bul can be set
to a small fraction of a division. Deviation or resistance dials can be used to calibrate

meter sensitivity for even higher resalution

|
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MEASURED RESISTANCE

Generator-Detector provides isolation, component protection and sensitivity for measure-
ments of the highest precision. Adjustable generator voltage and detector sensitivity

permit meter calibration for rapid resistor comparison. Front panel meter output permits
operation of recording or control devices.

MODEL 242 GUARDED KELVIN
RESISTANCE MEASURING SYSTEM

Model 240 Kelvin Ratio Bridge, Model 800 Generator-
Detector and Model RS-225 Decade Resistance Standard
in functional, attractive metal enclosure. Includes spe-
cially-designed Kelvin Klip accessories for making rapid,
precision 4-terminal measurements even with relatively
high lead and contact resistances. For detailed informa-
tion on specific features, advantages and applications in
advanced measurement techniques, send for Catalog
Sheets C-27 and C-31 (Kelvin Klips)—ESI Design ldeas,
Vol. I, Nos. 1, 2 and 3. Price complete—$3400, f.o.b.
Portland, Oregon. Also available, Model SR-1010 Transfer
Standards for ultra precision resistance transfer meas-
urements—$250.

VOLTAGE g ERIAL
DIVIDERS : TORS W  COMPUTEES

Electro

7524 S.W. Macadam Avenue -

Portland 19, Oregon -
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Scientific Industries

Area Code 503, 246-3331

lowing: If we are allowed to send only
information to the inhabitants of a far-
off region, there is no way to tell them
which is their right hand (allowing for
the possibility of antimatter). On the
other hand, there does not seem to be a
way to send information except by
the use of physical entities, and as soon
as these are introduced their properties
allow the distinction to be made.

Victor KORENMAN

Jetterson Physical Laboratory
Harvard University
Cambridge, Mass.

Sirs:

Many readers have written to point
out loopholes in the way the problem of
communicating “left” and “right” was
stated. The intention was to restrict the
communication to language, transmitted
by a pulsed code, in which case the only
way to send a definition of handedness
to another planet in the galaxy is by
sending information about the parity-
failure experiments.

[ MARTIN GARDNER

Dobbs Ferry, N.Y.

Sirs:

Having read the note entitled “First
Inducer” in your department “Science
and the Citizen” [SCIENTIFIC AMERICAN,
April], I feel there are a few errors that
should be corrected.

1. This is not the first time that a sub-
stance has been found that induces the
formation of specialized tissues in em-
bryos. Embryological literature is filled
with the isolation and identification of
specific chemical “inducers.”

2. The discovery that the ventral half
of the spinal cord would stimulate the
formation of cartilage in embryonic
somites was made by Howard Holtzer
11 years ago, not by Holtzer and Lash
two years ago.

3. The fraction you speak of as having
inducing activity has not been fully
characterized. There is absolutely no
evidence that the active agent in our
fractions is a nucleoprotein.

JanEs W. Lasu

Department of Anatomy

The School of Medicine

University of Pennsylvania
| Philadelphia, Pa.



ACHPHENOMENON

For the first moment, the elements are seen separately. Then suddenly, insightarrives.
The structure is seen as a whole. With just four straight lines it is possible to bisect
all nine dots, the pencil neverleaving the paper. What happened? A Flash Experience.
Aha! Achphenomenon.

The courage to go outside the confines of the original pattern resulted in an optimal
solution. This talent to think in new directions is a quality we look for in engineers.
If you're sometimes dissatisfied with traditional concepts and look for a chance to
exercise your creative impulses, send a resume to Mr.Don F. Krause, Manager Pro-
fessional and Scientific Staffing. Expect a prompt reply.

LITTON SYSTEMS, INC.

GUIDANCE AND CONTROL SYSTEMS DIVISION
5500 CANOGA AVENUE, WOODLAND HILLS, CALIF.

Guidance Systems * Control Systems * Computers « Computer Components

An Equal Opportunity Employer
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The new name in industry

1s Lear Siegler, Inc. The com-

bined facilities and financial
strength of these two com-
panies, with their matching
talents and proved perform-
ance, will provide even great-
er capabilities in the fields
of defense, aerospace and
consumer electronics, and
research and development.

LEAR SIEGLER, INC.

LOS ANGELES 5, CALIFORNIA
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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
our Sales Office at 360 Lexington Avenue, New York 17,
N. Y. for details on Ethylene, Benzene, Cumene, Cyclohex-
ane, Oxo Alcohols, Propylene, Propylene Trimer and Tetramer,
Sulfur, Toluene. Gulf Petrochemicals for that certain quality

GULF

®
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Compact and reliable, the Bendix-Pacific Series 300 Telemetry solid state, sub-miniature, modular com-
ponents have set new performance standards in space communications. Behind the Series 300 is the
“imagination plus" of Bendix-Pacific...creative engineering and over 16 years' experience in telemetry
which have combined to make Bendix-Pacific the recognized leader
in this field, Now at work on virtually every major U.S. space vehicle,
Bendix-Pacific telemetry components are another example of the broad capabilities
which have made Bendix-Pacific a leading supplier of equipment and systems for
Airborne Radar, DataHandling, Guidance, Hydraulics/Pneumatics/Electromechanics,

Military Navigation, Oceanics and Telemetry. ,m”/,/
For information on how Bendix-Pacific's ""imagination plus" can go to work for you in any gL ROUILAUKICR

of these fields, write or call Bendix-Pacific Divisian, Narth Hollywood, California.

Bendix-Pacific Division

© 1962 SCIENTIFIC AMERICAN, INC






M You zone your assembly line, iden-
tify jobs, give a precedence to each.
The job list provides the input data for
all work assignment by the computer.

B The computer starts the assignment
process, determines the best set of
jobs for one operator, prints out the
detailed information.

B As all jobs in one zone are as-
signed, the computer reads in the job
cata for the next zone, rer

process until the line is batan

© 1962 SCIENTIFIC AMERICAN, INC

P"‘"v:t-." -
-
v gy ’...‘—.
rideed .

R T

DATA PROCESSING




\

WHICH

of these Voltage Waveforms

20 AND 100
~ YEARS AGO

SICENTIFiC| A MERICAN

‘ JULY, 1912: “The Australasian Ant-
arctic Expedition under Dr. Mawson has
not only proved the existence, over a dis-
tance of some 1,200 miles, of Wilkes

do you need to measure — Land, which has been a bone of conten-

accurately?

These are typical waveforms of ac voltages
that Ballantine’s laboratory-type electronic
voltmeters are designed to measure accurately.
Amplitudes may be as low as 5 microvolts or
as high as 20,000 volts, and fundamental fre-
quencies may be from 0.01 cycle per second to
1000 megacycles per second.

Your requirements may include measure-
ment of peak or peak-to-peak voltage, average
voltage, or the root-mean-square (rms) volt-
age of some complex signal. No single instru-
ment will make all of these measurements
over the range of voltages, frequencies, and
waveforms, but you will doubtless be able to
select one that will meet your requirements
from among 14 Ballantine ac voltmeters.

We would like to call your attention specifi-
cally to the Ballantine Model 350, a true-rms
voltmeter capable of making measurements to
an accuracy guaranteed within %% over a
range of frequencies from 100 cycles per
second (cps) to 10 kilocycles per second (kc),
of amplitude from 0.1 volt to 250 volts, and of
a waveform in which the peak voltage may be
as much as twice the rms. Voltages up to
1199.9 at frequencies from 50 cps to 20 ke,
with similar waveforms may be measured to
within % %. After a simple manual attenua-
tion, the voltage is indicated digitally. The
price is $720. Please ask for our 4-page bro-
chure for a much more complete description.

In addition to ac voltmeters, the Ballantine
catalog lists ac to dc linear converters by
means of which ac voltages may be read out
on a dc digital voltmeter, a direct-reading
Capacitance Meter, and a direct-reading Pre-
cision (%4%) Calibrator for 0 to 10 volts at
1000 cps rms, peak-to-peak, or for dc.

Check with Ballantine first for any re-
quirement involving ac voltage measurements,
whether for general laboratory or production
line use or for setting up standards of voltage
from 0 to 1000 megacycles in your standards
laboratory.

Please write for our catalog, referring to
Department SA-7.

€ BALLANTINE
LABORATORIES i

BOONTON NEW JERSEY
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tion between American and European
geographers for 70-odd years, but also
has landed two parties on it: one under
Mawson himself nearly at the east end
of this coast, at Point Alden in the east-
ern part of Adelie Land; the other under
Mr. Wild about 1,200 miles farther
west, in the part of the coast that was
named Termination Land by Wilkes and
that has hitherto been either ignored or
marked with a note of interrogation on
all European maps. Besides these two
parties in Antarctica the expedition land-
ed five men at Macquarie Island, where
a wireless telegraph station was in-
| stalled.”

“Some very successful experiments
have been made with wireless telegraphy
for aeroplanes at Chartres in France,
using a biplane mounted with the new
type of transmitter designed by M.
Rouget. The aeroplane started from the
aerodrome at Chartres with the inventor
on board, piloted by Frantz. In all, a
flight of about 100 miles was made
around the country, with 30 miles as
the greatest distance from the center. A
small wireless post had been set up at
the aerodrome and the army officers thus
kept in touch with the flyer. The antenna
at the ground post was less than 100 feet

long and was stretched at a height of
30 feet. The officers could take all the
observations made by the pilot en route,
and the signals were quite clear. On the
aeroplane the apparatus used an antenna
wire about 100 feet in length, hanging
down from one end.”

“In the late Henri Poincaré we had
a genius of the first order, a man whose
accomplishments in his chosen sphere
earned him a foremost place among his
contemporaries. By many competent au-
thorities he was considered to have been
the greatest mathematician of our day.
Poincaré was a well-known figure in

© 1962 SCIENTIFIC AMERICAN, INC

Parisian society and was by no means
the retired mathematical recluse of
popular imagination. He was a member
of the French Academy of Literature,
an extraordinary honor for a scientific
man, and a member of a great number of
scientific societies in various countries.
His published works embrace nearly ev-
ery branch of pure and applied mathe-
matics. His work in dynamica] astronomy
is of great value. Among other things, he
has made contributions to the famous
problem of three bodies that are of the
first importance. In general function
theory he has created a new type of
functions.”

“The third Boston Aeroplane Meet,
which was held from June 29 te July 7,
had a pall thrown over it at the close of
the third day by the sudden death of its
manager, Mr. W. A. P. Willard, and
Miss Harriet Quimby, America’s best-
known aviatress. The accident occurred
at the close of a 20-minute flight to the
Boston Light and back. Miss Quimby
had almost reached the field and was at
a height of about 1,000 feet when the
machine made a sudden dip, and her
passenger, who had been seated in the
rearmost of the two tandem seats, was
thrown out of the machine and came
hurtling to the earth. For a moment the
pilot managed to right her machine, but
the next instant it dived vertically and
almost turned upside down, the result
being that she too was thrown out, in
spite of the strap that she had placed
across the fuselage just in front of her
waist. Miss Quimby, it will be remem-
bered, was the first woman to fly across
the English Channel, a feat that she per-
formed on April 16 last.”

JULY, 1862: “This war has proved
that the United States have more mili-
tary resources, and can put into the field
greater armies, than any nation on earth.
It has proved that the United States
Government has no friends among the
governments of Europe, and furthermore
that it needs none. It has proved that the
genius and mechanical skill of American
inventors is as remarkable in war as it is
in peace.”

“The ‘Department of Agriculture,” in-
corporated by a late act of Congress,
is to go into immediate operation. Isaac
Newton, Esq., of Pennsylvania, the head
of the recent agricultural department of



NEWS FROM
BELL [ABORATORIES

A simple, highly sensitive
microwave amplifier

Bell Laboratories engineers have developed an
extremely sensitive parametric amplifier which
approaches the maser in sensitivity. Both will be
used in experiments with Telstar, the Bell Sys-
tem’s experimental communications satellite.

Heart of the parametric amplifier is a newly
developed semiconductor diode with very low
intrinsic noise. Previously, the sensitivity of
such amplifiers at microwave frequencies was
severely limited by the unwanted noise gen-
erated in their diodes. The new diode, no
bigger than the eye-end of a needle, solved
this problem.

Our engineers also devised new circuitry to
stabilize precisely the output of the klystron
(microwave generator) supplying power for the
amplifier. To reduce further the intrinsic noise
of the amplifier, they immersed the diode and
its circuits in liquid nitrogen, utilizing a new
cooling arrangement which economically
maintains a low temperature for many days
without attention.

The new amplifier fills a need in the com-
munications field for a simple microwave ampli-
fier of high sensitivity in applications for which
the higher sensitivity of the maser does not
justify its additional complication.

Bell Laboratories’ Michael Chruney adjusts waveguide assembly
(in circle) housing the diode. After adjustment the entire parametric
amplifier will be immersed in liquid nitrogen in dewar at left. The
new amplifier operates at 4170 megacycles (center of band) and
provides an almost flat gain of 38 db over a 50-megacycle band with
a noise figure of approximately 0.6 db.

Close-up of the waveguide as- Heart of amplifier—a hermet-
sembly, in which Bell Telephone ically sealed gallium arsenide
Laboratories’ newly developed diode—is compared with eye of
diode is located. average-sized sewing needle.

BELL TELEPHONE LABORATORIES

World center of communications research and development
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Hydro-Space News

Yogi Bear® Hanna-Barbera Productions, Inc.

“Yogi Bear” Bailed Out

A short time ago, a 125-1b bear—destined for immortality in aviation
annals—found himself hurtling through the stratosphere at 1060 mph
after having been ejected inside a capsule from a B-58 bomber. Minutes
later, he and the capsule had floated the nine miles to earth—pressurized,
protected and intact—a convincing demonstration of the escape system’s
efficiency.

Although the shaggy ‘“test pilot” will never know it, he owes much of
the credit for his supersonic escape to emergency devices developed and
manufactured at Hydro-Space Technology.

Hydro-Space Technology has designed and manufactured a wide variety
of cartridge-actuated devices for use in aireraft, missiles and under-
water research. They include ballistic gas generators, thrusters, valves,
cable cutters and other cartridge-actuated devices. We’ll be glad to
describe them in full detail and answer any questions you may have.
As a start, we suggest you write, on company letterhead, for a copy of
our booklet, “Cartridge Actuated Devices & Oceanographic Equipment.”

Hydro-Space Jechpalogy

DEPT. A-4, WEST CALDWELL, NEW JERSEY - CAPITAL 8-0440 ‘
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the Patent Office, is the commissioner
under the new law. Richard C. McCor-
mick of New York will fill the position
of chief clerk. The department is in
accordance with the suggestion of the
President in his annual message, and
the establishment of a distinct bureau or
department devoted as a leading pur-
pose to the agricultural interest has been
discussed more or less for the past 20

vears,”

“The most effectual means of prevent-
ing dogs biting, and thereby communi-
cating rabies, seems to be muzzling
them; and M. Renault, the distinguished
veterinarian, in a communication to the
Academy of Sciences states that the as-
sertion that muzzling dogs, by the con-
straint it produces, is itself a cause of
rabies is utterly unsupported by any
well-established facts. On the other
hand, he points out the results that have
been obtained in Berlin from a general
and permanent muzzling of all dogs not
tied up at home. A tax had already been
imposed with no diminution of the num-
ber of cases of hydrophobia, when in
1854 the muzzling was ordered and
strictly executed on all dogs not tied up.
From the year 1845 to 1853 inclusive
278 cases of rabies (nearly 20 per an-
num) were verified at the Berlin Vet-
erinary School; whereas from 1854 to
1861 inclusive only nine cases have oc-
curred, and none of these since 1856.
The conclusions that M. Renault draws
from these facts are that spontaneous
rabies is of very rare occurrence, and
that permanent and general muzzling of
dogs is a highly efficacious means of pre-
venting the propagation of the disease.”

“Colt’s Armory at Hartford now em-
ploys about 1,100 men, and the pay roll
amounts to nearly $50,000 a month. The
value of the machinery and tools in the
old armory is placed at about $500,000.
An additional building is now being
erected that will double the size and
capacity of the establishment.”

“Returned prisoners from the South
state that, as far as they saw and heard,
the cultivation of cotton is almost entire-
ly suspended in those States that used to
produce that staple. In the early part of
the present spring cotton planting was
commenced, but it was suppressed by
proclamations by the governors of the
cotton States, who enjoined the planting
of corn instead. The consequence is that
no more cotton is planted than will suf-
fice for seed for an ensuing crop; but in-
stead of the deposed monarch King Cot-
ton, King Corn wields the scepter.”



we probed material mutations ...

discovered a low-cost motor magnet

The fantastically expanded use of small electric motors, in both battery-operated and plug-in devices, gave our
research people a challenge — and an opportunity. The project — come up with a lower cost, yet efficient ceramic
magnet material for a DC motor field. ®  Using our unique materials research experience, we varied the
techniques involved in the development of our original INDOX® ceramic magnet materials; experimented with
different firing temperatures, environments, and cooling rates; applied special manufacturing techniques to
obtain production quantities comparable to laboratory samples. ® The result — INDOX Il, a mutation of our
INDOX | and INDOX V materials having the low-cost advantage of the first and the superior magnetic characteristics
of the second. INDOX Il has a residual induction (B,) of 2700 gauss; coercive force (H,) of 2250 oersteds; intrinsic
coercive (He) of 2800 oersteds and peak energy product (B4H,) of 1.65 x 10¢ max. When used to replace wound
fields in DC motors, INDOX Il reduces cost, improves efficiency, lowers heat losses, cuts noise, reduces motor
size and weight. m Indiana General engineers are happy to place their magnetic experience at your disposal —
from designing new permanent magnet materials to building complete memory systems for logic storage. Call
or write for free booklet, “This is Indiana General’ to Indiana General Corporation, Valparaiso, Indiana.

INDIANA GENERAL ==X

|

FERRITES

MEMORY
SYSTEMS

S

MINIATURE
MOTORS

O [/m

PERMANENT
MAGNETS

MAGNETIC
EQUIPMENT
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SATELLITE AND SPACE SYSTEMS SPECIALISTS

Here at Lockheed Missiles and Space Company, satellites and spacecraft
are a specialty. From research to the reaches of space, the whole scope of
space technology is being carefully investigated.

All aspects of research, systems analysis, design, development and
operation are handled by outstanding engineers and scientists at
Lockheed's Research Laboratories in Palo Alto, and in the development
headquarters in nearby Sunnyvale, California.

Typical of Lockheed's complete capability is the AGENA Satellite series.
This, with its recoverable capsule, is used to gather research

material. Other satellites and spacecraft under study, under development,
or in operation, include:

Sophisticated orbiting biomedical capsules . Lunar probes . Interplanetary
exploration programs . A space rendezvous system . Nuclear and
other advanced propulsion systems . Communications satellite systems

It is clear that the projects at Lockheed Missiles and Space Company are
challenging. Moreover, its location on the beautiful San Francisco
Peninsula adds gracious living and perfect climate to the many rewarding
opportunities available to creative engineers and scientists.

. For further information, please write: Research and Development Staff,

Dept. M-32A, 599 Mathilda Avenue, Sunnyvale, California.
An Equal Opportunity Employer.

LOCKHMHEED missiLES 8 SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION

Systems Manager for the Navy poLARIS FBM and the AGENA vehicle In various Alr Force Satellite
programs. Other current projects include such NASA programs as the 060, ECHO, and NIMBUS

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CHMUZ, SANTA MARIA, CALIFORMIA &« CAPE CANAVERAL, FLOMIDA = AWANY
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Pheidippides
was the
forerunner

The marathon was included in our modern
Olympics in honor of Pheidippides (or Philippides)
who, legend says, died about 490 B.C. after
racing some twenty-three miles to Athens from
the plains of Marathon. There, the Athenians
/ o had just routed the forces of Darius, king of
= Persia, in one of the decisive battles of the world.
B The victory itself was in large part due to
T Pheidippides. Earlier, he had raced the 150 miles
e from Athens to Sparta in forty-eight hours to
enlist Spartan aid, thereby becoming forever
a part of “‘the glory that was Greece.”
Today’s defenses require that communication be
a matter of seconds rather than days. That’swhy
so many early warning systems depend upon REL
tropospheric scatter radio which—with the speed
of light—Ileaps oceans, desert sands, and Arctic
wastes. That’s why you can depend upon
REL to solve your telecommunication problems.

A subsidiary of Dynamics Corporation of America

@ Radio Engineering Laboratories - Inc
Dept S * 29-01 Borden Ave * Long Isiand City 1, NY

Creative careers at REL await a few exceptional engineers.
Address résumés to James W. Kelly, Personnel Director.
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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

© 1962 SCIENTIFIC AMERI-CAN, INC
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CAT can be used virtually anywhere 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, Pear! River, N.Y. If your
problems are in the realm of nuclear research or
telemetry, contact Technical Measurement Cor-
poration, North Haven, Connecticut.

m TECHNICAL MEASUREMENT CORPORATION
and subsidiaries — MNEMOTRON CORP. -

TELEMETRICS, INC.
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TRIGE. The world’s most advanced hybrid
* gp/ddacomputingsystem;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?

LEB] Packard Bell Computer

1905 Armacost Avenue, Los Angeles 25, California
A SUBSIDIARY OF PACKARD BELL ELECTRONICS
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polyethylene
ina
salt shaker? ...

MICROTHENE® powdered polyethylene
...stir in a little imagination. ..
chances are you’ll come up with a way
you can use it. A new use, perhaps.

Here’s amaterial that’s inert chemi-
cally ; melts around 200-300° Fahren-
heit; has a low specific gravity, a low
coefficient of friction and enormous
surface area.

This finely divided solid can be used
to do things usually limited to fluids.
Techniques like spraying, coating,
and casting are among current appli-
cations. Also, it can be used as an addi-
tive in waxes, lubricants and other
plastics. Only recently it opened up the
field of rotational molding to plastic
powders.

Give it head room. MICROTHENE has
an important future in technology.
Maybe yours.

U. S. INDUSTRIAL CHEMICALS CO.

Division of National Distillers and Chemical Corp.
99 Park Ave., New York 16, N. Y.

Gentlemen:

I think | have the germ of an idea. Please
send me more information on the properties and
present uses of MICROTHENE polyethylene in
powdered form.

Name. Title.
Company.
Address.
City Zone State
|
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THE AUTHORS

E. CUYLER HAMMOND (“The
Effects of Smoking”) has since 1946
been director of the Statistical Research
Section of the American Cancer Society.
Hammond received a B.S. from Yale
University in 1935 and an Sc.D. from
Johns Hopkins University in 1938. He
was associate statistician in the division
of industrial hygiene of the National In-
stitutes of Health until 1942; as a major
in the Army Air Force from 1942 to
1946 he served first as chief of the sta-
tistics department of the School of Avia-
tion Medicine at Randolph Field in
Texas and later as assistant chief of the
statistics division of the Office of the Air
Surgeon in Washington. Hammond, who
has been studying the effects of smoking
for more than a decade, was professor
of biometry and director of statistical
studies in the graduate school of Yale
University from 1953 to 1958.

DON L. ANDERSON (“The Plastic
Layer of the Earth’s Mantle”) is re-
search fellow at the Seismological Lab-
oratory of the California Institute of
Technology. He took a B.S. in geology
and geophysics at Rensselaer Polytech-
nic Institute in 1955. In 1956 he joined
the Arctic Studies Section of the Air
Force Cambridge Geophysics Research
Directorate. Anderson has led six ex-
peditions to Greenland to study the
elastic properties of sea ice. His theoreti-
cal work on this material later proved
pertinent to the study of the earth’s man-
tle. Anderson received his M.S. and
Ph.D. from Cal Tech and is currently in-
vestigating the properties of the crust
and upper mantle.

PERRY W. GILBERT (“The Be-
havior of Sharks™) is professor of zoology
at Cornell University and chairman of
the Shark Research Panel of the Ameri-
can Institute of Biological Sciences. Gil-
bert, whose research on sharks spans
the past 20 years, acquired an A.B. at
Dartmouth College in 1934 and a Ph.D.
in zoology at Cornell in 1940. His work
has taken him to Maine, Florida, the
Bahamas and the Marshall Islands. The
locales of his shark research this summer
are Durban, South Africa, and Sydney,
Australia.

JOHN F. BROWN, JR. (“Inclusion
Compounds™), is an organic chemist at
the General Electric Research Labora-
tory in Schenectadv, N.Y. Brown ob-
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tained an Sc.B. at Brown University in
1947, did graduate work in physical and
organic chemistry at the Massachusetts
Institute of Technology, receiving his
Ph.D. in 1950, and went to General
Electric the same year. From 1956 to
1961 he was manager of the Reaction
Studies Unit at General Electric. Brown’s
interest in enzyme models and tech-
niqques for controlling synthetic reactions
led him to study inclusion compounds.

DAVID B. ERICSON and GOESTA
WOLLIN  (“Micropaleontology”) are
respectively a geologist and a student of
social problems who spends part of his
time in deep-sea research. Ericson has
been on the staff of the Lamont Geologi-
cal Observatory since its founding in
1949. He studied petroleum geology
at the Massachusetts Institute of Tech-
nology, where he received a B.S. in
1931, and at the California Institute of
Technology, where he acquired an M.S.
in 1933. Ericson prospected for oil in the
U.S. and Asia Minor until 1946, when
he went to the \Woods Hole Oceano-
graphic Institution to study marine
sediments. In 1947 he accompanied
Maurice Ewing, director of Lamont, on
the latter’s first expedition to the Mid-
Atlantic Ridge. Since then he has de-
voted himself to the study of the sedi-
ment cores raised by Ewing and his asso-
ciates. Wollin, a native of Sweden,
studied at Hermods College and the
University of Lund, is consultant to the
National Council on Crime and Delin-
quency and research associate at the
Lamont Geological Observatory. After
almost a decade of newspaper reporting,
Wollin came to the U.S. in 1942 to join
the Army. During the next three years he
served in Army Intelligence and partici-
pated as a paratrooper in the invasions
of Normandy and Holland. He was a
free-lance writer for Swedish news-
papers from 1945 to 1950, when he went
to Lamont. Woliin, who holds an M.S.
from the New York School of Social
Work at Columbia University, joined
the National Council on Crime and
Delinquency in 1960.

ROBERT L. SINSHEIMER (“Sin-
gle-stranded DNA”) is professor of bio-
physics at the California Institute of
Technology. Sinsheimer took his degrees
at the Massachusetts Institute of Tech-
nology, receiving a Ph.D. in 1948. Dur-
ing the period from 1942 to 1946 he
was research associate in the Radiation
Laboratory at M.LI.T., where he was en-
gaged in the design and flight-testing
of air-borne radar. Before going to Cal
Tech in 1957 he had been a member of



y Lately we've been talking and listening
Yuu VE SEEN THE MUUN nmn Now I.|STEN to the moon to learn more about com-
munications. And talking to the solar system we've learned a lot of other things. We've learned to track a
missile plunging through space three times faster than a rifle bullet. Our Atomic Clock (it will vary but one
second in 15600 years) will help in space navigation, where a split-second time error can throw spacecraft
thousands of miles off course. We've developed the capabilities to solve almost any space problem including
guidance, detection, telemetry, even building the spacecraftitself. / One notable accomplishment is Station KF2
XBR (2299.9 MC on the dial), the first radio station licensed for experimental radio transmission into space
leading to commercial use. Together with a unique transportable space communications center developed by
ITT, to be located in Brazil, it will be an integral part of NASA's coming RELAY communications satellite pro-
gram. And ITT companies in New Jersey and London will be using this station to communicate by bouncing signals
off the moon. Working together on project Moon Bounce, ITT scientists around the world have learned much
to advance the art of communications for the benefit of people everywhere. /International Telephone and Tele-
graph Corporation, World Headquarters: 320 Park Ave., New York 22, New York.

waorldwide electronics and telecommunications
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NEW GENERAL ELECTRIC LENS-END LAMP
PUTS 750 FOOTCANDLES OF LIGHT
ON A /16" SPOT

Loberatory satup
1o show how the
253X "reads” through
o computer card.

The new General Electric #253X lamp gives light control never
before available with a lens-end lamp. It will put at least 750 foot-
candles on a spot s inch in diameter 2% inch away from the lamp,
i and throws no light outside an area % inch by %% inch. This makes
«w it ideal for readout interpretations, scanning applications and
computer operations using punch cards or tapes.

For less exacting requirements, there is the #253 lamp which has the
same high intensity, confines its beam to an oval of light % inch wide—
but has no vertical limitations.

The low color temperature (2225K =+ 175) gives both these lamps an
indefinitely long life —10,000 hours or more. All of them are hand-
inspected to make sure they perform to specifications. For detailed
specifications on both the #253 and the #253X, write: General Electric
Co., Miniature Lamp Dept. M-38, Nela Park, Cleveland 12, Ohio.

Frogress /s Ovr Most Important Product

GENERAL @3 ELECTRIC
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the physics department at Iowa State
University since 1949. Sinsheimer is
an editor of the Journal of Molecular
Biology.

LLOYD KAUFMAN and IRVIN
ROCK (“The Moon Illusion”) are re-
spectively Section Head for Human Fac-
tors in the Systems Group of the Sperry
Rand Corporation and professor of psy-
chology at Yeshiva University. Kaufman
took his B.A. at San Diego State College
in 1950, joined Sperry Rand in 1952 and
received his M.A. and Ph.D. degrees
from the New School for Social Research
in 1957 and 1961. Also a visiting mem-
ber of the Yeshiva faculty, Kaufman is
at present engaged in research on visual-
search and detection problems for the
Federal Aviation Agency as part of its
collision-prevention program. He began
his collaborative study of the moon illu-
sion with Rock (in which they consider
themselves equal partners) in 1956,
when the latter was teaching at the
New School for Social Research. Rock
studied psychology at the College of
the City of New York and acquired his
Ph.D. from the New School in 1952. In
1959 he went to the Graduate School of
Education at Yeshiva as chairman of the
department of psychology. Last year he
moved to the department of experimen-
tal and clinical psychology.

H. S. FEDER and A. E. SPENCER
(“Telephone Switching”) are respec-
tively a member of the technical staff of
the Electronic Switching Division and a
supervisor in the Military Communica-
tions Systems Engineering Center at the
Bell Telephone Laboratories. Feder took
his B.S. in electrical engineering at the
College of the City of New York in 1944
and joined the Bell Laboratories in 1946,
having worked in the meantime for the
Western Electric Company and at the
Los Alamos Scientific Laboratory. He
received an M.S. in electrical engineer-
ing from Rutgers University in 1960 and
is currently doing research on the “time
division” telephone system discussed in
the present article. Spencer obtained
a B.S. in electrical engineering from
Drexel Institute of Technology in 1951.
He went to the Bell Laboratories the
same year, where he is engaged in the
design of communications systems.

MARSHALL D. SAHLINS, who in
this issue reviews Robert Ardrey’s Afri-
can Genesis, is assistant professor of
anthropology at the University of Michi-
gan. Sahlins wrote the article entitled
“The Origin of Society” in the Septem-
ber 1960 issue of SCIENTIFIC AMERICAN.



environmentally designed

... out of 22 years of ASW fire control system engineering

This is the ASROC fire control com-
puter, symbolically afloat. In reality, this
computer directs the fire of the U.S.
Navy's antisubmarine rocket weapon
system. It is the latest of eleven major
Librascope contributions to ASW dating
back to 1940. More than 80% of the

LIBRASCOPE DIVISION
@ CENERAL
PRECISION

808 Western Avenue, Glendale 1, California

G2-520
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Underwater Fire Control Systems in the
Navy's Antisubmarine Surface Fleet
today were designed and/or built by
Librascope. Subsurface, surface, air
and space, Librascope computers pace
man's expanding mind. Send for ‘““Libra-
scope ASW Achievements 1940-1960."



Two things determine whether or not
a particular printed circuit connector
is “right” for your application:
1. How the printed circuit board
mates with the connector, and

2. How the connector connects to
the rest of the system.

Take mating, for example. Besides
having the correct number of contacts,
a printed circuit connector must hold
the board securely whether the board
happens to fall at the high or low end
of thickness tolerances.

IT TAKES THREE
These considerations
Amphenol engineers that no single

convinced

contact design could satisfy the re-
quirements of a wide range of appli-
cations. So they designed three con-
tacts that will.

One, used in Prin-Cir* connectors,
looks a lot like a tuning fork with lips.
The circle lip design makes contact
overstressing or “setting” impossible
—even after repeated insertions. The
contact’s long spring base also enables
it to accommodate boards that range in
thickness from .055” to .073", while
doing an excellent “wiping” job.

EASY DOES IT

But not every application requires
the Prin-Cir “bite.” For this reason,
Amphenol engineers designed connec-
tors with ribbon contacts that mate
with a gradual wedge-like force. In

w
~

Be fussy

blind mating applications, gradual mat-
ing makes the feeling of correct mating
unmistakable. (Just the thing when
your equipment may eventually be
maintained by less-skilled and less-
concerned personnel.) Ribbon contact
wedge action also makes it possible
for connectors using these contacts to
accept the same wide range (.055” to
.073") of board thicknesses as do Prin-
Cir connectors.

Finally, advances in micro-miniatur-
ization (like Amphenol-Borg’s Intercon®
pre-fabricated circuitry) meant that
tinier-than-ever-before connectors
were needed. Amphenol’s answer was
the Micro-Min® receptacle and printed
circuit board adapter. Micro-Min con-
tacts are actually tiny springs of beryl-
lium copper wire, formed in a pre-
cisely designed arc to assure firm
circuit board retention. This unique
design makes it possible to space
contacts on .050” centers and crowd
19 connections into a little more than
an inch of space.

TERMINATIONS COUNT, TOO

“How to connect connectors to the
rest of the system” also merits a good
deal of consideration. In some cases,
hand soldered terminations will do just
fine. In others, higher volume require-
ments call for high production rate
methods like dip soldering and wire-
wrapping. Some engineers prefer taper
pin terminations.

© 1962 SCIENTIFIC AMERICAN, INC

Our printed circuit connectors are
available with contact tails designed
for each of these termination meth-
ods. In addition, adapters are avail-
able for use in connecting printed
circuit boards at right angles to each
other or in modular arrangements. We
make printed circuit connectors with
hermetically sealed contacts — still
others with coaxial contacts.

Take your choice.

Any Amphenol Sales Engineer or
authorized Amphenol Industrial Dis-
tributor will be happy to discuss print-
ed circuit connectors (ours) with you.
Or, if you prefer, write directly to
Dick Hall, Vice President, Marketing,
Amphenol Connector Division, 1830
S. 54th Avenue, Chicago 50, Illinois.

*T.M. Amphenol-Borg Electronics Corp.

Wedging action of Amphenol ribbon-type (A)
and long spring base of Amphenol Prin-Cir
connectors (B) assure firm printed circuit
board retention, whether board happens to
fall at low (.055”) or high (.073”) end of
thickness tolerance.

11 Connector Division/AmphenoLBorg Electronics Corporation
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1 Complete “wetting”

of glass reinforcing
fibers by Glidden Glid-
pol resin is shown in
the enlarged photo-
graph at top. Incom-
plete “wetting” (lower
photograph) creates
capillaries for entrance
of cleaning solutions
and food juices into
body of molded plastic
parts.

To make certain that commercial dish-

washers and heavy-duty detergents will
not faze, craze, nor warp trays made of
Glidpol resins, molded samples are sub-
jected to this supertest. Simulating two
years of normal washing and sterilizing,
the test is a 48-hour immersion in 2%
trisodium phosphate solution.

WHO KEPT THE
HYDROQUINONE OUT
OF MRS. MURPHY’S ROAST?

3 In production on tray manufac-

turer's press, Glidpol quickly
impregnates glass fiber mat, cures
in less than two minutes to a craze-
free, chemically inert plastic with
flexural strength up to 50,000 psi.

Meats, as well as other foods, have an eager affinity for
unpleasant-tasting esters, inhibitors, and catalysts that remain
unreacted in some polyester resin molded plastics.

A meat packer was searching for reinforced plastic processing
trays that positively would not contaminate the meats
being processed and delivered. In addition, the trays had to
fully resist the hot cleaning solutions he used.

The tray manufacturer began using a new Glidden polyester resin
formulation. Trays molded of this resin have shown no
exudation of harmful materials and no warping or crazing even
after two years of hard usage and severe sterilization.

After official tests, Glid-

pol has been accepted
for use in contact with
specific food products, in-
cluding meat, fish, and
poultry. Extraction tests
show that no food-contami-
nating substances exude
from products molded of
this Glidpol resin.

If your product requires a finish, a coating or a resin,
Glidden is ready to work with you. To obtain the formulation best
suited to your product and application methods, write or phone:

GLIDDEN

THE GLIDDEN COMPANY ¢« COATINGS AND RESINS DIVISION
900 UNION COMMERCE BUILDING ¢« CLEVELAND 14, OHIO
In Canada: The Glidden Company, Ltd., Toronto, Ontario

© 1962 SCIENTIFIC AMERICAN, INC



Scientific predictions indicate that solar activity will be at
a minimum between July, 1964 and July, 1965. This has
been designated as the International Year of the Quiet Sun,
and during it a world-wide magnetic survey will take place.
0 The Douglas Space Physics and Planetary Sciences Group
is studying scientific experiments to be performed on satel-
lite and space probe missions during this period. Instruments
to be used will be among the following: magnetometers;
ionization chambers; G-M detectors; scintillators; solid state
detectors; and spectrometers. O The present Douglas Ant-
arctica Riometer Station program for the study of cosmic
rays will continue through this “Quiet Sun” period and

THE YEAR OF THE QU'ET SUN will provide important data

relative to solar cosmic ray

...AND WHAT DOUGLAS IS DOING ABOUT IT and auroral events and the
geomagnetic K-index. Douglas was invited to participate

with the National Science Foundation in this program.

Preparation for the Year of the Quiet Sun world scientific
survey is one of more than 500 research projects that are
under way at Douglas. Some of these relate to the solution of
problems on programs of today and tomorrow. Othersrange
through development and research programs whose effects

may not be evident until ten D 0 U G L A s
or twenty years in the future.
37
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$1.50
24 Hours

To make your own black-and-white
slides — quickly and economically —
here’sall you have to do: snap a picture
with a Polaroid Land Camera loaded
with special transparency film. Then
pull a tab, wait a moment and open the
rear of the camera.

There’s your transparency.

After a quick hardening and mount-
ing in a snap-together frame, the slide
is ready to be dropped into a projector.
Total time: about 90 seconds. Total
cost: about 14 the price of the average
black-and-white slide.

A new type of transparency film,
PolaLine film, is now available. It’s
been designed especially for line-copy

38

Film Processor

90 Seconds

Yourself
(with a Polaroid Land Camera)

slides and it produces crisp, black lines
and clear, transparent backgrounds.
These are 3% x 4 transparencies for
standard lantern slide projectors.

There are also continuous tone films
for both standard lantern slide projec-
tors and for use in a complete Polaroid
Land system that employs 24 x 2V4
slides in a Polaroid projector. (Develop-
ment time for continuous-tone slides is
two minutes.) All three projection film
types can be used in any Polaroid Land
Camera that uses 40-series films (except
the J-66).

Sound good? It is. There's no better
way to make transparencies. Send in
the coupon for more information,
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““POLAROID’’ AND “"POLALINE®

_______________ 1
Polaroid Corporation *
Technical Sales Dept, SA-9 I
Cambridge 39, Mass. }
Please send me detailed information about i
Polaroid Land transparencies. I
Name |

]

Address i
|

|

. |
City |
Zone State }
A
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The Effects of Smokin

O

O

There 1s no longer any doubt that cigarette smokers have a higher

death rate than nonsmokers. New biological studies help to explain

how tobacco smoke damages the lungs, heart and other body tissues

bassador to Portugal, wrote that an

American Indian herb he had ac-
quired had marvelous curative powers.
For a time his view was widely accepted,
and in his honor the herb was given the
generic name Nicotiana. The species Ni-
cotiana rustica, first introduced into Eu-
rope for smoking in pipes, was harsh and
rather disagreeable. Later it was sup-
planted by Nicotiana tabacum, which
produces a pleasanter smoke. N. rustica
is still grown in the U.S.S.R. and other
parts of Asia, but N. tabacum is now the
chief source of smoking tobacco and is
the only species cultivated in the U.S.

Skepticism about the medical value of
tobacco developed near the end of the
16th century; not long thereafter smok-
ing was condemned as a pernicious habit
responsible for all manner of ills. This
did not prevent smoking from becoming
an almost universal habit among men in
Europe and the American colonies. Ac-
tually there was no scientific evidence
for any harmful effects of tobacco until
the middle of the 19th century.

It appears that M. Bouisson, an ob-
scure French physician, deserves credit
for the first well-documented clinical
study of the matter. In 1859, reporting
on patients in the hospital at Montpellier,
he observed that of 68 patients with
cancer of the buccal cavity (45 of the
lip, 11 of the mouth, seven of the tongue
and five of the tonsil) 66 smoked pipes,
one chewed tobacco and one apparently
used tobacco in some form. He noted

In 1560 Jean Nicot, the French am-

by E. Cuyler Hammond

that cancer of the lower lip ordinarily de-
veloped at the point where the pipe was
held in the mouth. He further noted that
lip cancer occurred more frequently
among individuals who smoked short-
stemmed pipes (then called “mouth
burners”) than among those who
smoked long-stemmed clay pipes or
pipes with stems made of a substance
that does not conduct heat. He sug-
gested that the cancer resulted from irri-
tation of the tissue by tobacco products
and heat.

Bouisson’s observations were con-
firmed repeatedly over the next half-
century, but since mouth cancer did not
loom as a major medical problem the
effect on smoking habits was insignifi-
cant. Another statistically unimportant
problem early recognized as being asso-
ciated with smoking was Buerger’s dis-
ease, a rare affliction of the peripheral
arteries. It was found to occur exclu-
sively among smokers and to subside
when the patient stopped smoking. In
1936, however, two New Orleans sur-
geons, Alton Ochsner and Michael E.
De Bakey, observed that nearly all their
lung cancer patients were cigarette
smokers. Noting that lung cancer
seemed to be on the increase and that it
was paralleled by a general rise in ciga-
rette smoking, they suggested a causal
connection between the two phenomena.
In 1938 Raymond Pearl, the noted Johns
Hopkins University medical statistician,
reported that smokers had a far shorter
life expectancy than those who did not

© 1962 SCIENTIFIC AMERICAN, INC

use tobacco. The effect was so great as to
indicate that smoking must be associated
with diseases other than cancer. The
first experimental evidence for an asso-
ciation between tobacco and cancer
came in 1939, when A. H. Roffo of Ar-
gentina reported that he had produced
cancer by painting tarlike tobacco ex-
tracts on the backs of rabbits. After
World War II there was renewed in-
terest in the subject of smoking and
health, due partly to trends in tobacco
consumption and partly to trends in
death rates.

Before 1914 tobacco had been con-

sumed mainly in pipes, cigars,
chewing tobacco and snuff [see illustra-
tion on page 41]. Cigarettes began to
be popular during World War I. In the
period from the early 1920’s to 1960 the
consumption of manufactured cigarettes
in the U.S. rose from about 750 per adult
per year to 3,900 per adult per year.
During the same period the consumption
of tobacco in all other forms declined by
about 70 per cent. The net result was
that consumption of all tobacco products
rose about 30 per cent.

The changes in smoking habits are
more significant than the over-all rise in
tobacco consumption. Smoke from cigars
and pipes is heavy and as a rule slightly
alkaline. Few people can inhale it with-
out coughing or becoming dizzy or nau-
seated. Cigarette smoke, on the other
hand, is relatively light, nearly neutral
and can be inhaled readily. Most habit-
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RISE IN LUNG :CANCER DEATHS runs counter to the 60-year downtrend in total death
rates among U.S. men. In 1959 lung cancer accounted for 29,335 deaths. Colon and rectal
cancers, next in order of frequency, caused 19,129 male deaths. The nearly steady death rate
for heart and circulatory diseases conceals a significant rise in coronary artery disease,
which is offset by a long-term decline in infectious heart diseases. Curves are age-adjusted so
that death rates are not spuriously shifted by the changing age composition of the population.
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ual cigarette smokers inhale to some de-
gree, and heavy cigarette smokers tend
to inhale deeply. In a recent study con-
ducted by the American Cancer Society
detailed information has been obtained
on the smoking habits of 43,068 men and
women. Only 7 per cent of the cigarette
smokers among the men said that they
did not inhale, whereas noninhalation
was reported by 53 per cent of the pipe
smokers and 71 per cent of the cigar
smokers. Deep inhalation was reported
by 24 per cent of the cigarette smokers
compared with only 3 per cent of the
pipe smokers and 1.5 per cent of the
cigar smokers. Women who smoke in-
hale to a lesser degree than men smokers
do. Furthermore, women over the age of
40 smoke far fewer cigarettes than men
of the same age do, and few women
over 55 smoke as much as a pack a day.
Among current cigarette smokers now
over 50, the majority of the men started
the habit before they were 20, whereas
the majority of the women did not begin
until they were over 35.

During the past half-century total
death rates—including death rates from
almost all infectious diseases and some
noninfectious ones—have declined rapid-
ly. Lung cancer is a striking exception.
Deaths from lung cancer in the U.S.
have climbed from 4,000 in 1935 to
11,000 in 1945 and to 36,000 in 1960.
The toll in 1960 was approximately
equal to the number of deaths caused by
traffic accidents. In 1960, 86 per cent of
those who died from lung cancer were
men. Between 1935 and 1960 the age-
standardized death rate from lung cancer
among U.S. men (the death rate ad-
justed for age differences in the composi-
tion of the population) increased 600
per cent; among women it increased 125
per cent. And for the past several years
lung cancer has been the principal form
of fatal cancer among men.

Painstaking studies have clearly dem-
onstrated that the increase in lung can-
cer is real and not attributable merely
to improvement in diagnosis. Lung can-
cer (that is, bronchogenic carcinoma)
arises in the epithelium, or lining, of the
bronchial tubes. The increase seems to
be confined to two closely related forms
of the disease: epidermoid carcinoma
and undifferentiated carcinoma. There
seems to be little, if any, increase in
another form of the disease: adeno-
carcinoma. (In adenocarcinoma the
diseased cells assume an arrangement
resembling that of the cells in a gland.)

Lung cancer accounted for about 2
per cent of all U.S. deaths in 1960, and
for about 6 per cent of deaths among
men in their late 50’s and 60’s. The lead-



ing cause of death in the U.S. is coronary
artery disease of the heart, which ac-
counted in 1960 for nearly 29 per cent
of all deaths, and for about 35 per cent
of deaths among men still in their 40’s
and 50’s. As in the case of lung cancer,
coronary arterv disease is less common
among women, accounting for only
about 16 per cent of the deaths occurring
between the ages of 40 and 59.

In the late 1940’s, when a number of
investigators became concerned with
lung cancer, cigarette smoking was only
one of several factors suggested as possi-
ble causes for the increase in the disease.
It was already well known that lung
cancer could result from prolonged and
heavy occupational exposure to certain
industrial dusts and vapors. These in-
clude chromates, nickel carbonyl and
dusts containing radioactive particles.
Moreover, they result in epidermoid or
undifferentiated carcinoma of the bron-
chial tubes and not in the less common
adenocarcinoma.

This led to the hypothesis that the
increase in lung cancer was due to in-
creased exposure of the human popula-
tion to air contamination of some sort.
The factor involved had to be wide-
spread and not confined to any particular
occupational group. (In all countries
with adequate mortality statistics lung
cancer was found to have increased.)
Three factors that met the requirements
were: fumes from the combustion of
solid and liquid fuels, dust from asphalt
roads and the tires of motor vehicles,
and cigarette smoking. The first two
have not been ruled out as possiblv con-
tributing somewhat to the occurrence of
lung cancer. It is the third that concerns
us here.

\s‘ a first step a number of studies were
<X made comparing the smoking habits
of lung cancer patients with the smoking
habits of individuals free of the disease.
The results confirmed the 1936 observa-
tion of Ochsner and De Bakey. In every
such study a far larger percentage of
cigarette smokers was found in the lung
cancer group than in the control group.
Indeed, virtually all patients with epi-
dermoid or undifferentiated carcinoma
of the bronchial tubes admitted to smok-
ing. There appeared to be less associa-
tion, if there was any at all, between
smoking habits and adenocarcinoma of
the lung.

Cancer was not the onlv disease stud-
ied in relation to smoking habits. Know-
ing the acute effects of nicotine on the
circulatory system, many physicians be-
lieved that smoking might be bad for
patients with heart disease. In fact, a
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CHANGES IN TOBACCO USE produced a fivefold rise in cigarette consumption between
the early 1920’s and 1961, and a drop of nearly 70 per cent in consumption of all other to-
bacco products. Cigarettes are plotted both in units (color) and in pounds of unstemmed-
tobacco equivalent. Other tobacco products are shown only in pounds. Filter cigarettes,
which use less tobacco than nonfilter types, have been growing in popularity since 1951.

study made at the Mayo Clinic in 1940
by John P. English, Fredrick A. Willius
and Joseph Berkson had indicated a con-
siderable degree of association between
smoking habits and coronary artery dis-
ease. Furthermore, manv doctors were
under the impression that smoking had
a bad effect on patients with gastric and
duodenal ulcers.

A number of investigators, myself
among them, were uncertain as to the
validity of these “clinical impressions”
and “retrospective studies.” A useful
way to minimize bias and other difficul-
ties in looking for an association between
a disease and its possible causes is to
employ the “prospective,” or “follow
up,” method of investigation. The meth-
od consists of (uestioning a large num-
ber of presumably healthv individuals,
keeping in touch with them for a num-
ber of years and finally ascertaining
whether or not deaths in later vears are
associated with habits reported by the
subjects before they became ill.

Two such prospective studies were
undertaken in the fall of 1951, one in
Britain by W. Richard Doll and A. Brad-
tord Hill and the other in the U.S. by
Daniel Horn and me. Under the auspices
of the British Medical Research Council,
Doll and Hill initiated their investigation
by mailing questionnaires on smoking
habits to all British physicians. They ob-

© 1962 SCIENTIFIC AMERICAN, INC

tained information on all deaths among
British physicians by checking death
certificates. Their study is still in prog-
ress. Several years later similar investi-
gations were undertaken by Harold F.
Dorn, who studied U.S. veterans holding
life insurance; bv E. W. R. Best, G. H.
Josie and C. B. Walker, who are study-
ing Canadian veterans and pensioners;
and by John Edward Dunn, |r., George
Linden and Lester Breslow, who are
studying men employed in certain occu-
pations in California. In 1959 I started
a new and more extensive prospective
study in which smoking is included as
only onc of many factors under investi-
gation.

The findings in all these investigations
are remarkably similar; indeed, they are
as close as could possibly be expected
considering that the subjects were drawn
from different populations and were of
different ages. In the interest of brevity,
therefore, I shall present data only from
two studies with which I am personally
concerned. The first of these was carried
out as follows.

After designing and pretesting a ques-
tionnaire in the fall of 1951, we trained
more than 22,000 American Cancer So-
ciety volunteers as researchers for the
study. Between January 1 and May 31
of 1952 thev enrolled subjects in 394
counties in nine states. The subjects,
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all men between the ages of 50 and 69,
answered a simple confidential question-
naire on their smoking habits, both past
and present. A total of 187,783 men
were enrolled, filled out usable question-
naires and were successfully kept track
of for the next 44 months. Death certi-
ficates were obtained for all who died,
and additional medical information was
gathered for those who were reported to
have died of cancer. All together 11,870

CANCER)

UNG

RELATIVE DEATH RATE (

- N W

1S)

deaths were reported, of which 2,249
were attributed to cancer.

The most important finding was that
the total death rate (from all causes of
death combined) is far higher among
men with a history of regular cigarette
smoking than among men who never
smoked, but only slightly higher among
pipe and cigar smokers than among men
who never smoked. This is illustrated in
the first of the series of charts on pages

MORE THA
(MORE THAN 24

SRAMS)

RETTES SMOKED PER DAY

LUNG CANCER as a cause of death increases with the number of cigarettes (or gram equiv-

alent) consumed per day, ircording to three major studies cited in the text. “Relative death
Pl Nod o

rate” is the death rate among smokers divided by the death rate found among nonsmokers.

24 1 ; :

H RATE (CORONARY ARTERY DISEASE)

RELATIVE DEA

CORONARY ARTERY DISEASE as a cause of death also increases with the cigarettes
smoked per day. The relative death rates are lower than for lung cancer because coronary
artery disease is the leading cause of death among nonsmokers as well as among smokers.
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44,45 and 46. The death rates have been
adjusted for age, and for ease of com-
parison the death rate of men who never
smoked has been set at one.

Men who had smoked cigarettes regu-
larly and exclusively were classified ac-
cording to their cigarette consumption
at the time they were enrolled in the
study. It was found that death rates rose
progressively with increasing number
of cigarettes smoked per day, as shown
in the second chart in the series. The
death rate of those who smoked two or
more packs of cigarettes a day was ap-
proximately two and a quarter times
higher than the death rate of men who
never smoked.

Being a heavy cigarette smoker myself
at the time, I was curious to know the
death rate of ex-cigarette smokers. This
is shown in the third chart in the series.
The death rate of men who had given up
cigarette smoking a year or more prior
to enrollment was considerably lower
than that of men who were still smoking
cigarettes when they were enrolled in
the study.

Next we analyzed the data in relation
to cause of death as reported on death
certificates. Such information is subject
to error, but on checking medical records
we found that the diagnosis of cancer
had been confirmed by microscopic ex-
amination of tissue in 79 per cent of the
deaths ascribed to this disease. Even in
some of these cases, however, the site of
origin of the cancer was unknown or
open to question. This is because cancer,
unless successfully treated at an early
stage, spreads through the body and its
source is often difficult to determine.
There is another difficulty that has to do
with other causes of death. People in the
older age groups not infrequently suffer
from two or more diseases, one or an-
other of which could be fatal. Since
death can result from the combined ef-
fects of these diseases, it is difficult, and
perhaps illogical, to ascribe death to one
alone. These difficulties should be kept
in mind in evaluating the following
findings.

During the course of the study 7,316
deaths occurred among subjects with a
history of regular cigarette smoking
(some of whom smoked pipes and/or
cigars as well as cigarettes). We divided
these deaths according to primary cause
as reported on death certificates. This is
shown in the table on the opposite page
under the heading “Observed deaths.”
Only 4,651 of these cigarette smokers
would have died during the course of the
study if their death rates had exactly
matched those of men of the same age
who had never smoked. This is shown in



the table under the heading “Expected
deaths.” The difference of 2,665 deaths
(7,316 minus 4,651) can be considered
the “Excess deaths” associated with a
history of regular cigarette smoking. Of
these excess deaths 52.1 per cent were
attributed to coronary artery disease of
the heart, 13.5 per cent to lung cancer
and the remainder to other diseases.
From this it is apparent that as a cause
of death coronarv artery disease is by
far the most important disease asso-
ciated with cigarette smoking.

From the standpoint of attempting to
determine causal relations, it is best to
study the figures in the table under the
heading “Relative death rate.” This is
the observed number of deaths divided
by the expected number of deaths,
which in essence is the death rate of
cigarette smokers divided by the death
rate of subjects who never smoked.

Since coronary artery disease is the
leading cause of death among men in the
U.S. today, it is not surprising that we
found it to be the leading cause of death
among nonsmokers as well as among
cigarette smokers. But the rate was 70
per cent higher among cigarette smok-
ers. As shown in the fourth chart in the
series on the next three pages, the death
rate attributed to coronary artery disease
increased progressively with the amount
of cigarette smoking. We also found that
ex-cigarette smokers had a lower death
rate from this disease than did men who
were still smoking cigarettes at the start
of the study.

Lung cancer is an extremely rare
cause of death among nonsmokers, ex-
cept for those who have had prolonged
and heavy occupational exposure to cer-
tain dusts and fumes. Taking death-
certificate diagnosis at face value, the
lung cancer death rate was more than
10 times higher among cigarette smokers
than among nonsmokers. On obtaining
medical records we found that, of 448
deaths attributed to this cause, the diag-
nosis of bronchogenic carcinoma was es-
tablished by microscopic examination in
addition to other evidence in 327 cases,
of which 32 were adenocarcinoma. The
fifth chart in the series shows age-stand-
ardized death rates by amount of ciga-
rette smoking based on the 295 deaths
from well-verified cases of bronchogenic
carcinoma other than adenocarcinoma.
The rate was very low for men who
had never smoked, it increased with the
amount of cigarette smoking, and it was
very high for men who smoked two or
more packs of cigarettes a day. When
standardized both for age and for the
amount of smoking, the rate for ex-ciga-
rette smokers who had given up the

habit for a year or more was considerably
lower than the rate for men who were
smoking cigarettes regularly at the start
of the study. The lung cancer death rate
of cigar and pipe smokers was very low
compared with that of cigarette smokers,
although higher than the rate for non-
smokers.

All together 127 deaths were attrib-
uted to cancer of other tissues (mouth,
tongue, lip, larynx, pharynx and esoph-
agus) that are directly exposed to tobac-
co smoke and material condensed from
tobacco smoke. In 114 of these cases the
diagnosis was confirmed by microscopic
examination. Of these 114 men, 110
were smokers and only four had never
smoked. The figures suggest that pipe
and cigar smoking may be more impor-
tant than cigarette smoking in relation
to cancer of one or more sites included in
this group, but the number of cases was
not sufficient for a reliable evaluation of
this point. Nevertheless, these cancers
were the only causes of death for which
the death rate of pipe and cigar smokers
was found to be far higher than the
death rate of nonsmokers.

Other reported causes of death show-
ing a fairly high degree of association
with cigarette smoking were gastric and
duodenal ulcers, certain diseases of
the arteries, pulmonary diseases (in-
cluding pneumonia and influenza), can-
cer of the bladder and cirrhosis of the
liver. Many other diseases appeared to
be somewhat associated with cigarette
smoking.

CAUSE OF DEATH OBSERVED £

DEATHS

CORONARY ARTERY DISEASE 3,361

OTHER HEART DISEASES 503

CEREBRAL VASCULAR LESIONS 556

ANEURYSM AND BUERGER'S 86

DISEASE
OTHER CIRCULATORY DISEASES 87

LUNG CANCER
CANCER OF THE BUCCAL CAV

ITY, LARYNX OR ESOPHAGUS |
CANCER OF THE BLADDER i 70

OTHER CANCERS 902

GASTRIC AND DUODENAL ULCER ! 100

CIRRHOSIS OF THE LIVER 83

PULMONARY DISEASE 031
(EXCEPT CANCER)

ALL OTHER DISEASES 486

ACCIDENT, VIOLENCE, SUICIDE 363

In 1959 I started a new study consid-
erably larger than the first one. By secur-
ing the services of some 68,000 volunteer
workers of the American Cancer Society
in 1,121 counties in 25 states, we en-
rolled as subjects 1,079,000 men and
women over the age of 30. Each of them
filled out a lengthy confidential ques-
tionnaire including questions on family
history, diseases and physical com-
plaints, diet, smoking and other habits,
residence history, occupational expo-
sures and many other factors not in-
cluded in previous studies. We plan to
follow these subjects for six years. So far
follow-up information is available only
for the first 10% months of observation.

The early findings on smoking are in
close agreement with findings in all pre-
vious studies. In this study smokers were
asked the degree to which they inhaled
the smoke. It was found that, in relation
to total death rates, the degree of inhala-
tion is as important, and perhaps more
important, than the amount of smoking
[see illustration on page 47].

The new study has also revealed a
high degree of association between ciga-
rette smoking and a number of physical
complaints, most particularly coughing,
shortness of breath, loss of appetite and
loss of weight [see illustration on page
49]. These complaints were related to
the degree of inhalation as well as to
the amount of smoking. They were re-
ported less frequently by cigar and pipe
smokers (most of whom do not inhale)
than by cigarette smokers (mostof whom

PERCENTAGE{ RELATIVE

XPECTED EXCESS

DEATHS DEATHS i OF EXCESS :DEATH RATE

1973 1,388 52.1 1.70

425 78 2.9 1.18

428 128 4.8 1.30

29 57 2.1 297

68 19 0.7 1.28

37 360 13.5 10.73

18 3 2.7 5.06

35 35 1.3 2.00

651 251 9.4 1.39

25 75 2.8 4.00

43 40 1.5 1.93

81 150 5.6 2.85

453 33 1.2 1.07

385 —22 —0.8 0.94

DEATHS AMONG REGULAR CIGARETTE SMOKERS, labeled “Observed deaths,” are
compared with the number of deaths “expected” if the deathrates for each age group among
smokers had been the same as those found among nonsmokers. The table summarizes
the results of the study conducted by the author and Daniel Horn. The column “Excess
deaths” can be considered as the excess number of deaths associated with cigarette smoking.
“Relative death rate” is the observed number of deaths divided by the expected number.
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inhale either moderately or deeply).

Two prospective studies of smoking in
relation to the occurrence of coronary
artery disease have been carried out in
Framingham, Mass., and Albany, N.Y.
The combined findings from these stud-
ies were published on April 19 in The
New England Journal of Medicine by
Joseph T. Doyle, Thomas R. Dawber,
William B. Kannel, A. Sandra Heslin
and Harold A. Kahn. On enrollment in
these studies each subject was given a
medical examination. No symptoms of
coronary artery disease were initially
found in 4,120 men. These men were re-
examined from time to time for a num-
ber of years. Symptoms of coronary
artery disease (as well as death from
this disease) were found far more tre-
quently among those who smoked ciga-
rettes regularly than among those who
did not smoke. The total death rate was
more than twice as high among men
who smoked more than 20 cigarettes a
day as among men who had never
smoked. Ex-smokers and cigar and pipe
smokers had morbidity and mortality
records similar to the records of those
who had never smoked. Thus the find-
ings in this study based on medical ex-
amination of subjects were in close
agreement with findings in the other
U.S. studies.

Although all the studies have shown
essentially the same results, there are
some interesting differences between the
results in Britain and the U.S. Lung

cancer death rates are about twice as
high in Britain as they are in the U.S;
chronic bronchitis is reported to be a
common cause of death by British physi-
cians but is seldom mentioned as a cause
of death in the U.S.; death rates from
coronary artery disease (as reported on
death certificates) are far lower in Brit-
ain than they are in the U.S. No one
really knows the reasons for these dif-
ferences. Speculations on the subject
may be briefly summarized as follows.

Climate, the method of heating
houses, exposure to air pollutants and
occupational exposure to dusts and
fumes have all been suggested as possi-
ble reasons why both lung cancer and
chronic bronchitis appear to occur more
frequently in Britain than in this coun-
try. Differences in smoking habits have
also been suggested as a possible factor.
Doll and Hill have studied the length of
discarded cigarette butts in England and
Wales, and Ernest L. Wynder of the
Sloan-Kettering Institute for Cancer Re-
search and I have made similar studies
on this side of the Atlantic. The average
length of the butts was found to be 18.7
millimeters in England and Wales
(where cigarettes are quite expensive),
compared with 27.9 mm. in Canada and
30.9 mm. in the U.S. Therefore British
smokers consume more of each cigarette
and so receive a higher amount of nico-
tine and tobacco tar than Canadian and
U.S. smokers do.

Diet has been suggested as a possible

reason why death rates from coronary
artery disease appear to be higher in
the U.S. than they are in Britain. This
apparent difference may be at least part-
ly due to difference in diagnosis of the
cause of death. Death can result from
the combined effects of heart disease
and lung ailments, particularly in older
people. In the case of heart failure in a
person suffering from a lung disease it is
sometimes difficult to decide which to
record as the principal cause of death.
Thus the apparent high death rate re-
ported as due to chronic bronchitis in
Britain may be related to the compara-
tively low death rate reported as due to
coronary artery disease in that country.
Be that as it may, the Doll and Hill study
showed less of a relation between smok-
ing and coronary artery disease than did
our U.S. study [see lower illustration on
page 42]. On the other hand, Doll and
Hill found a very high relation between
smoking and death from chronic bron-
chitis.

In recent years considerable attention

has been given to the chemical com-
position of tobacco smoke. A great many
compounds have been identified, most
of which are present in very small
amounts. Some are distilled out of the
tobacco and others are products of com-
bustion. Included are numerous poisons
(such as nicotine), various agents that
are highly irritating to mammalian
tissues, several carcinogenic (cancer-

DEATH RATE FROM ALL CAUSES in Hammond and Horn study
was far higher among cigarette smokers than among men who never
smoked, but only slightly higher among pipe and cigar smokers.
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DAILY CIGARETTE CONSUMPTION showed a direct corre-
lation with relative death rate from all causes. The study fol-
lowed 187,783 men between the ages of 50 and 69 for 44 months.



RELATIVE DEATH RATE

producing) compounds and some co-
carcinogenic compounds (materials that
increase the potency of carcinogens).
Most of this material is suspended in
small particles, which together with car-
bon monoxide, air and other gases con-
stitute tobacco smoke.

Ernest Wynder and his various collab-
orators have shown that tobacco-smoke
condensate, or “tar,” produces cancer in
mice and rabbits if applied repeatedly
to the skin over a long period of time.
A number of investigators have con-
firmed these findings. The cancers so
produced in rodents are of a type known
as epidermoid carcinoma. (A synonym
is squamous cell carcinoma, because the
cells tend to be flattened, or squamous.)
Different strains of animals vary in sus-
ceptibility, some being highly suscepti-
ble and others highly resistant.

Many investigators who have tried to
produce lung cancer in rodents by ex-
posing them to tobacco smoke have not
succeeded in doing so. This may be be-
cause of two serious difficulties. Whereas
a human smoker takes in smoke through
his mouth, mice and other small rodents
breathe through their noses, and in
rodents this organ has developed into
a remarkably efficient filter for prevent-
ing particulate matter from being drawn
into the lung. Moreover, mice are sen-
sitive to the acute toxic effects of tobacco
smoke.

Several years ago I exposed mice to
cigarette smoke under such conditions
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FORMER SMOKERS had a lower relative death rate than those
still smoking, particularly if they had smoked fewer than 20
cigarettes a day and had stopped smoking for at least 10 years.

that they were forced to breathe smoke
of approximately the saume concentration
as that of smoke taken in by human
cigarette smokers. Unfortunately many
of my animals went into convulsions and
died within a few minutes. The remain-
ing animals lived only a short time. By
reducing the concentration of smoke the
animals can be kept alive, but under
such conditions it is doubtful whether or
not their lungs are any more heavilv ex-
posed to the particulate matter of ciga-
rette smoke than are the lungs of a
nonsmoker sitting in a small room with
several heavy smokers.

Nevertheless, by subjecting mice to
tolerable concentrations of tobacco smoke
Cecilie and Rudolph Leuchtenberger
and Paul F. Doolon of the Children’s
Cancer Research Foundation in Boston
have succeeded in producing various
changes in the lining of the bronchial
tubes of mice. These changes are similar
to changes found in the bronchial tubes
of human cigarette smokers. So far no
cancers have been produced in mice
thereby. This is consistent with the find-
ing that lung cancer rarely occurs in
human beings who are onlyv slightly
exposed to tobacco smoke.

During smoking the tissues first cx-
posed to tobacco smoke are the lips, the
tongue and the mucous membrane of
the mouth. Some of the components of
tobacco smoke (including known car-
cinogens) fluoresce under ultraviolet
light. Robert C. Mellors of the Cornell
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University Medical Colleze has shown
that this material penctraies the cells
of the lining of the mouth. The tyvpe of
cancer that arises in this tissue is cpi-
dermoid carcinoma—the same tyvpe of
cancer that is produced when tobacco
tar is applied to the skin of experimental
animals. Furthermore, the amount of tar
required to produce  epidermoid  car-
cinoma of the skin in mice is roughly
comparable to the exposure of a heavy
smoker who develops epidermoid car-
cinoma of the lip or mouth.

In study after study a high degrec of
association has been found between
smoking of all types (as well as the
chewing of tobacco) and the occurrence
of cancer of these tissues. It is hard to
escape the conclusion that this associa-
tion reflects a direct causal relation. This
does not preclude the possibility that
other factors (such as host susceptibility
or exposure to other carcinogenic mate-
rials) are involved in at least some cases.

What has just been said of smoking in
relation to cancer of the lips, mouth and
tongue also applics to cancer of the
pharvnx and cancer of the larvix. The
situation is slightly different in cancer
of the esophagus; this passageway is ex-
posed to ingested tobacco-simoke con-
densate but not dircctlv to the smoke.
The strong association between smoking
and epidermoid carcinoma of the esoph-
agus, however, would seem to point to
the same conclusion.

When inhaled, tobacco smoke travels
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CORONARY ARTERY DISEASE, which accounted for 52.1 per cent
of excess deaths among regular smokers of cigarettes, was also cor-
related very closely with the smoker’s daily cigarette consumption.
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down the trachea to the bronchial tubes
of the lungs. All but a few cases of lung
cancer originate in the lining, or epithe-
lium, of these tubes. This is remarkable
tissue, well worth describing here. Nor-
mally it consists of just two layers of cells
that rest on a thin mat of tiny fibers
called the basement membrane. This
membrane separates the epithelium
from the underlying tissue. Directly on
top of the basement membrane is a layer
of small, round cells with relatively small
nuclei. They are called basal cells. On
top of the basal cells is a single layer of
cells known as colummnar cells (because
from the side they look like columns)
interspersed with a few goblet cells
(which look like little wine goblets). The
goblet cells secrete a sticky fluid onto
the surface. This is augmented by fluid
secreted by glands located below the
basement membrane. Protruding from
the top of the columnar cells are short,
hairlike cilia, which constantly move in
a whiplike manner. This causes fluid on
the epithelium to move up through the
bronchial tubes and the trachea into the
mouth, where it is either swallowed or
expectorated.

The cilia and the fluid perform an ex-
tremely important function in cleansing
the lungs. Small particles of dust or
smoke that settle on the surface of the
bronchial tubes are trapped in the fluid
and, together with the fluid, are moved
up and out of the lungs.

It has been shown by Anderson C.
Hilding of St. Luke’s Hospital in Duluth,

Minn., by Paul Kotin of the University of
Southern California School of Medicine
and by others that tobacco smoke in-
hibits the movement of the cilia to such
a degree that the flow of fluid is slowed
down, if not stopped altogether. This
allows an accumulation of tobacco-smoke
products and whatever other material
happens to fall on the lining of the bron-
chial tubes. Smokers and nonsmokers
alike—particularly those living in cities
with polluted air and those engaged in
certain occupations—inhale dust of vari-
ous types, and some of the dusts con-
tain carcinogenic substances.

For a number of years I have been co-
operating in an extensive study of hu-
man lung tissue with Oscar Auerbach, a
pathologist at the Veterans Administra-
tion Hospital in East Orange, N.J., and
with Arthur Purdy Stout of the Columbia
University College of Physicians and
Surgeons. Some of our findings can be
summarized as follows.

At the East Orange Veterans Hospital
and at a number of hospitals in upstate
New York the lungs are routinely re-
moved at autopsy. The trachea and
bronchial tubes are dissected out of the
lungs and systematically divided into
208 portions, each of which is embedded
in paraffin. A thin section of tissue is cut
from each of these portions, mounted on
a glass slide and stained with a suitable
dye for microscopic examination. Inde-
pendently, under the supervision of
Lawrence Garfinkel of my staff, an inter-
viewer is sent to the home of each patient
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to obtain information on his or her occu-
pational history, residence history and
smoking habits. We do not include a
case unless this information can be ob-
tained. All told we have studied tissue
from the bronchial tubes of more than
1,000 individuals.

In each of our studies microscope
slides from a number of different patients
have been put in completely random
order by the use of a table of random
numbers. They are then labeled with a
serial number that gives no clue to their
identity. All the slides are studied micro-
scopically by Auerbach and samples of
them are checked by Stout. After the
slides are examined, the serial numbers
are decoded so that the microscopic find-
ings can be analyzed in relation to other
information about the subjects.

Three major types of change occur in
bronchial epithelium: hyperplasia (an
increase in the number of layers of
cells), loss of ciliated colummar cells and
changes in the nuclei of cells [see illus-
tration on page 50]. Hyperplasia is the
usual reaction of surface tissues to al-
most any type of irritation, either chemi-
cal or mechanical. A familiar example is
the formation of calluses on the hands.
We found some degree of hyperplasia
in 10 to 18 per cent of slides from non-
smokers, in more than 80 per cent of
slides from light cigarette smokers and
in more than 95 per cent of slides from
heavy cigarette smokers. Extensive hy-
perplasia (defined as five or more layers
of cells between the basement mem-
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LUNG CANCER DEATH RATES, age-standardized and based on
well-established cases exclusive of adenocarcinoma, rose sharply
for men smoking more than a pack a day in the Hammond and Horn
study. But the death rate among former smokers was much lower.
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NONSMOKERS IN THE CITY sometimes die of lung cancer, but
the death rate was only a fraction of that found among cigarette
smokers who lived in the country. The death rates are based on
well-established cases of lung cancer, exclusive of adenocarcinoma.
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brane and the columnar cells) was fre-
quently found in heavy cigarette smokers
but rarely in other subjects.

Loss of ciliated columnar cells was
observed in nonsmokers but far more
frequently in cigarette smokers, and the
frequency of this observation increased
with the amount of cigarette smoking.
The implication is that foreign material
tends not to be removed, and thus can
accumulate where the cilia have been
destroyed.

An important finding was the occur-
rence of cells with atypical nuclei. The
nuclei of cancer cells are usually large,
irregular in shape and characteristically
have many more than the normal num-
ber of chromosomes. A few cells with
nuclei that have such an appearance are
occasionally found in the bronchial epi-
thelium of men and women who have
never smoked. Presumably they result
from somatic mutation or some similar
process. In nonsmokers the frequency of
such cells does not increase with age.

Large numbers of cells with atypical
nuclei of this kind were found in slides
from cigarette smokers, and the number
increased greatly with the amount of
smoking. In heavy cigarette smokers we
found many lesions composed entirely of
cells with atypical nuclei and lacking
cilia. Fewer such lesions were found in
light cigarette smokers and none were
found in nonsmokers. Among heavy
cigarette smokers the number of cells
with atypical nuclei increased markedly
with advancing age.

In our latest study of bronchial epi-
thelium we matched 72 ex-cigarette
smokers, 72 men who had smoked ciga-
rettes regularly up to the time of their
terminal illness and 72 men who had
never smoked. None of the men had died
of lung cancer. Within each of the 72
triads, the three men were the same age,
had similar employment histories and
similar residence histories. Somewhat
more changes were found in slides from
ex-cigarette smokers than in slides from
men who had never smoked. The im-
portant finding, however, was that the
cellular changes, particularly the occur-
rence of cells with atypical nuclei, were
fairly rare in ex-cigarette smokers com-
pared with men who had smoked up
to the time of their terminal illness. The
study indicated that the number of cells
with atypical nuclei declines when a
cigarette smoker gives up the habit. This
probably occurs slowly over a period of
years.

The location of lesions is also signifi-
cant and correlates with an observation
one can make by passing cigarette smoke
through glass tubing. Some years ago I

found that when smoke was passed
through a tube with a Y-shaped bifurca-
tion, more tar precipitated where the
tube branched than elsewhere. Acting on
this lead, we have studied changes in
bronchial epithelium in relation to bi-
furcations. There are numerous such
points in the bronchial tree, because the
tubes divide and redivide into smaller
and smaller tubes. We found that lesions
composed entirely of cells with atypical
nuclei occur far more frequently at bi-
furcations than elsewhere.

In order to determine the significance
of these changes we studied the bron-
chial epithelium of men who had died of
bronchogenic carcinoma. Carcinoma is
defined as a tumor, composed of cells
with atypical nuclei, that originated in
the epithelium and has penetrated the
basement membrane and “invaded” the
underlying tissue. Once such an inva-
sion has occurred, the tumor grows—
often to considerable size—and spreads
to many parts of the body. In men who
had died of lung cancer we found large
numbers of cells with atypical nuclei, as
well as many lesions composed entirely
of such cells, scattered throughout the
epithelium of the bronchial tubes of both
lungs. In a few instances we found tiny
independent carcinomas in which the
tumor cells had broken through the base-
ment membrane at just one small spot.
These carcinomas looked exactly like
many of the other lesions composed en-
tirely of cells with atypical nuclei, except
that in the other lesions we did not find
any cells that had broken through the
basement membrane. We are of the
opinion that many, if not all, of the lesions
composed entirely of atypical cells rep-
resent an early, preinvasive stage of car-
cinoma. This is a well-known occurrence
in the cervix of the uteri of women and is
called carcinoma in situ.

Judging from experimental evidence
as well as from our findings in human
beings, we are of the opinion that car-
cinoma of bronchial epithelium origi-
nates with a change in the nuclei of a
few cells; that by cell division the num-
ber of such cells gradually increases;
that finally lesions composed entirely of
atypical cells are formed; and that oc-
casionally cells in such a lesion penetrate
the basement membrane, producing the
disease known as carcinoma. Apparently
the process is reversible up to the time
the cells with atypical nuclei break
through the basement membrane.

Where does the inhalation of tobacco
smoke fit into this picture? There appear
to be three possibilities:

1. It may be that exposure to tobacco
smoke induces changes in the nuclei of
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DEGREE OF INHALATION among ciga-
rette smokers is charted against relative
death rates from all causes. Rates are based
on the author’s new study of 1,079,000 men
and women, which was begun in 1959.

cells. This would account for the in-
crease of such cells both with the amount
of smoking and with the number of
years of smoking. It would not, however,
in itself account for the finding of a de-
crease in the number of such cells when
a cigarette smoker gives up the habit.

2. It may be that exposure to tobacco
smoke simply increases the probability
of changes taking place in the nuclei of
cells as a result of exposure to inhaled
carcinogenic agents other than those in
tobacco smoke. The inhibition of ciliary
movement by tobacco smoke may be the
major factor involved in such a relation.
Again this would not in itself account
for the decrease in cells with atypical
nuclei following cessation of cigarette
smoking.

3. It may be that exposure to tobacco
smoke produces a change in the local
environment of bronchial epithelium so
as to favor the survival and reproduction
of certain mutant cells that have atypical
nuclei of the type observed, as opposed
to the survival and reproduction of nor-
mal cells. On this hypothesis the de-
velopment of cancer results from natural
selection under conditions of greatly
altered environment. It is unnecessary to
assume that tobacco smoke causes mu-
tations, since a few cells with atypical
nuclei are sometimes found in the bron-
chial epithelium of nonsmokers. This
hypothesis suggests that normal cells are
best adapted to an environment free of
tobacco smoke, whereas cells with atypi-
cal nuclei are best adapted to an en-
vironment that includes smoke. The
hypothesis thus accounts for the decline
in the number of cells with atypical nu-
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HEART AND LUNGS are both affected by inhaled tobacco smoke, alveoli. These and the capillaries are often ruptured by coughing.
which travels down the trachea, through the bronchial tubes to the The heart must then pump blood through a smaller number of cap-
alveoli. “Tars” deposit on the epithelium and lead to clogging of illaries, against increased pressure, on a reduced oxygen supply.
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ALVEOLI of the lungs are air sacs formed by terminal expansion capillaries embedded in the alveolar walls. Destruction of this
of the bronchioles. Oxygen is supplied to the blood through the tissue thus reduces the rate at which the lungs can take up oxygen.
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clei on the cessation of cigarette smoking.

I favor the last of these three hypoth-
cses. It appears to account for all the
findings, whereas the other two hypothe-
ses account for only some of them. The
three hypotheses are not, however, mu-
tuallv exclusive.

rl‘o account for the association between
cigarette smoking and certain other
discases, such as lung infections and
coronary artery disease, other plausible
mechanisms exist. On inhalation, air and
any smoke it may contain passes through
bronchial tubes of decreasing diameter,
which finally deliver it to the tiny sacs
called alveoli. The alveoli have thin
walls supported by fibers of connective
tissue. These walls contain capillary tubes
through which blood flows from the pul-
monary arteries to the pulmonary veins.
During its passage through these capil-
laries the blood releases carbon dioxide
and absorbs oxygen. At the same time
carbon monoxide, nicotine and other im-
purities that may be present in the air or
smoke are absorbed into the blood.

The small bronchial tubes are subject
to being plugged with mucus. This fre-
quently occurs in infectious diseases of
the lung, with the result that secretions
and bacteria are trapped in the alveolar
spaces, thereby producing pneumonia.
In cigarette smokers the interior diam-
eter of the small bronchial tubes is con-
siderably reduced by hyperplasia, so that
the opening is very small indeed. In ad-
dition we find that smoking results in in-
creased activity of the glands that secrete
mucus into the bronchial tubes. This
combination almost certainly increases
the likelihood of the tubes being plugged
by mucus. In my opinion this is enough
to explain the finding that death rates
from infectious diseases of the lung are
considerably higher among cigarette
smokers than among nonsmokers.

The occlusion of a bronchial tube by
mucus (or by a spasm) often traps air in
the alveoli to which that tube leads. If
the person then happens to cough, the
pressure of the trapped air can be in-
creased to such a degree that the thin
walls of the alveoli rupture. Coughing,
excess mucus and reduction in the diam-
eter of the small bronchial tubes increase
the likelihood of such rupture.

Recently we have studied the alveoli
in relation to cigarette smoking. We
found extensive rupturing of the walls
of a great many alveoli in the lungs of
heavy cigarette smokers, a considerable
amount in lighter cigarette smokers and
very little in nonsmokers. The rupturing
of the walls is usually accompanied by

a fibrous thickening of the remaining
alveolar walls, together with a fibrous
thickening of the walls of the small
blood vessels in the vicinity. This prob-
ably results from the mechanism out-
lined above, since cigarette smoking pro-
duces coughing as well as hyperplasia of
the bronchial tubes and increased secre-
tion of mucus.

Ruptures in the walls of the alveoli
destroy the capillary tubes located in the
walls. If many are destroyed, far greater
pressure is required to force the same
quantity of blood through the remain-
ing capillaries. All the blood must pass
through them each time it circulates
through the body, and the right ventricle
of the heart has to supply the pressure.
As a result the work load of the heart is
increased in proportion to the degree of
destruction of the alveoli.

Since oxygen is supplied to the blood
through the capillaries in the alveoli, de-
struction of this tissue reduces the oxy-
gen supply on which all the tissues of the
body depend. In smokers this is com-
pounded by the inhalation of carbon
monoxide, which combines with hemo-
globin more readily than oxygen does.
This combination is enough to account
for the shortness of breath often report-
ed by cigarette smokers.

Because of its great activity heart
muscle requires an abundant supply of
oxygen. The inhalation of tobacco smoke
increases the work load of this muscle
and at the same time reduces the quan-
tity of oxygen available to the muscle. In
addition the action of nicotine on the

nervous system produces a temporary in-
crease in the heart rate and a constric-
tion of the peripheral blood vessels,
which in turn produces a temporary in-
crease in blood pressure. This also puts
an added strain on the heart. Since a
normal heart has extraordinary reserve
powers, it can probably withstand
these effects of smoking. A diseased
heart may not be able to do so.

Autopsy studies (including a study of
young men killed in the Korean war)
have shown that the great majority of
American men have at least some degree
of atherosclerosis of the coronary arter-
ies that supply blood to the muscle
of the heart. Atherosclerosis consists of
the progressive development of plaques
(composed largely of cholesterol) with-
in the walls of these relatively small
blood vessels, which thereby reduces
their interior diameter. This in turn re-
duces the supply of blood to the heart
muscle. Eventually it may completely
cut off the supply of blood to a portion
of the heart muscle, and this portion dies.
Moreover, blood clots often form in dis-
eased coronary arteries. This can also
shut off the blood and cause the death of
heart tissues. The common symptom of
a stoppage in coronary blood flow is a
heart attack.

As described above, cigarette smoking
decrcases the quantity of oxygen per
unit volume of blood. Atherosclerosis of
the coronary arteries tends to reduce the
volume of blood delivered to the heart
muscle per minute. Therefore if a person
with atherosclerosis of the coronary

It !
ot | 0K | BRI |70 ovorens
COUGH : 33.2 5.6 5.9
LOSS OF APPETITE 33 0.9 3.7
SHORTNESS OF BREATH ! 16.3 4.7 35
CHEST PAINS 7.0 3.7 1.9
DIARRHEA 33 1.7 1.9
EASILY FATIGUED 26.1 14.9 1.8
ABDOMINAL PAINS ! 6.7 38 1.8
HOARSENESS 48 26 18
LOSS OF WEIGHT 73 45 1.6
STOMACH PAINS 6.0 38 16
INSOMNIA | 10.2 6.8 15
DIFFICULTY IN SWALLOWING 1.4 1.0 14

1

PHYSICAL COMPLAINTS are more frequent among people who smoke a pack of cigarettes
or more a day than among nonsmokers. The figures are from the author’s large new study.
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arteries is also a cigarette smoker, his -

heart muscle receives far less than the
normal supply of oxygen per minute. At
the same time, because of the effects of
smoking, a heavy work load is placed on
his heart muscle. In my opinion this com-
bination of conditions is sufficient to ac-
count for the finding that the death rate
from coronary artery disease is higher in
cigarette smokers than it is in men who
never smoked, that the rate increases
with the amount of cigarette smoking,
and that it is lower in ex-cigarette
smokers than it is in men who continue
to smoke cigarettes.

Not only the heart but also all other
organs of the body require oxygen ob-
tained through the alveoli of the lungs
and distributed by the blood. Thus a re-
duction in oxygen supply resulting from
smoking may have a serious effect on
any diseased organ, and in some in-
stances it can make the difference be-
tween life and death. Perhaps this ac-
counts for the finding that death rates
from a multiplicity of chronic diseases
are slightly higher among cigarette
smokers than among nonsmokers.

I shall touch only briefly on two other
diseases that appear to be significantly
associated with cigarette smoking: gas-
tric and duodenal ulcers and cancer of
the bladder. In our first study cigarette
smokers, compared with nonsmokers,
had four times the relative death rate
from the two kinds of ulcer and twice
the death rate from cancer of the
bladder. Doll and his associates in Eng-
land recently performed a controlled
clinical experiment demonstrating that
smoking is indeed harmful to patients
with gastric ulcer. Eighty patients who
were regular smokers were divided at
random into two groups, one allowed to
continue smoking, the other advised to
stop. Among the 40 patients who con-

BRONCHIAL EPITHELIUM is the origi-
nal site of almost all lung cancer, which
often develops as shown on the opposite
page. The photomicrographs (1 through 5),
made by Oscar Auerbach of the East Or-
ange, N.J., Veterans Administration Hospi-
tal, magnify human epithelial tissue 325,
250, 250, 75 and 110 diameters respectively.
One of the first effects of smoking on nor-
mal epithelium (1) is hyperplasia (2), an
increase in the number of basal cells. The
epithelium is lost and the cells become squa-
mous, or flattened (3). When the cells de-
velop atypical nuclei and become disordered
(4), the result is called carcinoma in situ.
When these cells break through the base-
ment membrane (5), the cancer may spread
through lungs and to the rest of the body.

tinued to smoke, the ulcers healed at a
significantly slower rate than they did
among the 40 patients who cut down on
their smoking or stopped altogether.
The mechanism by which smoking evi-
dently retards recovery is unknown. It
may be due to indirect effects, such as
the effect of nicotine in the bloodstream,
or to direct action of ingested tobacco
smoke on the lining of the stomach.

As for cancer of the bladder, it is well
known that exposure to carcinogenic
agents can produce cancer in parts of
the body remote from the tissue to which
the agent is applied. For example, pro-
longed exposure to beta-naphthylamine
often produced cancer of the bladder in
workers in aniline dye plants. Conceiv-
ably some agent in tobacco smoke works
in the same way, but until the problem
is thoroughly investigated judgment
should be deferred.

After reviewing the evidence, the mild-
est statement I can make is that, in
my opinion, the inhalation of tobacco
smoke produces a number of very harm-
ful effects and shortens the life span of
human beings. The simplest way to
avoid these possible consequences is not
to smoke at all. But one can avoid the
most serious of them by smoking cigars
or a pipe instead of cigarettes, provided
that one does not inhale the smoke. An
individual who chooses to smoke ciga-
rettes can minimize the risks by restrict-
ing his consumption and by not inhaling.

The individual solution to the problem
apparently requires more will power
than many cigarette smokers have or
are inclined to exert. I am confident,
however, that more generally acceptable
solutions can be found. There is good
reason to suppose that the composition
of tobacco smoke, both qualitative and
quantitative, is a matter of considerable
importance. Until several years ago the
mainstream smoke of most U.S. ciga-
rettes contained about 35 milligrams of
“tar” per cigarette, of which about 2.5
milligrams was nicotine. The smoke
from filter-tip cigarettes now on the
market ranges in tar content from as low
as 5.7 milligrams per cigarette to nearly
30 milligrams and the nicotine content
from .4 to 2.5 milligrams. It is apparent
that by selection of tobacco and by
means of an effective filter, the nicotine
and tar content of cigarette smoke can be
markedly reduced. Some filters are se-
lective in their action. For example,
Wynder and Dietrich Hoffmann have
recently found that a certain type of
filter, which passes a reasonable amount
of smoke, removes almost all the phenols.
Thismay be important, since thesamein-
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RUPTURE OF ALVEOLAR WALLS is a
progressive process, from the normal state
(top) to the rupture of some walls (middle)
to the disappearance in certain areas of all
the alveolar tissue (bottom). These photo-
micrographs, made by Auerbach, magnify
the tissue approximately 120 diameters.

vestigators have reported that the phe-
nols in cigarette smoke strongly inhibit
the action of cilia in the bronchial tubes,
and that some phenols increase the ac-
tion of known carcinogenic agents. Fur-
thermore, by various processes it is pos-
sible to alter the chemical composition
of the smoke before it reaches the filter.
Considering this, I believe that exten-
sive research should be undertaken to
determine the effects of various constit-
uents of cigarette smoke and to find
means of removing those that are most
harmful. Until this has been accom-
plished it seems advisable to reduce the
total tar and nicotine content of cigarette
smoke by the means now available.
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The Plastic Layer of the Farth's Mantle

Earthquake waves indicate that at a depth between 37 and 155 miles
the stuff of the earth is less rigid than that above and below it.

Such a layer would have an important bearing on tectonic processes

arth scientists have often pointed
E out that physical conditions in-
side our own planet are less well
understood than those in stars light-
years away. Even more paradoxical is
the fact that the region within a few
hundred miles of the surface presents
more problems and gives rise to more
technical controversy than the region be-
low. One long-standing item of debate is
the zone called the low-velocity layer.
In 1926 the seismologist Beno Guten-
berg suggested that earthquake waves
slow down when they travel through a
zone roughly 100 to 200 kilometers (60
to 120 miles) below the surface. He at-
tributed the effect to a decrease in the
rigidity of the material in the zone com-
pared with that above and below it.
Most authorities considered his evidence
to be dubious at best, and for 30 years
they largely ignored his proposal. Re-
cently a mass of data has accumulated
that strongly supports the concept of
a low-velocity, low-rigidity layer. Its ex-
istence has important implications for
all theories concerned with structural
changes in and near the earth’s surface.
The idea that the earth becomes plas-
tic—if not, indeed, liquid—at moderate
depths goes back to the earliest days of
geology. Volcanic lava flows pointed to
a molten interior not too far below the
surface. Observations on the rate of in-
crease of temperature in deep mines in-
dicated that if the temperature continues
to increase at the same rate, rocks should
be molten at depths of less than 100
kilometers. The enormous cracks and
folds found in the earth’s crust suggested
upheavals in a mobile substratum. All
this agreed with prevailing views of the
origin of the solar system, which held
that the earth and other planets had been
torn loose from the sun and had had
time to solidify only at the surface.
One of the most compelling arguments
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for some degree of fluidity in the interior
came from the principle of isostatic
equilibrium. As long ago as 1854 gravity
measurements led geologists to suspect
that the earth’s crust floats on a denser
material. Like other floating bodies, the
crust seeks an equilibrium, riding deeper
where it is heavier and rising higher
where it is lighter. Subsequent studies,
of both the strength of gravity and the
propagation of earthquake waves, con-
firmed the notion, indicating that moun-
tains have deep roots that support them
just as the submerged portion of an ice-
berg supports the part above water,
whereas plains resemble ice floes, having
smooth upper and lower surfaces. More-
over, when the load on a part of the crust
changes suddenly (on the geological
time scale), the surface can be observed
to respond by rising or sinking to restore
equilibrium. For example, land covered
by ice during the last glaciation is still
rising at the rate of about a meter per
century. Obviously this behavior implies
that the material under the crust can
flow, if only slowly.

On the other hand, several facts ap-
peared to rule out the idea of widespread
fluid material anywhere near the surface.
From the tidal distortions of the solid
earth in response to the pulls of the sun
and moon, Lord Kelvin calculated that
the earth is more rigid than steel. Studies
of earthquake waves indicated that at
depths down to thousands of kilometers
the earth transmits not only compression
waves (P waves) but also transverse, or
shear, waves (S waves). Shear waves,
which oscillate at right angles to their
direction of motion, cannot propagate
through liquids because liquids have no
shear strength. When liquids are sub-
jected to shearing forces, they simply
flow. Finally, seismologists discovered
that earthquakes originate as deep as
700 kilometers below the surface. Since
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an earthquake represents the abrupt
yielding of rock to accumulated stress,
it characterizes brittle, not plastic, ma-
terial.

The answer to this apparent contra-
diction is suggested by the properties of
noncrystalline materials such as glass
and pitch, which behave like solids in

LITHOSPHERE

ASTHENOSPHERE

PLASTIC ZONE of earth’s mantle (color)
occupies an ill-defined region some 60 to
perhaps 250 kilometers below the surface.
In the plastic or low-velocity zone the tem-



the short run and like fluids over longer
periods. They transmit shear waves and
can support loads for a short time, but
under a steady, long-lasting force they
are plastic; that is, they flow and change
their shape permanently. Under condi-
tions of high temperature and high pres-
sure the rock under the crust could also
behave plastically. It would respond like
a rigid solid to the relatively short-lived
stresses that build up to cause earth-
quakes and the even briefer stresses in-
volved in earthquake waves, while flow-
ing slowly to adjust to the long-term
stresses caused by changes in the weight
of overlying material. Some geologists
believe that the plastic substance under
the crust is a glassy basalt. Recent evi-
dence suggests, however, that it is crys-
talline. At high temperature even a
crystalline material can flow easily, be-
cause melting at the boundaries of in-
dividual crystal grains allows them to
slide over one another.

In 1909 the Yugoslav seismologist
Andrija Mohorovitid proposed that at
some distance below the surface there

is a discontinuity where the velocity of
earthquake waves jumps from about sev-
en kilometers per second to eight.
Subsequent measurements placed the
Mohorovi¢ié discontinuity, or Moho, at
an average depth of 35 kilometers below
the surface of the continents and only
about five kilometers below the ocean
floor. Under high mountains the Moho
is as deep as 65 kilometers. Geologists
saw in the Moho the lower boundary of
the rigid, floating crust. The material be-
tween the Moho and the presumably
liquid core of the earth they named the
mantle. Yet the fact that seismic waves
travel faster below the Moho than thev
do above it implies a greater rigidity at
the top of the mantle than in the crust.
It now seems clear that the Moho marks
a change in chemical composition or
crystal structure rather than an abrupt
transition from strong to weak material.
"IV first seismic evidence for this
 transition was not forthcoming until
Gutenberg announced the low-velocity
zone. Actually what he had found was a

decrease in the amplitude of compres-
sional waves reaching the surface at a
distance between 100 and 1,000 kilo-
meters from an earthquake. At 1,000
kilometers the amplitudes were only a
hundredth as great as they were at 100
kilometers. Beyond 1,000 kilometers the
amplitudes increased sharply.
Gutenberg explained the effect by as-
suming a subsurface layer in which the
earthquake waves travel slower than
they do in the regions above or below. A
wave entering this layer obliquely from
above would be refracted downward,
away from the surface, as light is bent
downward when it passes from air to
water. On leaving the bottom of the lay-
er the wave would be refracted upward
again [see illustration on page 55]. The
result is that the wave would arrive at
the surface farther away from its source
than it would if there had been no de-
crease in velocity. Hence a gap would
appear between the last “ray” that had
missed the low-velocity layer and the
first one to enter it. As the illustration
shows, the gap, or shadow zone, is great-
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perature approaches the melting point of the rock. The lithosphere
is very elastic or brittle rock ; the asthenosphere, extending down to
can flow and relieve stress. In this highly schematic
cross section of upper portion of earth, ocean and islands are at left.
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Dots denote earthquake foci. Broken arrows indicate possible
movement of continents over ocean basin. Solid arrows mark hy-
pothetical slippage of whole lithosphere over asthenosphere.

regions represent magma, or molten rock.
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est for an earthquake originating just
above the top of the layer. Those coming
from deeper levels evince no gap. From
the extent of the shadow zone for differ-
ent earthquakes, Gutenberg calculated
that the layer is centered at a depth of
about 150 kilometers, and that between
100 and 200 kilometers the velocity is

MANTLE

0 1000 2000 3000

OUTER CORE

some 6 per cent less than it is just under
the Moho. Such a decrease in velocity
means that the rock within the layer
must be substantially less rigid than the
material above and below it. The veloc-
ity does not reach the value it had at the
base of the crust until some 250 or 300
kilometers below the surface.

INNER CORE

VELOCITY (KILOMETERS PER SECOND)

| |
B — | ()
4,000 5,000 6,000

DEPTH (KILOMETERS)

INTERNAL STRUCTURE OF THE EARTH is deduced from travel times of seismic waves.
Solid line represents compressional, or P, waves; broken line represents shear, or S, waves.
The latter disappear entirely at the outer core, indicating that this region is liquid. Low-
velocity zone causes dip in curves at far left. Hatching on block diagram near surface marks
low-velocity zone. It also marks transition zone above inner core at depth of 5,000 kilometers.
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If the low-velocity layer were perfect-
ly uniform, and if the waves really trav-
eled as rays, the shadow zone at the
surface would be completely “black.”
No waves at all would emerge within
its limits. Actually the layer is full of
inhomogeneities, and seismic waves do
not travel strictly along classical ray
paths. Like all waves, they bend around
corners by diffraction, thereby leaking
into shadowed regions. Both effects con-
tribute to the energy that is found in the
shadow zone.

It was partly this energy leak that
made other workers reluctant to accept
Gutenberg’s conclusion. In those days
seismologists paid little attention to the
comparative amplitudes of earthquake
waves. They were primarily interested in
travel times, and they tended to accept
any signal, weak or strong, if it appeared
in their records at a time when readings
at other seismographic stations led them
to expect it.

Moreover, the evidence for the low-
velocity layer was by no means clear-cut.
The statistics were assembled from many
earthquakes, large and small, shallow
and deep. The data came from seismo-
graphs of different designs. In his cal-
culations Gutenberg could make only
approximate corrections for these varia-
tions as well as for the local irregularities,
mostly unmapped, in the rock through
which different waves traveled.

Underground nuclear explosions final-
ly made possible a controlled ex-
perimental test of Gutenberg’s analysis.
The time, strength and location of these
events is known so precisely that a single
blast provides excellent data. Further-
more, seismographs today are more nu-
merous, more sensitive and more stand-
ardized than they were in 1926. Studies
of several explosions have confirmed the
conclusions Gutenberg extracted so tedi-
ously from earthquake records [see illus-
tration on page 57]. Seen in sharper
detail, the low-velocity layer extends
from about 60 kilometers to about 250
kilometers. (It is interesting to note that
the layer damps blast waves so effective-
ly that many seismologists think it poses
a major difficulty for the detection of
underground nuclear tests.)

Several independent pieces of evi-
dence now support the idea of a low-
velocity plastic layer. One is furnished
by surface waves. These are seismic dis-
turbances that follow the curved sur-
face of the earth [see bottom illustration
onpage 56] instead of passing through its
body. Although the waves travel along
the surface, they “feel” the elastic prop-
erties of the underlying material to a



N N I L)

DEPTH
RN

\ \\\\\ I 174

ST

N

VELOCITY —>

S

DEPTH

7]

VELOCITY ——>

N

/ /

N L)

/(7 7&

DEPTH
\

i
|
|
|
| |
[
|

VELOCITY —m8 >

//

DEPTH

VELOCITY ——>

PATHS OF EARTHQUAKE WAVES bend in various ways in re-
sponse to the low-velocity zone, depending on whether the earth-
quake occurs at the surface of the earth (top), at the top of the
low-velocity zone (second from top) or below the zone (third
from top). In the first two cases, refraction of waves by the zone

N

creates a “shadow zone” (hatching), where direct waves from the
earthquake do not appear. The bottom diagram shows how waves
from an earthquake at the surface would travel if there were no
low-velocity zone to bend them down. The graphs at left show
changes in the velocity of earthquake waves with increasing depth.
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SEQUENCE OF EARTHQUAKES between 1906 and 1942 along
west coast of South America falls into three groups: those occur-
ring down to a depth of 70 kilometers (colored dots, colored line),

those from 70 to 250 or 300 kilometers (black dots, black line) and
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those from 300 to 600 kilometers (open dots,broken line). The ver-
tical scale shows relative amount of strain relieved by the quakes.
Break in two lower groups around 1921 shows that they are me-
chanically coupled and are quite separate from the upper group.
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SURFACE-WAVE DATA reflect existence of low-velocity zone.
The two types of dot represent actual observations of velocity of
two kinds of surface waves plotted against wave period or length.
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Theoretical curves for an earth with a low-velocity zone (colored
lines) fit observational data far more closely than do theoretical
curves for an earth without a low-velocity zone (black lines).
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depth that depends on their wavelength;
the longer the wave, the deeper it feels
[see “Long Earthquake Waves,” by Jack
Oliver; SCIENTIFIC AMERICAN, March,
1959]. Since in general elasticity in-
creases with depth, longer waves travel
faster than shorter ones, and waves that
start out together are dispersed, or
spread out. Detailed analyses of the dis-
persion patterns show that elasticity does
not increase continuously with depth but
falls off in the region of the low-velocity
laver.

Body waves, which pass through the
deep interior, provide only a point-by-
point sampling of the outer regions of
the carth. Surface waves, on the other
hand, contain information about these
regions over their entire pzlth. Recent
studies of surface waves in our labora-
tory at the California Institute of Tech-
nology and at Columbia University have
demonstrated for the first time that
the low-velocity layer is present below
the oceans as well as below the conti-
nents. Some of the waves used in the
analysis had traveled around the earth
as many as seven times. They indicate
that the layer is in fact a world-wide
phenomenon. Comparison of oceanic
and continental paths shows that the
waves are slowed more under the occans.
Evidently the geological differences be-
tween ocean basins and land masses are
not limited to the crust but extend sev-
eral hundred kilometers into the mantle.

Conclusive proof of the world-wide
extent of the low-velocity layer came
from the great Chilean carthquake of
May 22, 1960. It was so violent that it
set the earth as a whole into vibration,
making it “ring” like a bell. The tone of
a bell—that is, the frequencies at which
it vibrates—depends on its elastic prop-
erties; a steel and a bronze bell emit dif-
ferent sounds. From records of the free
vibrations following a big carthquake it
is possible, with enormous mathematical
labor, to deduce the clastic structure of
the earth. The labor has been performed.
It shows that the low-velocity zone is
necessary to account for the observed
frequencies.

In an attempt to construct a model of
the carth that fits the current seismic
data, I have been obliged to conclude
that the low-velocity zone transmits the
horizontal and vertical vibrations in
shear waves at different speeds. A crys-
talline material in which the crystal
grains were aligned in one direction
would behave this way. One mechanism
that could bring about such an align-
ment is a How of the material. Others are
directional heat flow and differential
stress.

In addition to the purely seismic data,
several other phenomena attest to a
lowered rigidity in the material near the
top of the mantle. Variations in atmos-
pheric pressure cause measurable deflec-
tions of the earth’s surface. The amount
of deflection is much greater than it
would be if the crust and mantle had the
same strength. By assuming a weak laver
in the upper mantle the observations can
be explained quite well. Moreover, most
earthquakes originate in the first 60 kilo-

— EARTHQUAKE P WAVES, AVERAGE

meters below the surface, at an average
depth of 25 kilometers. At a depth of
more than 60 kilometers the number falls
abruptly, indicating a sudden drop in
the strength of the rock.

From 60 kilometers down the fre-
quency of earthquakes decreases stead-
ilv, dying away to zero at about 700
kilometers. This distribution implies that
the rock becomes less brittle all the way
from 60 to 700 kilometers and that it
does not regain its strength at any deeper

o EARTHQUAKE P WAVES RECORDED IN PASADENA
o TWO NEVADA NUCLEAR EXPLOSIONS (P WAVES)
A NEW MEXICO NUCLEAR EXPLOSION (P WAVES)

— EARTHQUAKE S WAVES, AVERAGE

O EARTHQUAKE S WAVES RECORDED IN PASADENA

LOGARITHM OF AMPLITUDE OF P AND S WAVES

-5 1

i

0 500 1,000

1,500 2,000 2,500

DISTANCE (KILOMETERS)

SHARP DROP IN AMPLITUDE of earthquake and nuclear-explosion waves between about
100 kilometers and 1,000 kilometers from the event is caused by low-velocity zone. The two
curves of averages for earthquake P and S waves were drawn by Beno Gutenberg on basis
of data from many earthquakes and observatories and represent world-wide averages.
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level. The picture agrees with a nomen-
clature first proposed in 1914 by the
U.S. geologist Joseph Barrell. He spoke
of an upper, rigid “lithosphere” (from
the Greek word lithos, meaning stone)
and a lower, more plastic “astheno-
sphere” (from the Greek word asthenes,
meaning weak). Barrell placed the
boundary between the two at a depth of
100 kilometers. Now it appears to be not
a sharp boundary but a transition zone
starting at some 60 kilometers.

The concept of strength and weakness
in the foregoing discussion applies to the
time in which stresses build up to cause
earthquakes. Viewed on this temporal
scale the mantle undergoes a transition
from a brittle to a plastic state at about
60 kilometers and thereafter increases in
plasticity. On the much shorter time
scale of earthquake-wave vibrations,
however, the material reverts to a strong-
er, or more elastic, condition at a depth
of more than 250 kilometers. The de-
crease in velocity at the top of the mantle
is gradual; it is not yet clear whether the
base of the low-velocity zone is charac-
terized by a gradual or an abrupt in-
crease in velocity.

S-WAVE VELOCITY
(KILOMETERS PER SECOND)

43 46 49 5.2

Almost certainly the short-term prop-
erties that set apart the low-velocity lay-
er are determined by the temperature
and pressure of the mantle in relation to
its melting point at different depths. In
general the elasticity of any material de-
creases as its temperature approaches
the melting point. But an increase in
pressure raises the melting point and
elasticity. Below the surface of the earth
both temperature and pressure increase
with depth, and so the two have op-
posing effects on the proximity to the
melting point as well as on the elastic
strength of rock. Presumably at a depth
of about 60 kilometers temperature takes
the upper hand and the rock begins to
approach its melting point, growing
weaker as the depth increases. This trend
continues down to some 200 kilometers,
where it reverses. Then pressure raises
the melting point faster than the temper-
ature increases and the material becomes
more elastic (until the liquid outer core
is reached). A few laboratory experi-
ments on rock under high temperature
and pressure seem to confirm this pic-
ture. Extrapolating the rather scanty
data indicates a very low strength at a

P-WAVE VELOCITY

(KILOMETERS PER SECOND)

82 85

depth of somewhat more than 100 kilo-
meters.

Hugo Benioff of the California Insti-
tute of Technology has discovered a re-
markable indication of discontinuity at
the level of the top of the low-velocity
zone. In studying a large number of
earthquakes in the Pacific Ocean earth-
quake belt he was able to connect cer-
tain sequences of earthquakes to single
fault structures. One sequence that oc-
curred in South America between 1906
and 1942 delineates a great fault off the
west coast of the continent. The fault is
some 4,500 kilometers long and goes
down 600 kilometers—a tenth of the
distance to the center of the earth. The
earthquakes related to the fault fall nat-
urally into three groups: (1) those shal-
lower than 70 kilometers, (2) those from
70 to 250 or 300 kilometers and (3)
those from 300 to 600 kilometers [see
top illustration on page 56]. Analysis of
the earth motions in the quakes showed
a marked similarity between the inter-
mediate and deep groups but no resem-
blance of these to the shallower group.
In particular the motions of the two deep-
er groups changed suddenly, and in the
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quakes are the only curves made from direct measurements in the
earth. Pressure is derived directly from depth. Temperature curve




(DEGREES CENTIGRADE)

same way, in 1921. There was no corre-
sponding change in the shallower earth-
quakes. Evidently there is some mechan-
ical coupling between the lower layers,
but these are sharply decoupled from the
region above 70 kilometers. Other areas
of the circum-Pacific tectonic belt show
similar phenomena.

When the earthquake foci are plotted
in three dimensions, those down to 250
kilometers fall in a plane about 900 kilo-
meters wide, dipping about 33 degrees
under the continents with respect to the
surface of the earth. The deep earth-
quakes, on the other hand, are on a plane
tilted at 60 degrees. Thus, although they
are mechanically connected, the inter-
mediate and deep layers are spatially
discontinuous. The dimensions and loca-
tion of the intermediate layer correspond
closely to those of the low-velocity zone.
X} interesting clue to the state of the
+ % material in the upper mantle was
furnished by the Soviet volcanologist
G. S. Gorshkov in 1957. He found that
shear waves from Japanese earthquakes
do not reach the Kamchatka Peninsula
when their paths cross the volcanic belt

TEMPERATURE
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is based largely on theoretical considerations. Temperature above
melting point is calculated from pressure and temperature curves.

DEGREES CENTIGRADE
ABOVE MELTING POINT
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g

between Japan and the peninsula.
Gorshkov concluded that there must be
pockets of liquid magma at a depth of
55 kilometers that absorb the waves.
Apparently in certain regions the tem-
perature not only approuches the melt-
ing point but even exceeds it. Many seis-
mologists have remarked on the fact that
the average wavelength of shear waves
is many times longer than that of com-
pressional waves. The observation could
be accounted for by a weak, perhaps
partially molten, layer that absorbs the
shorter S waves more than the longer
S waves.

Volcanoes are concentrated in parts
of the world where earthquakes are most
common, and the earthquakes actually
associated with volcanism mostly origi-
nate at depths between 60 and 200 kilo-
meters. This suggests that volcanoes are
connected with disturbances in the re-
gion of the low-velocity zone. Therefore
the distribution of volcanoes constitutes
direct evidence for the temperature—
melting point relation inferred from lab-
oratory measurements and suggests that
the low-velocity layer may be the source
of primary basaltic magma.

000 0 4 a8
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STRENGTH
(THOUSANDS OF ATMOSPHERES)

Strength, down to 50-kilometer depth, is

Volcanism and the postglacial uplift
of the crust constitute the only dynamic,
as opposed to static, geological “experi-
ments.” Both indicate fluidity, and some
degree of actual flow, in the material be-
low the crust. Moreover, they are con-
sistent with the idea of a layer of maxi-
mum plasticity in the upper mantle.

Almost all present theories of isostasy
and tectonics, including those concerned
with mountain building, faulting and the
possible drifting of the continents, focus
attention on the Mohorovici¢ discontinu-
ity, which divides the crust of the earth
from the mantle. If the picture I have
tried to outline in this article is correct,
the important discontinuity is farther
down, at the ill-defined boundary of the
rigid lithosphere and the weaker astheno-
sphere. Most of the activity responsible
for the broad-scale features of the earth’s
surface probably takes place in a low-
velocity or plastic layer at the top of the
asthenosphere, extending roughly from
60 to 250 kilometers in depth. In
particular the existence of such a plastic
layer makes the idea of continental drift
much more plausible than it has seemed
heretofore.
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THE BEHAVIOR OF SHARKS

In which large sharks are studied at close range to assess the role

of their various senses in their feeding behavior. The results give

promise that the problem of preventing shark attacks can be solved

mong the many “crash” programs of
A applied research sponsored by
the U.S. armed forces during
World War II was the effort to develop
a shark repellent. The aim, of course,
was to protect military personnel who
might be cast away at sea from one of
the more unpleasant hazards of that
experience. Investigators soon had en-
couraging results to report. They were
able to show that decomposed shark
flesh or, alternatively, copper acetate
would inhibit the feeding activities of
smooth dogfish, a harmless species, and
certain other sharks. Whether or not the
repellents that incorporated these find-
ings have ever protected anyone from a
shark attack is uncertain. During the
past five years, however, it has been
demonstrated that the odor of decom-
posed shark flesh or of copper acetate
has no inhibitory effect whatever on the
behavior of the species native to the
Caribbean Sea, nor on the behavior of
those Pacific Ocean sharks on which they
have been tested.

A year or two ago people responsible
for the safety of bathers at beaches
found reason to hope that the device
called the bubble curtain might keep
sharks away. The curtain, set up offshore
by leaking compressed air from perfora-
tions in a pipe or hose, was supposed to
present some sort of sensory or psycho-
logical barrier to approach by sharks.
Unfortunately, when it was tried out on
sharks in a laboratory pen, it proved to
be no barrier at all [see top illustration
on page 671].

These two stories may serve to remind
bathers, skin divers, small-boat sailors
and others who venture into the ocean
that there is as yet no sure protection
from sharks in open water. They serve
also to emphasize the practical motiva-
tion of a field of investigation that has
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by Perry W. Gilbert

been attracting increasing interest in
this country and abroad in recent years.
It has-long been suspected that sharks
possess a remarkable ability to locate
their prey, often at a considerable dis-
tance. Study has accordingly been
focused on the sensory organs that di-

rect their predatory behavior. Although
all sensory systems undoubtedly come
into play, it appears that three are par-
ticularly involved. They are the familiar
senses of smell and vision and the “vibra-
tion sense,” peculiar to fishes and aquatic
amphibians, that is embodied in the

LEMON SHARK PREPARES TO ATTACK a 150-pound chunk of blue marlin by circling

|

it. The shark, which is about nine feet long, was photographed by the author from an
underwater cage at the Lerner Marine Laboratory on the island of Bimini in the Bahamas.
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lateralis system, located on the head
and along each side of the body. These
organs in the shark show, a high degree
of elaboration and specialization. Inves-
tigation of the feeding behavior of
sharks, progressing in parallel with study
of their anatomy, has now begun to yield
the understanding that must come be-
fore control.

Although the anatomical work can be
done in the laboratory, observation of a
large shark requires facilities in scale
with the formidable dimensions of the
animal. At the Lerner Marine Labora-
tory of the American Museum of Natural

. History on the island of Bimini in the
Bahamas the Office of Naval Research
has provided two spacious pens, each
measuring 40 by 80 feet; these make it
possible to confine sharks up to 15 feet
in length under conditions that reason-
ably approximate those of the open sea.
In a small central pen a shark selected
for study can be trapped and brought
alongside the dock with the help of a net
and an electric hoist. After the shark has

been anesthetized by having its gills
sprayed with an anesthetic known as
M.S. 222, it can be lifted out of the water
for whatever preparation the experiment
requires. For about 20 minutes, without
danger to either the investigator or the
shark, the animal can be laid out on the
dock for such a purpose as fixing plastic
shields over its eyes to deprive it tempo-
rarily of sight.

In our work at the Lerner Laboratory

my colleagues and I have found that
it is unsafe to generalize from observa-
tion of a single shark or even a sin-
gle species of shark. When we tested the
effectiveness of the bubble curtain, for
example, we found that it did stop one
of a group of 12 large tiger sharks,
whereas the other 11 swam heedlessly
through it. We have repeatedly noted
that six or seven lemon sharks in a group
exhibit greater interest in the bait pre-
sented and attack it more vigorously
than does a solitary animal. Our experi-
ence shows that it is important to learn

as much as possible about the normal
feeding behavior of a species before at-
tempting to manipulate it experimental-
ly. The knowledge that lemon sharks
feed more actively during the evening
and at night, and that they may cease
feeding altogether for days at a time
when the temperature of the water drops
below 65 degrees Fahrenheit, can be
crucial to the evaluation of a whole
series of experiments. For these reasons
we work not only with solitary sharks
but also with groups of sharks of the
same species and at different times of the
day and year before we attempt to draw
conclusions about their behavior.

Of the shark’s three principal sensory
systems, the sense of smell has long been
regarded as the most acute; indeed, the
shark has been described as a “swim-
ming nose.” For this characterization
there is considerable anatomical support.
The nostrils, located on the underside of
the flat snout just ahead of the mouth,
open into capacious cups, or sacs, lined
with folds of tissue. Since the tissue con-

SHARK ATTACKS its prey by braking its rapid forward motion
with its large pectoral fins, tilting its head and body upward and
opening its jaws wide. Next it drops both upper and lower jaws to
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secure a firm grip on its prey and shakes its head and body violently
from side to side until it has torn off a 10-to-15-pound chunk of
tissue. Then, still shaking its head violently, it swims away quickly.
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tains the olfactory cells, the folds greatly
enlarge the sensory surface. When a
shark takes water into its mouth to aerate
its gills, suction causes some water to flow
in and out of each olfactory sac. In addi-
tion the forward motion of the shark
brings water through the funnel-shaped
nostrils into the sacs. A fleshy flap ex-
tending across the portal of each sac
separates the inflowing stream from the
outflowing. Thus the olfactory system of
a shark is constantly bathed by a current
of water whether the shark is at rest or
in motion. In one of the oddest of all
sharks, the hammerhead, the nostrils
(aswell as the eyes) are located far apart
at the ends of the “hammer.” This ana-
tomical fact, coupled with the hammer-
head’s habit of swinging its head from
side to side through a considerable arc
as it swims, may lend enhanced direc-
tionality to the species” sense of smell.

Ralph E. Sheldon, working at the
Marine Biological Laboratory in Woods
Hole, Mass., was the first to demon-
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strate scientifically that the sense of
smell is important in guiding sharks to
a meal. He observed that smooth dog-
fish had no difficulty distinguishing
a cheesecloth packet that contained
crushed crabmeat from identical packets
containing  stones. When  Sheldon
plugged the sharks™ nostrils with cotton
so that a current of water no longer
washed the olfactory sacs, they no long-
er “homed in” on the food packets, al-
though they swam quite close to them.
To obviate the possibility that the cot-
ton plugs merely rendered the sharks un-
comfortable and so discouraged them
from eating, Sheldon plugged the nostril
on one side only of several dogfish; after
a brief period of adjustment all but one
of the animals readily located the food
packet.

We have performed similar experi-
ments at Bimini. To healthy adult and
subadult lemon sharks, five to nine feet
in length, we presented four identical
perforated cans, only one of which con-

AUTHOR SPRAYS mouth and gills of a lemon shark to prepare it for experiment. It takes
about a minute to anesthetize a 500-pound shark. This photograph and the one at top of
opposite page were made by Peter Stackpole and are reproduced through the courtesy of Life.
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tained chunks of fresh bonito or tuna.
The sharks approached and circled the
baited container five or six times oftener
than they did all three unbaited ones
together. When we plugged their nos-
trils with cotton dipped in a dilute
anesthetic, they no longer showed any
such preference.

Obviously the distance at which a
shark can smell an odorous substance
depends on conditions in the water as
well as on the shark’s acuity of smell. If
a strong current prevai]s, there is evi-
dence that a shark may detect an odor a
quarter of a mile from its source. It is
a question of the degree to which the
odorous substance is diluted in the wa-
ter. In the case of salmon, it has been
shown that they can detect a substance
in dilutions down to one part in several
million. We have seen lemon sharks de-
tect small fluid samples of freshly caught
tuna (one of the strongest shark attrac-
tants we have found) placed upcurrent
at a distance of 75 feet. Given the speed
of the current and the probable dimen-
sions of the “olfactory corridor,” as indi-
cated by dyes released in the water, we
estimated that the tuna juice must have
been diluted to one part in 1.5 million.

Recently Albert L. Tester of the Uni-
versity of Hawalii reported that blacktip
sharks and gray sharks, two Pacific spe-
cies, showed a mild response to water
siphoned into their tank from another in
which fish were swimming. When these
fish were agitated, the sharks showed a
marked attraction to the siphoned water.
This suggests that a frightened or dis-
tressed fish gives off some substance in
sufficient quantity to attract sharks to it.
As in Ernest Hemingway’s The Old Man
and the Sea, big-game fishermen fre-
quently experience the frustration of
losing a prize fish to attacking sharks.
In these cases, however, sight and the
vibration sense may play an equal role.

t has been postulated, in fact, that it is
the lateralis system that enables sharks

to locate such disturbances as the tor-
pedoing of a ship from a long way off.
The mass attacks by sharks that have
occurred in connection with sea disasters
suggest that the sharks in a wide area
of the surrounding sea may somehow be
attracted to the site. In sharks the lat-
eralis system is large and well developed.
It consists of fine canals, filled with wa-
tery solution, that are just beneath the
skin of the head and along both sides
of the body. (In the primitive frillea
shark the lateral lines appear as open
grooves.) The canals are connected at
intervals to the surface through tiny



AUTHOR EXAMINES the eye of an anesthetized mako shark with as long as 20 minutes. It has been lifted horizontally from the water
an ophthalmoscope. The fish can safely be kept under anesthetic for by an electric hoist and placed on the dock for examination.

BLACK PLASTIC EYE SHIELD is inserted into a lemon shark’s fish was returned to the water for observation of the effects of
eye by the author. After the other eye had also been occluded, the blindness on its ability to locate chunks of bait placed in its pen.
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tubules and pores. Clusters of sensory
cells called neuromasts are arrayed along
the inner surface of the canals. From the
neuromasts bunches of tiny hairlike
processes reach into the fluid that fills
the canal. This structure plainly suggests
that any movement of the fluid must
cause the neuromast processes to move
ever so slightly and thereby trigger the
firing of a nerve impulse. Movement of
the fluid could well be induced by a
mechanical disturbance in the water
such as the erratic movements of a
wounded fish or the splashing of a hu-
man swimmer.

Nearly half a century ago George H.
Parker of Harvard University found
that a shark deprived of the senses of
sight and of hearing would continue to
respond to a source of disturbance in the
water as long as its lateralis system
remained intact. When Parker severed
the nerve-trunk connections of the late-
ralis system, however, the shark ceased
to respond.

Recently Otto E. Lowenstein of the
University of Birmingham suggested that
the system may serve to “echo-locate”
objects by measuring the time relations
of reflected vibrations set up by the
swimming movements of the fish itself.
This would be a particularly useful
faculty in water that is too turbid or dark
for the fish to see in. Just how sensitive
the lateralis organs are and at what dis-
tances they can detect disturbances are
unanswered questions that confront the
ingenuity of the investigator.

Against the argument still heard from

some quarters that vision plays a
minor role in the feeding behavior of
sharks, the anatomy of the shark’s eye
presents conclusive evidence. In its basic
design this eye is a somewhat flattened
version of the standard vertebrate eye,
with iris, lens and retina and three fluid-
filled chambers contained within the
tough cartilaginous envelope of the
sclera. Since the retina of the shark has
no cone cells (except in one species), it
can be concluded that the shark sees no
color and has a vision of low acuity. On
the other hand, the shark’s retina is abun-
dantly supplied with rods, which give it
high sensitivity to contrasts of light and
shadow and to motion. This sensitivity is
greatly amplified by an extraordinary
structure, the tapetum lucidum: a mir-
ror-like reflecting layer that underlies the
retina. Made up of tiny plates silvered
with guanine crystals, the tapetum re-
flects incoming light back through the
retina, thereby restimulating the light-
sensitive rods. The tapetum thus helps

64

MAJOR SENSORY SYSTEMS guiding the predatory activities of the shark are the visual,
the olfactory and the lateralis system, or vibration sense. These three are indicated in color
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OLFACTORY AND VISUAL SYSTEMS of the shark are outlined. Each nostril opens into
an olfactory sac (a), which is connected with the olfactory nerve. The sac is lined with
folds of tissue containing the olfactory cells. These folds increase the olfactory surface and
thus enhance the shark’s sensitivity to the odors carried on the currents of water that bathe
the sac. A fleshy flap (b) across the entrance to the sac divides the nostril, separating the
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in this drawing of a mako shark. The visual and olfactory systems
are localized in the head. The lateralis system has branches both in
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the head and along each side of the body. All of the shark’s sensory
systems are connected with appropriate centers in the brain.
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inflowing and outflowing water. The colored lines show this cur-
rent flow. In design the shark’s eye (c) is similar to the standard
vertebrate eye. Most species have a movable eyelid, the nictitans,
which protects the eyeball. The retina of only one species has
cones, but all have many rods. Sharks therefore have high visual

sensitivity. Behind the retina is the tapetum lucidum (d), a series
of plates silvered with guanine crystals, which reflects light back
through the retina. Many species of sharks have pigment cells
in front of the tapetum that expand to cover the plates when it
is light (e) and contract when the shark becomes dark-adapted.
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shark species that feed at night or in
very deep water make the most of the
scant amount of light entering the eye.

In the species that feed during day-
light hours this remarkable anatomical
adaptation is compensated by another
one: a curtain that temporarily occludes

the tapetum. Pigment-containing cells
expand by reflex over each tapetal plate
as the shark moves into bright light.
Conversely, as the shark becomes dark-
adapted, the pigment cells contract,
thereby uncovering the reflecting sur-
tace. The movement of the pigment cur-
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LATERALIS SYSTEM enables the shark to sense movements of the surrounding water. The
system comprises a series of fluid-filled canals in the head and along each side of the trunk.
The canals, seen here in three views, lie beneath the skin and open to it through small tubes.
Neuromasts, hairlike processes connected to the nervous system, extend into the canals from
their inner walls. Movement of the fluid in the canals, produced by disturbances in the water
outside, causes the neuromasts to move and thereby triggers release of a nerve impulse.
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tain can be seen by looking into the dark-
adapted eye of an anesthetized shark
with an ophthalmoscope. In some shal-
low-water species the lower half of the
tapetum, which faces upward toward
the light, is permanently occluded. Only
the upper portion of the tapetum, aimed
toward the bottom over which the shark
is swimming, reflects light back to the
visual cells of the retina.

Eugenie Clark of the Cape Haze Ma-
rine Laboratory has recently tested the
ability of an adult lemon shark to dis-
tinguish visually between targets of vari-
ous shapes. She presented the fish with a
diamond and a sqjuare, rewarding it with
food when it pressed its snout against
one and punishing it by bumping its
snout when it pressed the other. Al-
though both targets were white, the
shark had little difficulty in learning to
discriminate between them. It did have
difficulty, however, when presented with
a circular and a square target, both
white; apparently it could not clearly
distinguish these differences in shape.
On the other hand, responding to differ-
ence in brightness, the shark learned to
distinguish between red and white tar-
gets of the same shape fairly easily.

Our experiments at Bimini have clear-
ly demonstrated the importance of vision
in the feeding behavior of the sharks.
A shark that can see has no trouble locat-
ing bait. On the other hand, sharks tem-
porarily blinded by opaque plastic eve
shields have great difficulty finding their
food. Vision may not be a major factor in
guiding sharks that swim in turbid wa-
ters. In very clear water such as prevails
at Bimini, however, vision becomes im-
portant as soon as the shark is within 50
feet of a stationary or slowly moving
lure. Thereafter, as the distance from the
lure diminishes, the importance of vision
increases. By the time a shark is 10 feet
from its prey its sense of sight is proba-
bly its principal guide.

The sense of sight, in fact, is the target
of what appears to be the only effective,
although not universally practicable,
shark repellent, the discovery of which
was an inadvertent by-product of the
wartime experiments with decomposed
shark flesh and copper acetate. In some
of these experiments nigrosine dye was
added to the other ingredients. The re-
pellent incorporating the dye was found
to be effective against many species of
shark. Indeed, the dye is effective en-
tirely by itself. If an open bottle of
nigrosine dye is placed in a circular tank
with a free-swimming shark, the dye will
gradually diffuse through the water, col-
oring it black. As the dye spreads from
the center, the shark alters its pattern of



BUBBLE CURTAIN, proposed as a means of protecting swimmers through a perforated hose. Experiments with tiger sharks at the
against shark attacks, is produced by pumping compressed air Lerner Laboratory showed the bubble curtain to be ineffective.

F
GROUP OF LEMON SHARKS preparing to attack a 450-pound moves in for the first bite. Then the others follow, each becoming
chunk of marlin was observed from an underwater cage. One fish more agitated until what is known as a “feeding frenzy” develops.
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ELECTROCARDIOGRAM of a young lemon shark shows that its heart beats 50 times a

minute. The first upward deflection standardizes the machine’s response to one millivolt of
current. Each subsequent deflection represents a ventricular excitation of the shark’s heart.

SHARK swims freely in a circular pool while its electrocardiogram is made. These experi-
ments represent the first time such measurements have been made of free-swimming sharks.
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swimming to avoid the dark area, re-
stricting its movement to the spots that
remain clear. By the time the dye bottle
is completely empty, the shark has been
penned in a small, crescent-shaped seg-
ment of the tank, near one side. This ef-
fect is not produced by the smell of the
dye; a shark with plugged nostrils will
also avoid the dyed areas of the tank. If,
however, a shark is fitted with opaque
eye shields, it will swim straight through
the dyed water.

ln the large pens at Bimini we are now
studying, with the help of underwater
motion-picture photography, the behav-
ior of sharks at the moment they attack
and consume their prey. When a large
dead fish such as a 400-pound blue mar-
lin is offered, lemon sharks first slowly
circle it at a distance of six to 10 feet.
Then, as they swim faster, the circle
tightens and presently one shark moves
in for the first bite. Contrary to popular
belief, the shark seldom rolls on its side.
Braking its forward motion with its large
pectoral fins, the shark points upward
slightly as its mouth makes contact with
the bait. It opens its jaws wide, the lower
jaw dropping downward and the upper
jaw protruding markedly from beneath
the thin upper lip. If the first bite does
not give the shark an adequate hold, it
bites a second and third time until it an-
chors its teeth deeply. Then it closes
its jaws and shakes the entire forward
part of its body violently from side
to side until it has torn 10 to 15 pounds
of tissue from the marlin. Still shaking
its head vigorously from side to side,
the shark swims quickly away.

As the blood and body juices of the
marlin flow from the wound, the other
sharks in the pack become more and
more agitated and move in rapidly for
their share of the meal. Frequently three
or four sharks will attack the marlin si-
multaneously. A wild scene, sometimes
called a “feeding frenzy,” now ensues.
The behavior of the animals appears to
be determined entirely by the visual
sense. An observer can substitute tin
cans and wooden boxes for the marlin,
and the sharks will indiscriminately at-
tack and consume them. It is clear that
any effective shark repellent will have to
take effect long before the animals go
into a feeding frenzy. Research on living
sharks is, however, still relatively young.
Although there is much to be learned
about these remarkable fish, the work
now under way in many parts of the
world holds out hope that new and bet-
ter methods can be found to protect man
from attack by sharks.
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microfilm to paper in 30 seconds...how to tie up a transamidinase ~

... modulation transfer curves for film

Retriever for sale

So you think information-
retrieval schemes have been
over-automated to the point
of silliness, do you? You may
be right.

Let us assume no army of
wise (but personally unam-
bitious) scholars has been
raised to encode all knowl-
edge that has been accumu-
lated through all past time in
a given field. Let us merely
assume that you have a col-
lection of microfilm and a '
rough idea of how its content is organized. Let us assume that
you have a new machine known as a RECORDAK LODESTAR
Reader-Printer, Model PES. You want to retrieve.

Select a likely cartridge of your microfilm and insert it into
the reader. This action illuminates the screen and starts the
motors. A flick of a lever threads the film into the machine
and regulates the speed of film advance or rewind up to 600
feet per minute. Such high searching speed is made possible
by a miraculous sensing device, the human eye, assisted by a
scale on the side of the screen and a touch of foresight in
having done the microfilming with a camera that exposes
index marks alongside the document images.

With the desired image centered on the screen, press the
“PRINT” button. Thirty seconds later there emerges before
you a neatly cut 814" x 1114" positive copy of the retrieved
microfilm document, truly photographic in quality, dry in
seconds. Each additional print of the same image takes 17
seconds to deliver. Search can be resumed 17 seconds after
the “PRINT” button is pressed. Only one processing solution
is used, and it’s good for one week or 150 prints (whichever
comes first). No darkroom facilities are required.

The machine stands 31" high, 16” wide, and 285" deep; weighs

143 Ibs.; is sold for $2650 by Recordak Corp., 770 Broadway, New
York 3, N. Y. (Subsidiary of Eastman Kodak Company).

—SH
Some obscure organic compound is first synthesized in 1937
or 1927 or 1887. Investigators of a later generation who base a
technique on the compound get scant credit for gall suffered
and gold spent on the dreary old synthesis, however grimy
the bottoms of any pitfalls discovered.

Consider 1,1 "-Dithiodiformamidine Dihydrochloride. It has
been found to split and provide

NH

—S C NH2

that seems to seek out active sulfhydryl sites on transamidi-
nases with which it forms disulfide links, with the result that
the transamidinase cannot transfer metabolic amidine until
something like cysteine comes along that is more attractive
to the thioformamidine and breaks the blockage (Archives of
Biochemistry and Biophysics, 86, 80). By offering it as EasT-
MAN 8479 we hasten fuller knowledge of enzyme action.

We are not vain men but merely ambitious men who are just as
eager to sell this as any of the 3900 other Eastman Organic Chemicals
available from Distillation Products Industries, Rochester 3, N. Y.
(Division of Eastman Kodak Company).

No snow job

Flip through one of those magazines that point high on the
taste-making hierarchy. Look at those ads. Notice that nearly
all depend on photographs to generate emotion. Very potent.
Here dangles the carrot that powers the economic machine.
Here, in an extremely important function of photography in
today’s world, a subjective attitude by the viewer is intended
and achieved with ever more resounding success.

At the same time and with no less skill, success, or impor-
tance for today’s world, photography (a word becoming quite
difficult to define) is being wrung as dry as possible of sub-
jectivity.

Hopped up on information theory, habituated to the tube-
handbook way of life, harried by urgent need to watch some
vane flutter fifty miles high in the sky, heavy-footed engineers
are trampling on the nuances where the grapes of art are
stored. Curves they want, not adjectives. Curves they shall
have. Like these for Kobpak RoyaL-X Pan Recording Film:
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53 sets of them. They have just been published in *Modulation
Transfer Data for KODAK Films,” a pamphlet obtainable free from
Eastman Kodak Company, Special Sensitized Products Division,
Rochester 4, N. Y.

This is not a snow job. We have thought it worthwhile to
go to a great deal of trouble to obtain these data from actual
measurements on actual film.

To spend great gobs of engineering time on a system and
then shop for film to run it on with the question, “What’s the
resolving power?” is naive.

“Then what would you suggest, bud?”’ counters the en-
gineer.

Now, for the first time, we can do better than mumble
something scientific in answer. The resolving power, which
was never very objective, is now merely a point on the curve.
Unfortunately, a single number like that isn’t quite enough.

Much work still lies ahead. Publication of these modulation
transfer curves for Kopak films may hasten the advent of
modulation transfer curves for lenses. In the meantime, it is
possible to work backward by measuring the over-all modu-
lation transfer function and “dividing” it by the function the
pamphlet, gives for the film. As a simpler expedient to aid in
distinguishing the feasible from the unfeasible, one can use
the modulation transfer function for a perfect (i.e. diffraction-
limited) lens. It’s included with the pamphlet.

A review paper on all this entitled “Methods of Appraising Photo-
graphic Systems” has been much in demand not only by instrumenta-
tion and communication engineers but by scientists as well. Perhaps
they are troubled as to the validity of their experimental assumptions.
If you ask for the curves but not for the review paper, we shall assume
that you already have it or are too well informed to need it.

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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W FLEXIBLE
PERMANENT

RTV
102

SILICONE
RUBBER

ADHESIVE
SEALANT

READY-TO-USE

CENERAL @5 eLECTRIC

seal metal joints, ® seal leaks
sheet work ® use as adhesive
for pre-fabricated

silicone rubber

insulate wiring
and terminals

For a thousand jobs, just squeeze
it on and it’s on to stay! No pre-
mixing or priming. RTV-102
silicone rubber adheres to almost
anything — glass, metal, plastics,
tile, wood, silicone rubber. Sets in
minutes, cures in a few hours, forms
a resilient rubber that never dries
out, cakes or cracks. Resists mois-
ture, grease, weathering, many
chemicals, and temperatures from
—75°F to 500°F.

RTV-102 won’t sag on vertical
surfaces, can be smoothed over
large areas, “gives” with vibration
and flexing. For free evaluation
sample plus technical data, write
on your letterhead describing your
application to Section U770, Sili-
cone Products Department, General
Electric Company, Waterford, N.Y.

GENERAL @B ELECTRIC
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The Effects of Nuclear Weapons

r I Yhe Department of Defense and the
Atomic Energy Commission have
published a third, revised edition

of The Effects of Nuclear Weapons. As
in the 1957 edition ( the first edition was
published in 1950), 20 megatons is the
upper limit of explosive power for which
effects are detailed, but with the help
of scaling laws the reader can compute
“the effects to be expected from a nuclear
explosion of any prescribed TNT equiv-
alent.” In the present edition the estimate
of the intensity of the initial radiation
from early fallout has been doubled, and
it is pointed out that chance concentra-
tion of fallout particles can vastly multi-
ply the hazard of residual radiation at
large distances downwind.

New material includes effects on radio
communications and radar, more exten-
sive treatment of civil defense measures
and appendixes on nuclear-weapons
safety and on the detection of distant
nuclear explosions in the atmosphere
and underground. A “corrected page”
inserted after the book was bound re-
flects the experience of Project Gnome,
undertaken last December to show that
an underground test could be “decou-
pled” and so concealed by firing it in
a salt bed. The original page 689, still in
the book, reads: “In other words, salt
has a decoupling factor of about 2.5
compared to tuff for a tamped explo-
sion.” The corrected page reads: “Salt
has a coupling (rather than a decou-
pling) factor of 2.5 compared to tuff
for tamped nuclear explosions.”

Some effects of nuclear weapons not

| covered in the handbook are treated in
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GIENGE AND

a symposium on the medical conse-
quences of thermonuclear war in the
May 31 issue of The New England
Journal of Medicine. The authors are
physicians and physicists associated with
the medical schools and universities of
the Boston area and organized as Physi-
cians for Social Responsibility. Adopt-
ing the model 1,446-megaton attack on
the continental U.S. featured in the civil
defense hearings of the Joint Congres-
sional Committee on Atomic Energy
held in 1959, they consider in detail the
consequences of the 20 megatons sched-
uled for Boston in that attack.

Since the explosion is assumed to have
taken place at the ground, the effects of
blast and fire have been minimized, but
local fallout is severe. Somewhere be-
tween 739,000 and 2.24 million people
have been killed outright. Among the
dead are 4,850 physicians. The 640
physicians who have escaped without
injury, assisted by the 260 physicians
not incapacitated by their injuries, now
face the task of caring for between
900,000 and 1.53 million injured. With
1,000 to 1,700 injured persons per doc-
tor, “most of the fatally injured persons
will never see a physician, even for the
simple administration of narcotics....
Many of those injured who might sur-
vive with adequate care will also die.
Burn injury is likely to cause the great-
est number of casualties.... But thou-
sands of patients will also present frac-
tures, ruptures of internal organs, pene-
trating wounds of the skull or thorax and
infections; many, in fact, will suffer all
these and burns as well.” The sorting
out of the more “salvageable” injured
will be “made even more difficult by
the presence of radiation injury.... The
necessity of making quick judgments
involving life-and-death decisions for
individual patients after only cursory
examination...would represent a pro-
found and difficult reversal in the atti-
tudes and performance of the physician.”

In the aftermath of the catastrophe
the authors foresee unprecedented pub-
lic health problems: “It is likely that
the vectors of epidemic disease would
survive radiation injury better than the
human population. Eastern equine en-
cephalitis, hepatitis, poliomyelitis and
other endemic disease could easily
reach epidemic proportions under these
circumstances.” Prompt disposal of the
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dead will be essential “for control of
epidemic disease and its vectors, flies
and rodents” and for “eqqually important,
though less apparent,” psychological rea-
sons. Citing a study by the Office of Civil
Defense Mobilization, the authors con-
cur in the view that “the demolished city
mustbe fenced in or cordoned and placed
under quarantine.”

The “planning for a potential disaster
on a global scale,” the authors conclude,
already lays a chronic stress on individ-
uals and society for which “famine,
slavery and plague” provide more rele-
vant historical experience than wars.
They urge that physicians explore “a new
area of preventive medicine, the preven-
tion of thermonuclear war.”

The Effects of Weapons Tests

Two reports with somewhat different |

points of view toward radiation from
fallout (and other sources) have been
published in the past few weeks. The
Federal Radiation Council, a group set
up to advise the President on radiation
health problems, has concluded that
“nuclear testing through 1961 has in-
creased by small amounts the normal
risks of adverse health effects.” One of
the “principal purposes” of the council’s
report, according to The New York
Times, was “to help end the public con-
fusion and fears resulting from the vary-
ing and often contradictory estimates
made by individual scientists.” The
second report, by the National Advisory
Committee on Radiation, a body that ad-

vises the U.S. Surgeon General, pointed |

to “important gaps within current [radi-
ation] surveillance operations,” called
for improvement of “radiation protection
standards” and, “most important of all,”
for the development of “safe, effective
countermeasures against all radiocon-
taminants of public health importance.”
“At present,” said the committee, “the
nation’s countermeasure capability is in-
adequately developed and largely un-
coordinated. It is a serious weakness
which demands prompt correction.”

In the Federal Radiation Council re-
port it is estimated that the average U.S.

radiation dose for a single year from |

fallout due to all tests through 1961
ranges from 10 to 25 millirems (a unit
designed to take into account both the
physical properties of radiation and its
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1957

12 Mev 2-stage Tandem (Model EN)

1961

17.5 Mev 3.stage Tandem (Model EN)
with 5 Mev negative ion injector

™

B,

21.5 Mev 3-stage Tandem (Model FN)

—

an evolution

in particle

1962

20 Mev 2-stage Tandem (Model MP)

accelerator

systems

THE TANDEM Van de Graaff®

The business of making particle accelerators is characterized principally by
change and adaptation. While data being taken from our original Tandem —
built way back in 1957 — is earning a respected place in current scientific
literature, we are engaged in a determined effort to design machines of even
greater energy and precision, higher current and more versatility. (Our cus-
tomers regard anything that works as a point of departure.)

The logical result of this activity has been a ‘“‘second generation’ of tandems
now on order for several laboratories. Having accepted the elegant charge-
exchange principle upon which Tandems depend for multiple acceleration
stages, three-stage machines were inevitable and they, too, are in the works.

The sound development of accelerator systems, we believe, depends heavily
on ideas flowing to us from the user. Our eagerness to listen, plus a willingness
to invest a dime of every dollar in research, is a guar-
antee that every High Voltage Engineering accelerator
will make an immediate and lasting contribution to the
experimental program for which it is designed.

h

THE RESEARCH TANDEM —A y-sp ed 1
and development facility devoted to increasing the energy, beam
Intensity, precision and reliability of particle accelerators.

HIGH VOLTAGE ENGINEERING

BURLINGTON, MASSACHUSETTS, U.S.A.

APPLIED RADIATION CORPORATION
HIGH VOLTAGE ENGINEERING (EUROPA) N.V.
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ALGCIA ALUMINI

ALUMINUM COMPANY OF AMEWA
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One of several stress-analysis techniques
used to prove out design of Alcoa®™ Alumi-
aym forged tank wheels for Army's new Main
Battle Tank. Here electrical strain gages and
dial indicators precisely measure strains
and deflections under radial and side loads.
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Jack Faulkner’s
curiosity contributed
to lighter tanks

Jack Faulkner heads the Military
Equipment Section of Alcoa’s De-
velopment Division. His aerospace
background and 15 years with Alcoa
have made him a bug on weight
savings. So when Ordnance Tank
Automotive Command’s suspension
project engineer asked if Alcoa
could come up with an aluminum
wheel for the Army’s new Main
Battle Tank (MBT), Jack’s reac-
tion was, “I’'m sure we can—let’s
get started.”

Faulkner and his engineers had
one successful tank wheel under
their belts (the M-60) and another
fully designed and laboratory-tested
(the M-109); now they were close
after the third. It began to take
shape on paper. The wheel would
use Alcoa’s unique re-entrant de-
sign that had proved itself on the
M-60 wheel, but it would be a
couple of pounds lighter, even
though much larger. Jack hand-
carried his baby to OTAC.

OTAC bought the idea, gave
Alcoa an R&D contract to prove
this design and provide prototype
wheels.

A few weeks later, a hand-forged
sample was ready for Alcoa’s de-
velopment lab. It got the works.
Ultrasonic inspection. Tensile tests.
The full gamut of stress-coat, strain-
gage and load-deflection tests. Doz-
ens of checks and counterchecks.

The result: a 62-1b aluminum
wheel that’s as strong as steel, but
weighs only half as much. An alu-
minum wheel that can stand a
60,000-lb load pounding over the
roughest terrain. A wheel that,
along with its 19 companions, cuts
1,200 1b of unsprung weight off the
Army’s MBT to give it more punch,
more mobility.

No other aluminum producer has
so much experience, so many men,
alloys and machines to provide an
answer to your problem. Write:
Aluminum Company of America,
1866-G  Alcoa Building, Pittsburgh
19, Pennsylvania.

vAl.GOA ALUMINUM

‘ ALUMINUM COMPANY OF AMERICA

biological effects). Natural background
radiation gives a dose of 100 millirems
in the same period, and the “radiation
protection guide” (RPG) for the general
population is 170 millirems. This last is
a figure set by the council and described
by the Surgeon General as “the total
radiation dose in one year considered to
be an acceptable risk—that is, a risk of
adverse radiation effects which is judged
to be low enough to be justified by the
need to release radioactive materials in
connection with nuclear energy opera-
tions.” Over a 30-year period the fallout
dose (for all pre-1962 tests) is only 60 to
130 millirems as against 3,000 from nat-
ural background and 5,000 “allowed”
under the RPG.

Since even small quantities of radia-
tion are thought to have harmful effects,
both somatic and genetic, the council
estimates the damage that may be pro-
duced in the U.S. population by the
above fallout levels. In the next 70 years,
it finds, fallout radiation may be re-
sponsible for between zero and 2,000
cases of leukemia, compared with be-
tween zero and 84,000 cases expected in
the same period from natural radiation.
For bone cancer the comparable num-
bers are between zero and 700 cases for
fallout; between zero and 14,000 for nat-
ural background. As to genetic effects,
the number of “gross physical or mental
defects” caused by fallout in the next
generation is placed at 110. For all fu-
ture generations the number is 3,000,
of which 2,000 are attributed to the ra-
dioactive isotope carbon 14. “Any fur-
ther testing,” the report points out, “will
of course increase the exposure.”

Not mentioned in the council’s sum-
mary tables, although it is discussed in
the body of the report, is the radioactive
isotope iodine 131. This isotope has a
short life, decaying by half every eight
days. If present in fallout, however, it

| finds its way into the human diet through

milk, and it tends to concentrate in the
thyroid gland, particularly in infants.
There sufficiently large amounts of ra-
diation can cause cancer. According to
the report, “doses to the thyroid [in in-
fants] from the major past tests were
estimated to have ranged from 100 to
200 millirems per year during and imme-
diately following periods of testing,” but
“it is likely that there was much geo-
graphic variation and in some limited
areas of the U.S. the average thyroid
doses were probably many times the na-
tional average.” The RPG for radioiodine
dose is 500 millirems.

In testimony last month before the
Joint Congressional Committee on
Atomic Energy it was revealed that fall-
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out from the recent tests carried out by
the U.S.S.R. in the Arctic returned to
earth much sooner than fallout from the
tests conducted by the U.S. near the
Equator, and that therefore iodine 131
represented an unexpectedly large frac-
tion of the total radioactivity during the
period of the tests and the weeks follow-
ing. The fallout was particularly intense
in the Middle Western region of the
U.S., and some infants there are be-
lieved to have received as much as four-
fifths of the RPG of radioactive iodine.

Largely because the half life of iodine
131 is so short, effective countermeas-
ures are available against the effects of
the isotope. These are discussed at some
length in the report of the National Ad-
visory Committee on Radiation. Infants,
nursing mothers and pregnant women
in a contaminated area can drink pow-
dered or canned milk until the iodine in
the area decays to safe levels. Moreover,
threatened individuals can take large
doses of ordinary, nonradioactive iodine,
thus saturating their thyroid glands and
preventing the uptake of radioactive
iodine. The latter measure is not recom-
mended for large groups but rather
for a limited number of people who
might, for example, be exposed in a
nuclear-reactor accident.

Although countermeasures exist, clear-
cut legal authority and responsibility for
putting them into effect do not. This
was brought out before the Joint Com-
mittee by Russell H. Morgan, professor
of radiology at Johns Hopkins University
and chairman of the National Advisory
Committee on Radiation. If the U.S.S.R.
resumes testing soon, Morgan pointed
out, the dose of radioactive iodine will
probably exceed the RPG in several
cities, but no agency or other branch of
the Government has the responsibility
for countermeasures, nor has any policy
been formulated on the matter.

In the case of another constituent of
fallout, the widely discussed strontium
90, the Advisory Committee report says
that “there are no countermeasures. ..
which fulfill all of the primary require-
ments of effectiveness, safety and feasi-
bility.” (Strontium, chemically akin to
calcium, is deposited in bone. Because
of its long half life—28 years—it con-
tinues to produce radiation during the
lifetime of the affected individuals.)

The Advisory Committee concludes
that the Public Health Service does not
have sufficient funds to discharge its
major responsibilities in the field of ra-
diation: (1) to develop adequate coun-
termeasures against strontium 90 and
other potentially important radioactive
species, (2) to expand monitoring fa-
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For General Electric’s Valley Forge Space Technology Center, Stokes designed and
is currently installing three of these space environmental test chambers, 38'6" in
diameter—the chambers will be cryogenically pumped at ultra-high vacuum.

DOWN-TO-EARTH TESTING
FOR SPACE-BOUND VEHIGLES

As the nation’s leading supplier of major space test facilities,
F. J. Stokes Corporation has designed and is installing
chambers representing the very forefront of space simulation
technology. Typical of these installations are vacuum and
cryogenic systems for two major facilities at NASA’s Goddard
Space Flight Center, and the test chamber for Bell Telephone
Laboratories’ project Telstar, as well as the chambers de-
scribed above. Our capability includes complete systems
design, fabrication and installation—on a project manage-
ment or single source basis.

Whatever your requirements for space simulation facilities,
you will find Stokes uniquely qualified to fulfill them. Our
half century of experience in all aspects of high vacuum tech-
nology is reflected in unsurpassed equipment performance and
reliability —from quality vacuum components, packaged vac-
uum impregnation systems and food freeze drying plants to
vacuum furnaces, degassing systems and vacuum metallizing
units. Why not put Stokes vacuum capability to work for you?
Space Systems Department, F. J. Stokes Corporation, 5500

Tabor Road, Philadelphia 20, Pa.
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| cilities for radioactivity, (3) to speed
up the detection and reporting of dan-
gerously high levels of radioactivity and
(4) to conduct the research necessary
for the formulation of adequate radia-
tion protection standards. These activi-
ties will require a budget of $25 mil-
lion in the fiscal year 1962-1963 (the
Administration has requested $16 mil-
lion), and “increasing amounts each year
thereafter until an annual budget of
$100 million is reached by 1970.”

Freezing Out Ulcers

Surgeons at the University of Minne-
sota are treating duodenal ulcer sim-
ply by freezing the patient’s stomach
solid for an hour. The procedure de-
stroys cells that secrete pepsin and gas-
tric acids, both of which irritate the ul-
cers and prevent healing. More than 40
patients have been successfully treated
at Minnesota, where the method has al-
most completely replaced the nerve-cut-
ting operations and the partial or com-
plete removal of the stomach that had
formerly constituted standard therapy
for ulcers not healed by diet or drugs.
Surgery is still preferred for ulcers of the
stomach proper, both because gastric-
ulcer patients tolerate the freezing proc-
ess less well and because of the risk of
the ulcers becoming cancerous.

In the freezing technique, described
in The Journal of the American Medical
Association by Owen H. Wangensteen
and several colleagues, the patient swal-
lows a rubber balloon through which is
circulated alcohol cooled to minus 20 de-
grees centigrade. Most people do not
find the procedure uncomfortable, and
its effect on gastric secretion lasts for
many montbhs, if not indefinitely. At the
same time the stomach remains capable
of normal peristalsis and emptying.

Co-operation in Science

The pattern of scientific co-operation

established by the International Geo-
physical Year is currently being vigor-
ously promoted by the U.S., Japan and
the U.S.S.R. The U.S. and Japan are
planning a broad program of collabora-
tive scientific scholarship. The program,
which will be unique among scientific
exchanges between two nations, is being
organized by a joint committee of U.S.
and Japanese scientists. At a meeting
in Washington in May the committee
worked out proposals for co-operation in
five areas: (1) exchange of scholars in
the sciences, (2) exchange of scientific
and technical information and materials,
(3) scientific investigations of the Pacific




Putting Teeth in

The GAM-77 “*Hound Dog” air-to-surface missile
is armed automatically by a Mallory program
timer after launching from a plane. The all-solid-
state Mallory timer can be set from the plane to
start the arming process after a “Hound Dog”
is unleashed. Nowhere is dependability of com-
ponents more vital than in this missile, made for
the Air Force by North American Aviation.

Mallory makes many other kinds of ultra-
dependable solid-state devices—both as separate

Imagination in electronics and metallurgy

the “Hound Dog”

building blocks and complete functional assem-
blies—to make things happen in the right se-
quence, to sense and respond to stimuli, to channel
power where it’s needed. Some of these devices
already are giving the important commands in all
sorts of military electronic systems, and many
are calling the shots into outer space.

For a briefing on Mallory work in solid-state
circuitry, you need only to write P. R. Mallory
& Co. Inc., Indianapolis 6, Indiana.

MALLORY
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A new breed of
testing machines

Order: Universal Hydraulic Testing Machines . Family: Budd
Genus: UEH Series . Species: 75,000 lbs., 200,000 lbs., 400,000 lbs.
and higher capacities limited only by your needs.

Distinguishing traits: Can test specimens, structural parts and components
in tension, compression, flexure, alternating load (cycling) and stress relaxa-
tion . . . at high straining rates in either direction of loading. Incorporate an
impressive array of structural and operational features, from which the following
few examples have been selected to whet your appetite for complete data:

Loading frame is controlled by a closed-loop electrohydraulic servo system

commanded by a linear programmer which provides a ramp function of

predetermined slope for programming the machine in any of three modes of

control—position, load and strain. The machine incorporates a

function generator for sinusoidal programming, provisions for

using an external curve follower, and manual control any
time you wish to extend flexibility.

Genealogy: The UEH series is the latest in a
large family of Budd high-performance testing
machines, both universal and specialized. Its
other relatives include a wide variety of Budd
products for testing, stress analysis and research
(see below). A brief communication from you will
quickly bring all vital statistics on UEH ma-
chines, as well as on other products of interest.
Instruments Division, The Budd Company, P.O.
Box 245, Phoenixville, Pa.

INSTRUMENTS ,,__D ’ )
V0 1/ /[ P

MetalFilm strain gages and instrumentation  Load cells « PhotoStress* photoelastic materials
and equipment ¢ Universal and Fatigue testing machines « Radac® eddy current test equip-
ment ¢ Radiography egquipment e« Irradiation systems

*zandman method
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Ocean, (4) animal and plant geography
and ecology of the Pacific area and (5)
cancer research. Although funds have
not yet been appropriated for the pro-
gram, the meetings of the committee are
sponsored by the two governments.
Dmitri I. Blokhintsev, a leading Soviet
physicist and head of the Joint Nuclear
Research Institute of the Communist-
bloc countries, has proposed that the
U.S. and the U.S.S.R. join in building
an accelerator capable of producing
subatomic particles with energies of a
trillion electron volts. The largest ac-
celerators now in operation are the 30-
billion-electron-volt machines at the

Brookhaven National Laboratory and

the European Center for Nuclear Re-
search (CERN) in Geneva.

President Kennedy has made a new
appeal for the U.S. and the US.S.R.
to co-operate in space research. Such
co-operation, which was originally sug-
gested by Premier Khrushchev after the
orbital flight of John H. Glenn, ]r., has
so far only been in the discussion stage.
It is proposed that the two nations col-
laborate on projects in the exploration of
space, satellite communications and the
observation of weather by satellites.

Universal Genetic Code?

Unquestionably the most exciting de-

velopment in biology in the past
year has been the breaking of the genetic
code. The code is embodied in the he-
reditary molecule deoxyribonucleic acid
(DNA), which carries the plans for the
thousands of proteins manufactured by
the living cell. These plans are expressed
in a “four-letter alphabet” in which the
letters are the four molecular units
called bases contained in DNA. The
break came originally from experiments
in which extracts of colon bacilli were
combined with synthetic ribonucleic
acid (RNA) containing known amounts
of the four bases. This RNA substituted
for “messenger RNA,” which normally
carries the genetic message from DNA
to the ribosomes, the cellular particles
where proteins are assembled. With the
code for one species of bacteria de-
ciphered, the question arose whether or
not the same genetic language would
apply to all living cells.

Striking evidence that the code may
indeed be universal is reported in the
May issue of the Proceedings of the Na-
tional Academy of Sciences. It has been
found that when the ribosomes of the
colon bacillus are supplied with RNA
extracted from the tobacco mosaic virus,
the ribosomes synthesize a protein that
is almost precisely like the protein units



PV o as T RV WA F-] DEPTH MANAGEMENT IN ACTION

POWERFUL SOUND FROM ANAHEIM

Sound systems to warn U. S. cities of attack...communica-
tions for Cape Canaveral, Hamilton Air Force Base and for Thor
Missile bases ... stereophonic sound in more than half the
theaters in the U. S. — these are just a few examples of prod-
ucts engineered and manufactured by Altec Lansing Corpora-
tion, Anaheim, California. This LTV company also produces
electro-pneumatic transducers for high intensity sound testing.
Other Altec developments include loudspeaking telephone con-
ference systems...condenser microphones...and transis-
torized repeater and termination bays used in the Air Force's
project Quick Fix. These new products — and modern facilities
such as the company’s anechoic test chamber where several

tons of glass fiber isolate outside sound environment — are a
far cry from the early experiences of Altec Lansing's President
Alvis Ward, a member of the team that produced the world’'s
first successful ‘‘talking pictures.” Throughout his career, Mr.
Ward has been a key contributor to the science of sound repro-
duction and has at the same time guided Altec Lansing to a
position of industry leadership. By combining this caliber of
management in depth with proved technical competence in
aerospace, electronics, communications and consumer prod-
ucts, LTV is furthering U. S. goals for progress, security and
national well-being.

LING-TEMCO-VOUGHT, INC._ DALLAS,TEXAS
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The single crystal — one of nature’s most beautiful geo-
metrical forms. . . . Here man is searching for materials of the
future — to find answers to many of the secrets of material
behavior. With this knowledge he will be better prepared to
design materials with vastly superior properties. .. materials
to satisfy the urgent needs of space travel and nuclear
energy . . . and the competitive demands of industrial society.

Even beyond the perfection of a single crystal, with its rows
and planes of atoms in ordered array, there is much scientific
interest in the minute imperfections in the symmetry of the
atomic lattice. These “errors” in symmetry cause precious
gems to show their beautiful colors and semiconductors to
exhibit their important electrical properties. Also, the stress-
strain behavior of a crystal is influenced, to a marked degree,
by the kind and number of these lattice imperfections. If we
can better understand the mechanisms by which these “mis-
takes” influence material properties, we may hold the key to
the synthesis of new materials — materials from which we
will fashion the tools of the future!

Laboratory investigations of single crystals require pre-
cision and ingenuity which is totally new. To assist in this
work, we at Instron build sensitive and accurate testing in-
struments suitable for a broad range of stress-strain studies.
In other fields, Instron instruments are used to study the
rheology of high polymers, the performance of refractory
metals and ceramics at high temperature or the properties of
textile materials and biological tissues, for example.

We have reprinted many technical articles describing the
work of outstanding men in this new technology of materials.
If you would like to know more about the work being done
in single crystals, or any other material, tell us your field
of interest. We will be glad to send appropriate literature.

®
ENGINEERING CORPORATION

2509 WASHINGTON ST., CANTON, MASS.

Electronic and Mechanical Engineers — If you are in-
terested in designing instrumentation for this new and fast

growing science, please send us your professional resume.
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that compose the jacket of the virus. Evi-
dently the bacterial system is able to
“read” correctly the hereditary message
embodied in the RNA of a virus that
normally functions in a totally different
biological environment, that provided
by cells of the tobacco plant.

The experiment represented a collab-
oration between Akira Tsugita and
Heinz L. Fraenkel-Conrat of the Virus
Laboratory at the University of Califor-
nia and Marshall W. Nirenberg and J.
Heinrich Matthaei of the National Insti-
tute of Arthritis and Metabolic Diseases.
Nirenberg and Matthaei were leaders in
breaking the genetic code.

Filling the Van Allen Belts

One of the chief anxieties expressed
by many scientists over the high-
altitude explosions in the current U.S.
nuclear test series concerns the disrup-
tion of the Van Allen radiation belts.
Predictions vary widely as to the time
that will be required for the belts to be
reconstituted, and no one seems to know
just how the process will take place.

As a matter of fact, the normal mech-
anism by which particles are fed into the
belts is still something of a mystery. It
is generally agreed that the particles
come from the sun, but how they get into
the belt has not yet been ascertained. In
a recent issue of Nature C. C. Chang
of the Aerospace Corporation has out-
lined a possible injection and trapping
mechanism.

Studies of the “wind” of electrically
charged particles from the sun had
shown that it compresses the earth’s
magnetic field on the “windward” side
and forms a smooth, sharply defined in-
terface between the field and particle
| stream. In effect the boundary acts like
an elastic sheet, reflecting the charged
particles that strike it. Recent mathemat-
ical analysis of the condition at the inter-
face, however, reveals two “neutral
points,” or kinks, in the surface near the
earth’s magnetic poles, where the mag-
netic field is weak. Chang proposes that
particles leak into the region of the outer
Van Allen belts through these weak
spots. Unlike the rest of the boundary,
the neutral points are not stable. They
oscillate, compressing and expanding the
geomagnetic field and adding energy to
the particles that have leaked in.

Satellite experiments, according to
Chang, seem to have confirmed the exist-
ence of the solar wind and of the sharp
boundary or interface between plasma
and magnetic field. The postulated os-
cillations of the interface have not yet
| been directly detected.
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NEW CARGO CHAMP. U. S. Air Force, flying a new Boeing
C-135B turbofan cargo-jet, recently established ten new world
cargo lift and speed records. These marks, certified by National
Aeronautics Association, included lifting 66,000 pounds to alti-
tude of 47,171 feet, and carrying same payload over 1,250-mile

SPACE VEHICLE control systems are tested
at Boeing with this satellite attitude control sim-
ulator. Optical sensor system controls attitude
through reference to light-source simulating
starlight. Other Boeing space research involves
propulsion, guidance, space vehicles and systems.

MINUTEMAN, right, is U. S. Air Force’s solid-
fuel ICBM, which will be stored in underground
blast-resistant silos ready for immediate launch.
Boeing is Minuteman weapon system integrator.
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closed course at 615.81 miles an hour. This new Boeing jet logistic
transport has a cargo capacity of 82,000 pounds, and can haul
126 troops nonstop over the longest intercontinental routes.
C-135Bs are used to fulfill the Military Air Transport Service’s
primary mission of airlifting missiles, cargo and troops worldwide.

Capability has many faces at Boeing

DASH is U. S. Navy’s Drone Anti-Submarine
Helicopter, designed to operate by remote con-
trol from a destroyer. Shown here on unmanned
test flight, DAsH, designed and built by Gyrodyne
Company of America, is powered by a 270-hp
Boeing T50 gas turbine engine. Boeing gas tur-
bines, designed for reliability and easy mainte-
nance, are used in land, sea and air applications.

BOEING
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What's new at RCA

iIs news in EDP

RCA ADDS NEW
SCIENTIFIC CAPABILITY
TO THE LOW COST,
HIGH CAPACITY 301

RCA’s 301, today’s best investment in low-cost com-
mercial EDP, is now the best buy for commercial and
scientific computer power at low cost.

TOTAL EDP CAPABILITY. The new RCA 301 gives you
total EDP capability. With this capability you get greater
efficiency for your rental dollars, can schedule time for
both technical and business assignments. Use the 301 for
all your routine EDP business accounting needs. And
use it for statistical, analytical and control problems.
Assign mathematical tasks to the new 301 and free
professional time for creative work.

MANY NEW WAYS TO USE RCA 301. Open up new possi-
bilities in your day-to-day data processing with this new
301. For instance—replace several smaller, less efficient
computers with one 301. Or—if you have conflicts with
time-sharing a large computer, give critical departments
their own 301. Or—if you have an outdated computer
that’s slowing down work, replace it with a 301. You may
well save half the cost to do the same job!

EXTENSIVE SOFTWARE COVERAGE. RCA makes avail-
able a variety of scientific sub-routines—for matrix
operations, linear programming, statistical analysis,
curve-fitting, double precision floating point, etec., plus
Scientific and Bell Interpreter systems and UMAC
(an Algebraic Compiler which employs Fortran mathe-
matical statements).

Check the specifications below and find out what the
new 301 features can do for you. Then contact RCA
Electronic Data Processing, Cherry Hill, Camden 8, N.J.

o An entire family of new fast
circuitry arithmetic instructions,
including:

fixed point

floating point

16 digit accumulator manipulation

and shifting facilities

e This new instruction format
allows the use of bit indicators for

storage of operands and for address
field modification.

o Approximately 6000 floating or
fixed point eight digit add/subtract
and 2000 floating or fixed point
multiply/divide operations per
second. (With 2 digit exponent in
floating point.)

o Three index fields for address
modification.

The Most Trusted Name
in Electronics
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INCLUSION COMPOUNDS

They are substances in which a molecular structure encloses

atoms or molecules of another kind. They are finding uses m

industry and play a role in the chemistry of the living cell

or half a century chemists specu-
Flated that certain molecular struc-

tures might enclose other structures
of suitable size and geometry. It was
not until the late 1940’s, however, that
this form of molecular architecture was
actually shown to exist. Then, as so often
happens when the time is ripe, the dis-
covery was made almost simultaneously
by several different research groups.
The combination is known as an inclu-
sion compound. By 1952 examples of
all six basic types of inclusion compound
had been found, and since then their
characteristics have been intensively
studied.

Inclusion compounds are chemical
combinations in which one component
fits into a cavity in the other. When the
size and shape of the cavity in the “host”
molecule just match the form of the
“guest,” a combination of appreciable
strength can occur. No ordinary chemi-
cal bonds between the atoms of the host
and guest are needed. In well-fitted in-
clusion structures, in which many atoms
of the host molecule are close to those
of the guest, a sizable total binding
force is provided by the interactions of
the outer electrons in the shells of the
host and guest atoms. (Such binding
forces are known as dispersion forces.)
The structural arrangements that allow
this snug “hand in glove” fitting of
molecular shapes differ from one family
of inclusion compounds to another. We
shall discuss the various families in turn.

Molecular Traps

It has been known for a century that
quinol, or hydroquinone, widely used
as a photographic developer, produces
curious “complexes” when crystallized
out of certain solutions. These com-
plexes contain one molecule of liquid
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by John F. Brown, Jr.

or gas for each three of quinol. They
are perfectly stable in the dry state
at room temperature, and have no smell
of the occluded gas, even when it is
the odoriferous hydrogen sulfide or sul-
fur dioxide. When the complex is melted
or dissolved in water, the occluded gas
is immediately evolved, showing that it
is not held by stable chemical bonds.

Between 1947 and 1950 H. M. Powell
of the University of Oxford reported
the structures of various quinol com-
plexes. He found that the host molecules
are linked by hydrogen bonds between
oxygen atoms (that is, by bonds in
which a hydrogen atom acts as a bridge
between two oxygen atoms) to form a
pair of interlocking three-dimensional
networks. The networks do not, how-
ever, completely fill the available space.
The cavities remaining are roughly
spherical and about four angstrom units
in diameter. (An angstrom is one hun-
dred-millionth of a centimeter.) Each
cavity is bounded by two circles of six
hydrogen-bonded hydroxyl groups and
by the benzene rings of six quinol mole-
cules. The guest molecules lie trapped
in these cavities [see top illustration on
page 84]. Powell suggested the apt
term “clathrate” (from the Latin word
clathratus, which means enclosed by the
bars of a grating) to describe this type
of combination.

The quinol clathrates are formed only
by molecules that can fit into the four-
angstrom cavities of the host crystal.
In addition to hydrogen sulfide, H,S,
and sulfur dioxide, SO,, these include
methyl alcohol (but not its closest chem-
ical relatives, water and ethyl alcohol);
formic acid, HCO,H (but not acetic
acid, CH3CO,H); and acetonitrile,
CH,CN (but not any other nitrile).
Decisive proof that the clathrate forma-
tion depends on molecular form rather

© 1962 SCIENTIFIC AMERICAN, INC

than on chemical bonding is indicated
by the fact that even the inert gases
argon, krypton and xenon are capable
of forming stable quinol complexes.

Quinol is by no means unique in its
ability to form inclusion compounds.
Hundreds of substances that combine in
this way with solvents are known, and
it appears that a large fraction of them
are clathrates. Various inorganic salts
can also form clathrates. An example
is the complex of nickel cyanide ammine
with benzene.

Many substances soluble in water con-
tain “water of crystallization” when
they crystallize out of solution. Called
hydrates, most of these substances are
not clathrates but contain water mole-
cules attached by the usual chemical
bonds. The substances with which water
does form true clathrates are largely
gases or low-boiling-point liquids, and
the complexes are generally known as
gas hydrates.

Such hydrates fall into two groups.
The first usually contains six guest
molecules combined with 46 water mole-
cules; the second, one guest molecule
for each 17 water molecules. The
guests in the first group are small mole-
cules such as chlorine, bromine, sulfur
dioxide, hydrogen sulfide, methane,
ethane, methyl chloride or methylene
chloride. (The chemical formulas for
these eight molecules are respectively
Cl,, Bry, SO,, H,S, CH,, C;H;, CH;Cl
and CHyCl,.) The guests in the sec-
ond group of gas hydrates are slight-
ly larger molecules, such as chloro-
form, ethyl chloride, methyl iodide, di-
fluorobromochloromethane or propane.
(The formulas are CHCl;, C,H,Cl,
CH;l, CFyBrCl and CzHg.) The gas
hydrates of both groups are simple crys-
tals with low melting points. They are
generally prepared by forcing the gas



e

INCLUSION COMPOUNDS are known in six different forms, de-
pending on the architecture of the “host” structures and the shapes
of the cavities they enclose. Clathrates (a) are produced when
“guest” molecules fit into separate spherical chambers within a
crystal lattice. Canal complexes (b) are formed when the host is
a crystal lattice having tubular cavities. Layer complexes (c¢) are

](

crystals with alternating layers of guest and host. Molecular sieves
(d) are formed by crystals that contain interconnecting cham-
bers and passageways. Intramolecular hollow space complexes
(e) are formed when the host is a large molecule containing a
concavity. Linear polymer complexes (f) are produced when guest
molecules fit into the tube formed by a pipelike host molecule.
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to dissolve in water under pressure and
then chilling the solution until it freezes.

X-ray crystallographic studies by M.
von Stackelberg and his collaborators at
the University of Bonn, by Walter F.
Claussen at the University of Illinois
and by Linus Pauling and Richard E.
Marsh at the California Institute of
Technology have shown that in these
clathrates the water molecules are linked
together, through hydrogen bonds, most-
ly in rings of five molecules rather than
the rings of six molecules typical of
ordinary ice. These five-molecule rings
are joined together to form dodecahe-
drons (12-sided figures). Since space
cannot be filled completely by any
packing arrangement of dodecahedrons,
some interstitial spaces must remain. It
is these that hold the guest molecules
[see illustration on opposite page].

One major application of gas-hydrate
formation is now under study by the
Koppers Company, Inc. It has long been
known that fresh water can be obtained
from sea water by partial freezing. The
ice crystals that form are pure water;
QUINOL COMPLEX is a clathrate. The quinol molecules (rectangles) fit together in t_he_sal.t 1'ema1ns. behind in the brlne: A
sets of six to form an interlocking network. The guest moleculesenclosed by six quinol mole- limitation of this process as a practical
cules are seen in color. The cavity holding these guests is roughly spherical and about four ~means of desalination is the cost of re-
angstrom units in diameter. No chemical bonds connect the guest molecules with their host. frigeration. This can be reduced by
creating a gas-hydrate “ice” that forms
at a higher temperature than does ordi-
nary ice. In the Koppers process propane

H O H is added to cold sea water, creating the
. [

hydrate C3Hg-17H,O, which freezes at
42 degrees Fahrenheit. The hydrate
crystals are filtered off and warmed un-
der pressure. When the crystals melt, the
| propane separates as an immiscible
f liquid, leaving pure water behind.
Very similar to the gas hydrates are
the hydrates of certain salts containing
hydrocarbon chains linked to sulfur or
nitrogen atoms. They are known tech-
nically as trialkylsulfonium and tetra-
alkylammonium salts. One example is
the compound 2 (n-C,H,) ;S'F-40H,0.
The crystal lattice formed by this sub-
stance is similar to that in the gas
hydrate containing 46 water molecules,
except that six of the water molecules
are replaced by the two ions of sulfur
and two of fluorine, and the cavities are
filled by the six hydrocarbon chains
/ ; (C4Hy) rather than by six gas molecules.
/! Another example is the hydrate with
the formula 2(i-C;H,,) {N*F76H,0.
This is a surprising substance, 68 per
cent water, that remains an ice until
heated to 88 degrees F. Proteins also
form highly hydrated crystals, contain-
QUINOL MOLECULES in a quinol complex are linked by hydrogen bonds between oxygen ing as much as 90 per cent water, or
atoms (0O). The cavities of the complex are bounded by hydroxyl groups (OH) and by the thousands of water molecules for each
benzene rings of the quinol molecules. The diagram shows three molecules and their bonds. ~ giant molecule of protein. It may well be

I
]
|
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that the protein holds these water mole-
cules in modified clathrate structures not
unlike those in the hydrates of the sulfo-
nium and ammonium salts.

Molecules in Tubes

A rather different sort of structure has
been found in the crystalline inclusion
compounds formed by urea, thiourea,
deoxycholic acid, starch and a few oth-
er substances. Here the cavities in the
host crystal consist of long tubes in
which the guest molecules lie end to
end. This type of inclusion compound
is called a canal complex. The best
known of the canal complexes are those
formed by urea; they were discovered
in 1940 by the German chemist M. F.
Bengen. The extraordinary specificity
of urea in complexing almost exclusive-
ly with straight-chain hydrocarbons and
their derivatives attracted the attention
of several research groups in the 1940’s,
and the canal-complex structure was
established at the end of the decade by

the German chemist W. Schlenk, Jr.,
and by Albert E. Smith of the Shell De-
velopment Company in the U.S.

In the urea canal complexes, the mole-
cules of urea, CO(NH,),, are held to-
gether by hydrogen bonds between the
nitrogen and oxygen atoms. The inter-
connected urea molecules are arranged
in much the same way as the wax in a
honeycomb, leaving long tubular cavi-
ties in which the guest molecules re-
side [see illustration on next pagel.
The inside diameter of the canals is
about five angstrom units, which is
just the right size to accommodate the
straight-chain hydrocarbons, the fatty
acids or derivatives of both. Any such
substance having a chain length of
more than six carbon atoms will complex
with urea at room temperature, and
some substances that are only three or
four atoms long will complex at low
temperatures.

Thiourea, CS(NH,),, the sulfur ana-
logue of urea, also forms canal com-
plexes. In these honeycombs, however,

the canal diameter is seven angstroms
instead of five because of the greater size
of the sulfur atom. The substances that
can pack into these seven-angstrom
holes, thereby forming thiourea canal
complexes, constitute a rather capricious
and unpredictable group. It includes
some of the simpler ring-shaped hydro-
carbons (cycloparaffins) as well as a
number of polymethylated and poly-

GAS HYDRATES are clathrates composed of water molecules and
molecules of a gas or a low-boiling-point liquid. The water mole-
cules link together through hydrogen bonds in rings of five. These
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rings are combined in dodecahedrons like the one at top right.
Since dodecahedrons cannot be made to pack together precisely,
cavities (color) are formed into which the guest molecules fit.
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CANAL COMPLEX is formed when guest molecules lie end to end in tubes within a crystal.
A canal complex with urea molecules as the host is shown in the drawing at top. The
guests are in color. The molecules of urea, seen in the middle drawing, are held together
by hydrogen bonds between nitrogen and oxygen atoms to form a honeycomb-like structure.
Linear hydrocarbon chains, in bottom drawing, can fit into the cavities of the honeycomb.
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chlorinated hydrocarbons—that is, hy-
drocarbons with methyl groups or chlor-
ine atoms projecting from the central
chain. But it does not include the
straight-chain, paraffin-like hydrocar-
bons that complex so well with urea.

Several dozen patents describing
practical uses of the urea and thiourea
complexes have already been issued, and
the list is growing steadily. The majority
are based on the ability of inclusion
compounds to sort out molecules on the
basis of shape and thus effect separations
of mixtures. For example, the paraffinic
constituents of lubricating oil, which
have an undesirable tendency to solidify
in cold weather, can be removed by mix-
ing the oil with urea and allowing the
urea-paraffin  complex to form. Con-
versely, many cycloparaffins (naph-
thenes and terpenes) can be separated
from gasoline stocks, or from the essen-
tial oils of plants, by treatment with
thiourea. The canal complexes have also
attracted attention as a means of storing
easily oxidized materials, such as un-
saturated fatty acids or vitamin A. While
they are held as guest molecules in canal
complexes these sensitive substances
cannot be attacked by atmospheric oxy-
gen. Other patents claim the use of urea
complexing to convert sticky, semisolid
detergents into easily handled powders,
and similar uses of thiourea complexing
to facilitate handling of chlorinated in-
secticides such as chlordane.

Although the guest molecules in a
canal complex are inaccessible to attack
by external reagents, they are still ca-
pable of reacting with each other. Sev-
eral years ago it occurred to some of us
at the General Electric Research Labora-
tory that such reactions might yield
rather unusual products, since the walls
of the canal would impose severe limita-
tions on the ways in which the reacting
molecules could approach each other.
Conceivably, in a reaction in which small
monomer molecules are linked to form a
polymer, there might be only one way
in which the reacting monomers could
join together, and this would result in
a polymer with a very orderly, or
stereospeciﬁc, structure. Investigations
in our laboratory by the author and
Dwain M. White showed that this was
indeed the case. Using brief irradiation
with a one-million-electron-volt beam of
electrons as a means of initiating poly-
merization within the canals, we were
able to polymerize such monomers as
vinyl chloride and butadiene within
their urea hosts and 2,3-dimethylbuta-
diene, 2,3-dichlorobutadiene and 1,3-
cyclohexadiene in their thiourea com-
plexes. In all these cases the polymers
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obtained were highly crystalline and had
high melting points, in sharp contrast
with normal polymers obtainable by ir-
radiation of the liquid monomers, thus
showing that stereospecific polymeri-
zation had occurred. The four-carbon
monomers joined together exclusively at
the terminal carbon atoms to produce
what are called 1,4-trans addition poly-
mers [see illustration below]. Evidently
canal complexes can act as molecular
templates, the smooth, straight holes

in a canal host giving rise to smooth,
straight molecules of polymer.
Inclusion-compound formation is by
no means restricted to crystals. Even in
cases where the cavities in the host are
built up from separate molecules, there
are often indications of host-guest rela-
tions in concentrated solutions, com-
parable to those occurring in the crystal.
For example, the formation of micelles
(aggregates of soap molecules that pro-
duce opalescence in concentrated soap
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POLYMERIZATION of the guest molecules in a urea canal complex is obtained by irradiat-
ing the inclusion compound with X rays or high-energy electrons. Since the shape of the
cavity acts as a template, the four-carbon monomers (butadiene) in drawing at left can join
only at their terminal atoms. At right is the orderly polymer (polybutadiene) thus produced.
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solutions) can be inhibited by the addi-
tion of urea, implying association of the
urea molecules with the hydrocarbon
groups of the soap. It has also been sug-
gested that the inactivation, or denatur-
ation, of proteins by strong urea solu-
tions, results from inclusion-compound
formation with the hydrocarbon groups
of the protein. Localized canal-complex
formation probably also accounts for the
action of bile in increasing the solubility
of fats in the digestive tract. One con-
stituent of bile, deoxycholic acid, is
noted for the stability of the canal com-
plexes that it forms with simple organic
molecules.

There is abundant evidence that hy-
drate-like “iceberg” layers exist around
many ions, inert gases and protein mole-
cules in aqueous solution. Recently Paul-
ing has suggested that the anesthetic
action of certain gases of low chemical
reactivity (for example, chloroform and
cyclopropane) may result from hydrate
formation. There is a remarkably close
parallel between the anesthetic activity
of these substances and the stability of
their crystalline hydrates. Xenon, which
enters into no combinations except
clathrates, is an effective anesthetic. It is
proposed that “microcrystals” of gas hy-
drate form on certain proteins in the
brain and inhibit their functioning.

The Starch-Iodine Reaction

A remarkable family of inclusion com-
pounds can be formed with iodine as the
guest substance. It has been known since
early in the 19th century that starch and
iodine form an intensely colored, blue-
black complex. That the complex is a
soluble inclusion compound of the canal
type has been known for only a decade
or so, mainly as a result of work by Karl
Freudenberg and Friedrich D. Cramer
at the University of Heidelberg and by
Dexter French and Robert E. Rundle at
Iowa State University. Their studies
show that the iodine atoms are joined to-
gether to form a long, straight polyiodide
chain and that the starch molecule,
which is a linear polymer composed of
glucose units, forms a spiral wrapping
around these chains [see top illustration
on page 90]. Neither the helical con-
figuration of the starch molecule nor the
chain of iodine atoms is stable except in
inclusion structures of this general type.
The starch helix will form, however,
around guests other than iodine, and the
iodine chain will occupy hosts other than
starch. For example, the free fatty acids
that often occur along with starch in
plants can make the starch take the
shape of a hollow helix. Moreover, sev-
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10 times more energy conversion
than any known solid state transducer

Massive force from a practical electric drive—
pre-requisite of transducer elements for modern
ultrasonic equipment. Clevite's PZT® piezoelectric
ceramics meet this design challenge —economi-
cally. They operate at a higher voltage and convert
more of it to mechanical energy than other ceram-
ics. PZT materials virtually never wear out even in
the high temperatures of ultrasoniccleaning. They
operate within a power range from microvolts to
kilovolts. Stability is maintained at temperatures
from —300°F to +500°F. They are completely un-
affected by humidity, and have extremely low
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CYLINDRICAL STRUCTURE in a starch-iodine complex results helical molecule of starch. Each turn of the helix contains six
when a polyiodide chain is enclosed in the cavity formed by a glucose units. The guest molecule is a linear chain of iodine atoms.

CRYSTAL PACKING ARRANGEMENT in a molecular iodine- molecules of cyclohexadextrin enclose separate iodine molecules.
cyclohexadextrin clathrate results when the doughnut-shaped This complex can also exist as separate molecules in solution.

TUBULAR PACKING ARRANGEMENT in an iodine-cyclohexa- the cavities of cyclohexadextrin molecules lying side by side.
dextrin complex results when polyiodide chains are enclosed in The complex can also exist as separate molecules in solution.
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eral other canal hosts, such as cyclodex-
trin, polyvinyl alcohol and barbituric
acid, can stabilize the linear polymers of
iodine.

It happens that the behavior of elec-
trons in a linear polyiodide chain resem-
bles that of the electrons in a row of met-
al atoms. Some of the electrons are free
to move back and forth along the chain;
this accounts for the intense absorption
of light by the starch-iodine complex.
The electrons are not free to move per-
pendicular to the chain, however. This
property has been utilized in the prepa-
ration of Polaroid filters for polarizing
light. In these filters a sheet of the poly-
mer polyvinyl alcohol is treated with
iodine to produce the linear polyio-
dide inclusion compound and is then
stretched to orient the iodine chains.
Such sheets will absorb the component
of light polarized parallel to the direc-
tion of stretch and allow only the com-
ponent that is polarized at right angles
to come through.

Perhaps the most striking of the solu-
ble substances that form inclusion com-
pounds are the cyclodextrins, which have
been extensively studied by Cramer. |
The cyclodextrins are rigid, doughnut-
shaped molecules formed by joining ‘
glucose units together in rings. Thus
they are the cyclic analogues of amylose
(starch), which contains the same glu-
cose units joined together in long chains.
Three cyclodextrins are known. These
contain six, seven and eight glucose
units and have internal diameters of
about six, eight and 10 angstroms re-
spectively. All three cyclodextrins com-
bine avidly with any molecule that can
fit wholly or partially into these holes.
Most of the complexes can also be crys-
tallized out of solution. In the solid state
they resemble either the clathrates or
the canal complexes. Both forms can
be obtained with the six-membered |
cyclodextrin acting as host to iodine.
The clathrate contains separate iodine
molecules (I,) and has the characteris-
tic red-brown color of ordinary iodine
solutions. The canal complex, containing |
polyiodide chains, is blue-black. |

Tailor-made Hosts

|
The applications of inclusion com- |

pounds for separating mixtures of mole-
cules of different shape, or as templates
for guiding the direction of chemical
reactions, all depend on the selectivity
of the host-guest interaction. Inclusion-
compound formation does not occur un-
less there is a fairly good match between
the guest molecule and the cavity in the
host. This selectivity imposes limitations
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“We Cut Paint Costs
and Eliminated |
One Complete Shift with
Ransburg Electro-Spray”

Plant Manager R. M. Christy, O. S.
Keene Machine Co., Inc., says, “With
four hand sprayers—on two shifts—we
formerly used 30 to 35 gallons of paint a
day to paint garnish strips for windows.

“Then we went to Ransburg No. 2 Pro- |
cess. Paint consumption dropped to 5 to
10 gallons a day—a 70 to 809, savings!

“With automatic electrostatic spray
painting, we increased production—elim-
inated the four hand sprayers—and, in-
stead of operating two shifts, turned out
the work easily in one shift.”

A uniform, high quality finish is applied
to perforated panels of commercial
shelving as the work loops around the
first of two pit-mounted Ransburg recip-
rocating disk units at O. S. Keene Ma-
chine Co., Inc., Middlebury, Ind.

Now, Keene is using two Ransburg re-
ciprocating disk units to paint perforated
commercial shelving at the rate of 500
square feet per mixed gallon. At one time,
Keene jobbed out large pieces too big to
handle on their original electrostatic line.
Later, their finishing line was modern-
ized to accommodate all sizes. Now, they
can handle work up to 10 feet in length.
And, they’re saving 559, over what they
used to pay when the work was jobbed out!

NO REASON WHY YOU CAN'T DO ITTOO!

Whatever your product—if it's painted—we'd like
to tell you more about the worthwhile savings and
benefits which can be yours with RANSBURG
ELECTROSTATIC PAINTING PROCESSES.
Write for our No. 2 Process brochure which shows
many examples of electrostatic spray painting—

both with automatic and

- manually-operated equip-
B RANSBURG FULLIS

RANSBURG

Electro-Coating Corp.
Box 23122, Indianapolis 23, Indiana
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on the widespread use of inclusion com-
pounds in these applications. Among the
simple synthetic systems only a few
dozen inclusion hosts are known, and
these cover only a narrow range of cav-
ity shapes.

One approach to the tailoring of host
cavities to any desired form was discov-
ered some years ago by Frank H. Dickey
at the California Institute of Technol-
ogy. He found that when silica gel was
formed in the presence of certain dyes
and subsequently extracted to remove
the dye, the remaining gel had a strong
and specific adsorptive capacity for the
dye that had been present during its for-
mation. Gel made in the presence of
butyl orange, (C,Hy)-NC;HN=NC;-
H,SO3Na, was a much better adsorb-
ent for that dye than for propyl orange,
(C3H-) 2NC;H N =NC3H,SO4Na, and
vice versa. Because of this selectivity in
their adsorption power, these gels were
called synthetic antibodies.

Silica gel has an irregular three-di-
mensional network structure in which
silicon atoms are connected by oxygen
atoms and occupy much the same posi-
tions with respect to one another as do
the hydrogen-bonded oxygen atoms in
water. When the silica-gel network is
still incompletely connected, it is flexible
enough to conform to the subtle differ-
ences in shape presented by different
kinds of guest molecule. After the cross-
linking of the network is complete and
the gel has been dried, the guest can
be extracted, leaving behind a phan-
tom of its shape. The synthesis of these
tailor-made hosts is in some ways just
the inverse of a canal-complex polymer-
ization. There the cavity in the complex
was used as a template for guiding the
polymerization of the guest molecules.
Here the guest molecules are used as
templates for guiding the polymeriza-
tion of the host.

Inclusion Systems in Nature

Half a century ago the German chem-
ist Emil Fischer proposed that shape-
dependent, “lock and key” interactions
might explain the extraordinary selectiv-
ity of the chemistry that takes place in
living cells. The basis for this idea can be
described as follows. Chemists had
found that when they determined the
structure of relatively simple organic
molecules, they could explain their re-
actions in terms of reactive groupings of
atoms (“functional groups”) in the
molecules. In nonbiological systems,
that is, in the chemist’s flasks, com-
pounds carrying the same functional
groups reacted very much the same way.
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Thus a reagent that combined with the
hydroxyl group in one alcohol would
generally react with all alcohols; and the
adsorbent that could remove one amine
from solution was generally capable of
adsorbing any amine. In living systems,
however, this was not the case. Each in-
dividual alcohol, amine and acid had its
own set of transformations. Evidently
something more than just the nature of
the functional groups was involved. The
only reasonable explanation was that
this extra something was the over-all
shape of the molecule. Such shape-spec-
ificity is now readily demonstrable for
a wide variety of biochemical processes
—for example, in antigen-antibody inter-
actions and in the hundreds of reactions
that are catalyzed by enzymes. If it were
not for the sensitivity to molecular shape
of these processes, living organisms
would never be able to accomplish the
task of assembling their amazingly in-
tricate molecular structures from com-
plex mixtures of small molecular frag-
ments. In order to account for this de-
pendence on molecular shape, it has
long seemed a reasonable hypothesis
that much of the chemistry of the cell
proceeds with the help of hand-in-glove-
fitted structures.

In almost all cases the host molecules
involved in these shape-dependent bio-
logical processes are proteins. Thus the
proteins probably represent by far the
largest and most important group of sub-
stances that form inclusion compounds.
Unfortunately there is still no case in
which the molecular structure of a sub-
strate-plus-protein complex has been
determined, so that the details of the
combination are still unknown. There is
a prevalent feeling, however, that weak
chemical bonds, such as hydrogen bonds
and electrostatic attractions, are probably
quite often involved, in addition to the
binding due to nonlocalized dispersion
forces that arise from the precision of the
shape-matching. In other words, the
substrate-protein complexes may have
closer synthetic analogues in the alkyl-
sulfonium and alkylammonium salt hy-
drates, where the host-guest binding re-
sults from electrostatic forces in addition
to shape-matching, than in the gas hy-
drates or urea canal complexes, where
the binding results from shape-matching
alone. In any event, the discovery and
detailed understanding of the synthetic
inclusion compounds have provided
powerful support for the hypothesis that
such lock-and-key structures can indeed
account for biochemical specificity, and
hence that inclusion structures play a
central role in the functioning of living
organisms.



Splitting atoms . .. under control

Inside a nuclear reactor, atoms are split by nuclear “bullets” or neutrons flying at 5000 miles per
hour. Vast amounts of energy are released. In many of today’s reactors, the secret of controlling
this chain reaction and putting it to work lies in a special form of carbon known as graphite.
Graphite slows down the neutrons to a working speed and keeps them within the reactor core
where they can split more atoms to generate useful heat. p» And the hotter the better, because
graphite grows even stronger at high temperatures! That’s why graphite is also used inside rocket
and missile engines to withstand the searing blast of burning fuels . . . and on nose cones and other
critical surfaces to protect against the intense heat caused by air friction. p» Under the trademark
NaTioNAL, Union Carbide has been making carbon and graphite increasingly useful to industry
for more than fifty years. It is only one example of how the people of Union Carbide are
constantly striving for a better tomorrow. UNION

A HAND IN THINGS TO COME I3 {11711 3

WRITE for booklet C-11 “The Exciting Universe of Union Carbide’’, which tells how research in the
fields of carbons, chemicals, gases, metals, plastics and nuclear energy keeps bringing new wonders into your life.
Union Carbide Corporation, 270 Park Avenue, New York 17, N.Y. In Canada, Union Carbide Canada Limited, Toronto.
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Stainless Steel
passes the difficult
test of time

61 stories over Manhattan, this gleaming stain-
less steel gargoyle was part of the first major
test of stainless steel in American architecture.

The year was 1929. Architect William Van
Alen specified stainless steel for the dome,
cornices, entrances, street floor shop windows,
and gargoyles of New York’s beautiful
Chrysler Building. Republic Steel was a major
stainless supplier.

Could stainless steel resist the combined
attack of rain, ice, snow, soot, smoke, and time?

In 1961, after 32 years, stainless was cleaned for
the first time and no corrosion or deterioration
of any kind was noted. The beauty of the original
installation was quickly and easily restored.

Use of stainless steel in architecture has grown
steadily since 1929. The metal is seen on exte-
riors in modern curtain wall panels, mullions,
spandrels, windows, and doors. Inside, plain and
textured stainless steels are observed in walls,
ceilings, column panels, elevator cabs, stairways,
and countless decorative effects.

Stainless steel offers the architect and
engineer greater resistance to corrosion, abra-
sion, scratches, and dents. Republic ENDURO®
Stainless Steels are produced in all popular
types, in widths to 72 inches, and in finishes
ranging from soft matte to mirror-bright. Call
your Republic representative or
write: Republic Steel Corporation,
Department A-4287, 1441 Republic "%, |
Building, Cleveland 1, Ohio. *af

REPUBLIC STEEL

CLEVELAND 1, OHIO
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GLOBIGERINA PACHYDERMA, a foraminifer, lives in the Arc-
tic Ocean. In this photomicrograph light from below shows details
of chambers in the shells. Magnification here is some 60 diameters.

FORAMINIFERA are the most important microfossils in the study
of earth history. Various planktonic species produced the fos-
sil shells shown here at a magnification of about 20 diameters.

DISCOASTERS, extinct perhaps a million years, are useful as DIATOMS are sometimes abundant in sediments and sometimes
guide fossils. Forms with six rays shown here lived about 40 million missing. These were illuminated by polarized light. Magnification
years ago. They are magnified approximately 1,000 diameters. is 200 diameters. Photomicrographs were made by Roman Vishniac.
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Micropaleontology

Some fossils are so small they can be identified only with the

aid of a magnifying glass or a microscope. They label sedimentary

layers and provide excellent clues to ancient changes in climate

he words “fossil” and “paleontol-
I ogy” usually evoke pictures of
dinosaurbones or other good-sized
pieces of vertebrate skeleton. This article
is concerned with micropaleontology,
which deals with fossils of entirely dif-
ferent magnitude. They are the shells, or,
more properly, the skeletons, of minute
aquatic animals. None of these micro-
fossils can be recognized without the
help of a strong magnifying glass; some
must actually be examined in the
electron microscope. Their minuteness
makes them especially useful for geo-
logical research. They can be brought
up unbroken—and in enormous numbers
—by a narrow coring pipe or even by an
oil-well drill. Found both in the ocean
floor and in dry-land formations that
were once covered by water, microfossils
have long served oil prospectors as strati-
graphic markers. More recently they
have begun to furnish important infor-
mation about processes of change in the
structure of the earth’s surface and in the
earth’s climate.

To meet the needs of the micropaleon-
tologist an organism must have charac-
teristics other than small size. First, of
course, the organism must build a skele-
ton, or some hard part durable enough
to fossilize under normal conditions of
sedimentation. The fossils in a group
should be distinguished as to genus and
preferably species. This implies some
complexity of organization. Species that
flourished during the shortest periods of
time, and over the greatest geographical
area, are the best geological indicators.
They make it possible to differentiate
sharply among layers of sedimentary
rock of different age and to match strata
in widely separated parts of the earth.

In order to obtain evidence of past
climate and other environmental condi-
tions the investigator must think of fos-
sils as once living animals with special-

by David B. Ericson and Goesta Wollin

ized adaptations to their particular sur-
roundings. He then tries to reconstruct
those surroundings by analogy with the
ecological requirements of near relatives
of the ancient organisms that are alive
today. As might be expected, the method
becomes more difficult as the evolu-
tionary distance between fossils and liv-
ing organisms increases. A paleoecologist
must be a good detective and find mean-
ing in all sorts of apparently trivial and
irrelevant observations. Certain poten-
tially useful microfossils are just begin-
ning to attract serious study. Previously
they were ignored because they are so
very small. The coccoliths, disk-shaped
plates of calcium carbonate, are one
example. They are planktonic, which
means that the ocean currents in which
they float have carried them to many
quarters of the globe and that they have
been settling to the bottom for some
500 million years. One cubic centimeter
of sediment can contain 800 million of
them; they must be enlarged 800 diam-
eters to be seen at all. Because they were
found in the topmost layer of sediment
on the ocean floor, it was realized that
the organism depositing them must be
extant. For a long time what the organ-
ism was remained a mystery; the finest
collecting nets could not catch it. Even-
tually it was located not in a man-made
trap but in the filtering apparatus of the
common marine animal called Salpa.
Recently the electron microscope has re-
vealed that coccoliths possess an aston-
ishingly complex structure. When they
have been more thoroughly described
and classified, they should be helpful in
correlating sedimentary strata from con-
tinent to continent as well as in the
oceans.

Another group of tiny organisms, now
extinct, were the star-shaped discoasters.
A little larger than coccoliths, their
world-wide distribution in deeper sedi-
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ments suggests that they too were plank-
tonic. Although known for almost 100
years, they have not been applied in
stratigraphy because of the mistaken
notion that all known species lived con-
tinuously from 60 million years ago to
the time of their disappearance. In real-
ity they evolved fairly rapidly, and some
species make excellent guide fossils. The
earliest discoaster stars had as many as
24 rays, or points. By 20 million years
ago the number of rays had declined to
six, and the last forms had only five slen-
der rays. The exact time of their ex-
tinction is unknown, but if, as is sus-
pected, it was just before the Pleistocene
(the geological period of the last ice
age), five-rayed discoasters will occupy
an important position as reliable indi-
cators for this important boundary in
geologic time.

In their day-to-day work micropaleon-

- tologists deal chiefly with diatoms,
radiolaria, conodonts, ostracodes and
foraminifera. All of these except the
diatoms are large enough to be studied
in a low-power microscope at a magni-
fication of between 30 and 100 diam-
eters—an important consideration when
hundreds of samples must be examined
each day, as is the practice in some oil-
company laboratories.

Among the microfossils the diatoms
and the radiolaria compete for the first
place in beauty. Both secrete shells of
opal (silica combined with some water) .
In the lacy skeletons of radiolaria the
opal looks like clear spun glass; in diatom
shells it takes on a jewel-like quality,
often displaying a many-colored fire that
must be seen to be appreciated. Many
species of diatoms live exclusively in
fresh water, whereas all radiolaria live
in salt water. In consequence diatom
fossils are somewhat more informative;
from the species found in a sedimentary
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layer it is usually possible to tell whether
the sediment was formed in a lake or in
the sea. There are a great many species
of diatoms and radiolaria; diatoms can
occur locally in such fantastic numbers
that they produce fairly thick layers of
sediment, known as diatomite, consist-
ing almost entirely of their fossils. The
opal skeletons of both diatoms and

60°
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radiolaria, however, tend to dissolve in
water, and they cannot be counted on
to show up in a particular region. Often
they are missing from just those places
where an index fossil is most needed.
Conodonts are small tooth-shaped or
platelike objects with one or more points.
Like vertebrate teeth, they are made
of calcium phosphate. Although many

“genera” and “species” have been de-

scribed since they were discovered more

than a century ago, no one knows what
kind of animal produced them. What-
ever it was, it became extinct some 240
million years ago during the Triassic
period. The variation in the form of
conodonts from level to level in older
sediments makes them particularly use-
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COILING DIRECTIONS of living Globorotalia truncatulinoides,
a planktonic foraminifer, define three provinces in the Atlantic
Ocean. Most of the spiral-shaped shells of this species found on
the sea floor coil to the left in the gray region and to the right
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in the colored areas. The dots mark sites where cores have been
taken. The letters and numbers identify the cores diagramed on the
following pages. Core V 9-11, brought up just south of the Equator,
Pleistocene record back at least 600,000 years.



ful to the petroleum geologist. Because
of their small size they often come up
undamaged in rock cuttings from oil
wells or exploratory holes.

The ostracodes present no mysteries.
These odd little relatives of crabs and
lobsters are very much alive today and
flourish wherever there is enough water,
whether it is fresh, brackish or salty.

They are the only crustaceans that have
two valves, or shells, which makes them
look like tiny clams. The valves vary in
length from half a millimeter (a fiftieth
of an inch) to three or four millimeters.
They first appear in the geological
column in sediments deposited at least
450 million years ago in the Cam-
brian period of the early Paleozoic era.

In the course of evolution the shells have
varied greatly in shape and ornamenta-
tion, and many species have lived only
for short intervals of geologic time.
Knowledge of the present distribution of
living genera in open salt water, sounds,
estuaries, lagoons and lakes helps in
analyzing past conditions when similar
genera show up in ancient sediments.
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CHANGES IN COILING DIRECTION of Globorotalia truncatuli-
noides with depth in cores make it possible to correlate cores from
different locations. The correlation is readily apparent in the three
cores A 180-72, =73 and -74. Cores A 180-39 and R 5-54 also show
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CLIMATE CURVES are based on relative number of warm- and
cold-water forms of planktonic foraminifera found in each of six
deep-sea sediment cores. “Warm” and “Cold” indicate warm and
cold climates compared with present-day climate, which is vertical

correlation. Samples of shells were studied every 10 centimeters
or so from top of cores to bottom. Variation in each diagram is
from 100 per cent left-coiling at left to equal ratio in the middle to
100 per cent right-coiling at right. The older shells are deeper.
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line in center of each diagram. Thin lines connect faunal changes
believed to have occurred at the same time in the various locations.
Obviously rates of sedimentation have differed widely. Such curves
provide the data for establishing a chronology of the ice ages.
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RADIOLARIA produce lacy skeleton that looks like clear spun OSTRACODES are related to crabs and lobsters but have two
glass. It is made of opal, which tends to dissolve in water. valves, or shells, that closely resemble shells of tiny clams.

GLOBIGERINA BULLOIDES is found in cool to cold water. This GLOBIGERINA INFLATA is a cool-water form found in middle

and forms that follow are all species of planktonic foraminifera. latitudes. It occurs only in sediments of the Pleistocene epoch.

GLOBOROTALIA MENARDII is found in waters of mid-latitudes GLOBIGERINA PACHYDERMA is a climate indicator for north-
and tropics. All Pleistocene forms of this species coiled to left. ern seas. Shells on this page are enlarged 60 to 120 diameters.
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The ostracodes have only one drawback:
they are not nearly so numerous as the
universal favorites among microfossils,
the foraminifera.

The very popularity of foraminifera

greatly enhances their usefulness.
Over the years a mountain of informa-
tion of all sorts has accumulated, and
most of it is readily available. Descrip-
tions of genera and species have been
brought together in an enormous cata-
logue published by the American Mu-
seum of Natural History, which now
includes 69 volumes and is growing
constantly as descriptions of new spe-
cies are added.

The foraminifera are protozoa, or sin-
gle-celled animals, that build tests
(shells) of various materials. On the
basis of the mode of construction the
animals are divided into two large
groups. Calcareous species construct
tests of calcium carbonate precipitated
directly from sea water; arenaceous spe-
cies build their shells of sand grains,
flakes of mica, sponge spicules or even
small discarded calcareous tests of other
species, any of which they can cement
together with secretions of calcium car-
bonate or iron salts. The size of the shell
varies widely with the species. Some
long-extinct giant foraminifera exceeded
15 centimeters (six inches) in diameter.
The majority of fossil foraminifera range
from .2 millimeter to two millimeters.

The architectural unit of the test is
the chamber. A few species have only
one chamber, but most build anywhere
from two to several hundred. On this
basic principle of structure the forami-
nifera improvise endlessly. To duplicate
all the strangely shaped chambers and
their intricate arrangements would tax
the ingenuity of a topologist. Geometric
versatility has made possible all the
thousands of different species that have
come and gone during the past 500 mil-
lion years.

Almost all the foraminifera species live
on the ocean bottom. Although some at-
tach themselves permanently to rocks,
most of them potter along at a few milli-
meters per hour, pushing themselves by
means of pseudopodia extruded through
minute pores in the shells. Clearly this
way of life does not make for wide dis-
tribution. Beginning some 100 million
years ago in the Upper Cretaceous peri-
od, however, a few types became plank-
tonic. Although they constitute only
about 1 per cent of the known species,
the enormous volume of living space
open to them has permitted great prolif-
eration: individuals of the planktonic
forms make up almost 99 per cent of the

fossils found in ocean sediments. In
some places accumulation of the shells
has produced thick deposits of chalk.
The white cliffs of Dover and Normandy
are such deposits, now uplifted and
partly eroded. Today large areas of the
bottom of all the oceans are receiving a
slow but constant rain of discarded tests
of planktonic foraminifera, which make
up on the average 30 to 50 per cent of all
bottom sediments.

Shells of the important planktonic
species have fairly simple forms. The
dominant theme is a series of chambers
arranged in a spiral. As the animal grows
it adds chambers of steadily increasing
size. In most species the general form
resembles that of a small shell. Like
snail shells, some tests coil to the left and
others coil to the right, the two kinds be-
ing mirror images of each other.

Because of the rapid succession of dis-
tinctive species throughout successive
geological ages, foraminifera are ideally
suited to the needs of the petroleum

geologist, who must deal with many
kinds of thick sedimentary rocks, some of
them heavily folded and faulted. If one
were asked to invent a class of ideal fos-
sils for identifying and matching strata,
it would be hard to improve on the
foraminifera. It is small wonder that
most of the hundreds of paleontologists
working for oil companies devote full
time to the study of these microfossils.

I‘oraminifera are a good deal more than

tags for sedimentary rocks. To work-
ers in pure geology, and particularly
to those in the hybrid branch known as
marine geology, they furnish invaluable
keys to the remote past. So many sam-
ples of ocean sediment have been ex-
amined by now and their microfossils
classified that it is possible to chart the
approximate distribution of the most
common species of planktonic fora-
minifera. The charts show that some spe-
cies live only in low latitudes, others are
most abundant in middle latitudes and

LEFT- AND RIGHT-COILING SHELLS of Globorotalia truncatulinoides appear at left

and right respectively. Coiling direction is apparently associated with climatic conditions.
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still others live in high latitudes. (One
species, Globigerina pachyderma, ranges
up to the North Pole.) Evidently water
temperature plays an important part in
the distribution of the various species.

If so, the animals must live near the
surface; only there does the temperature
vary significantly with latitude. The fact
that living foraminifera are caught in
plankton nets towed through the photic
zone (the sunlit top 100 meters of the
ocean) seems to bear this out. But the
surface samples long presented some-
thing of a problem. Their shells are thin-
walled and transparent, whereas shells
of the same species taken from the bot-
tom are almost all heavily encrusted with
calcium carbonate or calcite.

Until recently it was supposed that

the material precipitates on the empty
tests after they settle to the bottom. This
hypothesis had fatal flaws, however.
For one thing, oceanographers generally
agree that at depths of several thousand
meters in the ocean calcium carbonate
dissolves far more rapidly than it pre-
cipitates. Our laboratory at the Lamont
Geological Observatory of Columbia
University finally undertook a close ex-
amination of the distribution of calcite
on individual shells, which furnished the
clue to the correct explanation. We dis-
covered that calcite is thickest on the
earliest formed chambers and diminishes
steadily in the chambers farther out on
the growth spiral. This can only mean
that the living foraminifera precipitate
the calcite and that the thin-walled spec-

CLIMATE AND COILING DIRECTION of Globigerina pachy-
derma seem to be closely correlated in northernmost Atlantic and
adjacent seas. Right-coiling of living pachyderma (colored area
on map) is associated with warmer water, left-coiling (gray area
on map) with coldest water. Position of the isotherm marking an
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imens in the photic zone are immature.

Recently Allan W. H. Bé of Lamont
has caught heavily encrusted tests con-
taining living foraminifera by towing
plankton nets at depths of more than
500 meters. They provide the final
proof that at least some species mature
and reproduce well below the photic
zone. Evidently the embryos rise to the
photic zone, fatten on diatoms and other
photosynthetic organisms there and then
sink to a lower level, where they com-
plete their life cycle. The pattern does
not conflict with the idea that tempera-
ture variations in the upper layers of
water determine the geographical dis-
tribution of various species; each in-
dividual passes a critical period of its
life in the photic zone. On the other
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hand, it suggests a possible explanation
for a rather puzzling distribution of the
species Globorotalia menardii. Fossils
of this group are extremely abundant in
sediments south and southwest of the
Canary Islands, whereas they are entire-
ly absent from the region to the north
and northeast. Yet the Canaries current
flows southwestward through the area
and would sweep all G. menardii out of
the region south of the islands if they
spent their entire lives in the photic
zone. We believe that the animals sink
below the Canaries current as they ap-
proach maturity and enter a deep coun-
tercurrent that returns them and the new
generation of embryos to the northeast.
As yet no one has attempted to detect
the countercurrent directly, but mathe-
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show (left curve) relative percentages of
left- and right-coiling G. pachyderma at 10-
centimeter intervals in core R 9-7,and abun-
dance of cold and warm forms of all other
planktonic foraminifera in core (right).

matical analysis of deep circulation in
the Atlantic suggests it should be there.

rl‘he discovery that foraminifera live
part of their lives deeper than 500
meters has an important bearing on re-
cent attempts to estimate ancient water
temperatures from measurements of Ooxy-
gen isotopes in fossil shells. The tech-
nique is based on the fact that in warmer
waters there is a slight preponderance
of heavier isotopes in the shells and in
cooler waters a slight preponderance of
lighter isotopes. If the relative abun-
dance of the isotopes is to be significant,
the depth at which the shells incorpo-
rated their oxygen must be known. Deep
waters at every latitude are quite cold.
Since warm-water and cold-water
species have not changed greatly in the
past million years or so, the micropaleon-
tologist can use the fossils to obtain a
quite objective picture of changing
climatic conditions during the period.
Cores of sediment from ocean bottoms
furnish a continuous record of geological
and climatic events in contrast with the
garbled record available from the dis-
torted layers of rock on dry land. From
our study of planktonic foraminifera in
more than 1,000 cores in our laboratory,
we feel that we have been able to arrive
at the first accurate set of dates for the
most recent glacial and interglacial pe-
riods. Carbon-14 analysis of the fossils
shows that the last ice age ended 11,000
years ago instead of 20,000 years ago,
as had previously been thought. The
new date, now generally accepted, may
change some ideas about the rate of
human evolution. Judging from the av-
erage rate of sedimentation, the last
part of the last glaciation began approxi-
mately 60,000 years ago, after an inter-
stadial period (an interglacial of short
duration) of 30,000 years [see illustra-
tion on next page]. The preceding glacial
period lasted only 20,000 years, where-
as the interglacial before it appears to
have gone on for 110,000 years. This is
as far back as reliable core data go, al-
though a single core from the equatorial
Atlantic appears to carry the Pleistocene
record back at least 600,000 years.
Since the last glaciation ended 11,000
years ago, and since the minimum inter-
glacial period seems to have been 30,000
years, it would seem that man can look
forward to at least 20,000 more years of
the present mild climate, if not to even
warmer weather. If a warmer climate
should melt the glaciers that remain to-
day, the sea level would rise, but prob-
ably no more than 10 meters or so. This
would be a considerable nuisance—it
would put much of New York City under

© 1962 SCIENTIFIC AMERICAN, INC

DEEP-SEA CORES represent a vertical cross
section of ocean-bottom sediments. These
are small parts of cores A 180-72 (left) and

A 180-73 (right). Sometimes layers are
quite apparent in cores; at other times no
layers can be seen with the naked eye, but
the microscope reveals sharp changes in the
fossil contents of the undersea sediments.
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Laboratories, Leesona Corporation)

We know it’s not so, but it sometimes
looks like fuel cells were invented to
show off the unique properties of the
platinum group metals. Catalytic ac-
tivity, electrical conductivity, extreme
corrosion resistance, high melting
point:all these properties are available
here to the fuel cell designer.

One often overlooked but intriguing
quality is the synergistic effect that
one member of the platinum group has
on the catalytic activity of another.
For example, platinum-iridium, as an
alloy, results in catalytic activity
greater than with either metal alone.

If you’re looking for effective fuel
cell electrodes, don’t overlook the
noble metals or BISHOP’s century- |
old know-how and abilities in the pro- |
duction and fabrication of metals and
metal alloys of the platinum group.
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water, for example—but it would hardly
threaten the existence of mankind.
Arriving at accurate dates for the late
Pleistocene would have been far easier
if it were true, as geologists formerly be-
lieved, that marine sediments accumu-
late everywhere at the rate of one centi-
meter per 1,000 years. Then each sample
core would represent the same time
scale. Our studies of hundreds of cores
show that the rate of accumulation can
be that slow, but in many places it is as
much as 50, 100 and even 250 centi-
meters in 1,000 years, depending largely
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on the underwater topography. “Turbid-
ity” currents, consisting of silt-laden wa-
ter denser than surrounding water, fre-
quently run down even gentle ocean-
bottom slopes, depositing several meters
of mud in a few hours in some places; in
other places they may scour away sedi-
ments accumulated over thousands of
years [see “The Origin of Submarine
Canyons,” by Bruce C. Heezen; Sciex-
TIFIC AMERICAN, August, 1956]. An-
other phenomenon responsible for large
variations is slumping, in which the
sediments simply slide away down a
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CHRONOLOGY FOR LATE PLEISTOCENE (right) is drawn from micropaleontological

studies of planktonic foraminifera in 108 deep-sea sediment cores and on extrapolations of

the rate of sedimentation from 37 carbon-14 dates in 11 of the cores.

The authors con-

sider this the most accurate timetable available for the past 240,000 years. Present-day

| climate is at center line of diagrams. The average-thickness curve (left) shows greater

rate of sedimentation during glaciations than during interglacial or interstadial periods.

This is caused by lowering of seas, which exposes continental shelf. Rivers thus carry
material from continents out to edge of shelf and dump land sediments into deep sea,
whereas in warmer times sea is higher and continental sediments are deposited on shelf.
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steep slope. The removal of upper layers
of sediments by these processes is not all
bad, however; it has brought 100-mil-
lion-year-old fossils near enough to the
sea floor to be reached by our coring
tubes. So far we have not brought up
a core in which the entire upper part
of the Pleistocene record has been re-
moved, leaving the older ice-age sedi-
ments intact. Several cores of this type,
or longer cores from places already sam-
pled, would carry our time scale back
to the beginnings of human evolution.

The coiling direction of shells of

- Globorotalia truncatulinoides is prov-
ing extremely useful in matching sedi-
ments from various locations. In our lab-
oratory we have discovered that the ratio
between right-coiling and left-coiling
shells varies from place to place in such
a way as to define three distinct geo-
graphical provinces in the North Atlan-
tic [see upper illustration on page 99].
Carbon-14 dating of samples from cores
shows that the present pattern of dis-
tribution has persisted for about 10,000
years. Evidently some environmental
factor has maintained the pattern in
spite of the mixing effect of general
ocean circulation. Going back in time
by determining coiling ratios in fossil
samples taken every 10 centimeters in
cores, we find that the pattern of dis-
tribution changed rather suddenly from
time to time during the late Pleistocene,
presumably in response to changing cur-
rents or shifting water masses. Although
we cannot yet say just what the changes
were, we can match layers in different
cores by means of the coiling-direction
ratios. Petroleum geologists in Europe
and India have applied this same method

to other species to match strata pene-
trated by oil wells.

In the case of Globigerina pachyder-
ma, the dominant direction of coiling fol-
lows closely the temperature of surface
water in the northernmost Atlantic.
Again we find evidence of shifts in the
boundary between the left-coiling (cold
water) and right-coiling (warm water)
populations. Here we believe the shifts
were determined directly by tempera-
ture changes in the late Pleistocene [see
illustration on pages 102 and 103]. The
coiling changes in a typical core show
a period of cold climate preceded by a
time of mild climate during which right-
coiling was as strongly dominant as it is
today. In this lower zone of the core and
at the top of the core we find abundant
fossils of various other warm-water spe-
cies; these are absent in the intervening
zone of left-coiling. (A direct causal
relation between coiling direction and
temperature is hardly conceivable. If
both the direction of coiling and the
temperature tolerance are determined
genetically, the two characteristics may
be associated because their genes are
linked.)

Such changes in coiling direction of
Globigerina pachyderma at lower levels
in sediment cores provide insight into
oceanographic conditions in the North
Atlantic during the late Pleistocene. For
example, left-coiling dominates from top
to bottom of all cores taken in the area
of present-day left-coiling. This indicates
that the inflow of relatively warm Atlan-
tic water into the Norwegian Sea was
never greater in the late Pleistocene
than it is today. Again, the change to
left-coiling directly below the tops of
cores in the area of present-day right-

coiling implies that the inflow of warm
Atlantic water decreased during the last
glaciation. As yet we cannot tell whether
this resulted from a decrease in energy
of the general circulation of the North
Atlantic or from the lower sea level that
accompanied the glaciations. The latter
would make the submarine ridge between
Iceland and Scotland a more effective
barrier to influx. We hope that firther
study of the foraminifera in sediment
cores will answer this and similar ques-
tions. Since ocean circulation, particular-
ly that of the North Atlantic, must have
had a powerful influence on Pleistocene
climates, a better understanding of this
circulation may yet provide the basis
for a satisfactory theory of the cause of
ice ages.

Finally, our microfossil studies have
thrown new light on the origin of the
Atlantic Ocean. No cores from any ocean
have yielded fossils older than the late
Cretaceous period, about 100 million
years ago. It is particularly suggestive
that the rather thorough sampling of the
bottom of the Atlantic during the past
15 years has yielded no older fossils.
Can we conclude from this that the At-
lantic basin came into existence in its
present form at some time during the
Cretaceous period? To admit this possi-
bility is to question the widely held be-
lief in the permanence of continents and
ocean basins. For a definitive answer
we shall probably have to wait until
samples have been raised from one or
more deep borings in the Atlantic. In the
meantime the accumulating evidence
suggests that a drastic reorganization
of that part of the earth’s surface now
occupied by the ocean basins took place
about 100 million years ago.

CROSS SECTION OF OIL POOL shows “slim holes,” or explora-
tory bore holes (vertical lines), passing through a series of nearly
horizontal sediments and into folded, faulted and partly eroded
beds of an earlier era. Two beds of same dark gray tone are
both shale, which is likely to lie over oil. Microfossils from bot-

106

© 1962 SCIENTIFIC AMERICAN, INC

toms of slim holes show relative ages of beds and thereby reveal
existence of fold and fault. The deeper shale bed is of course
much older. Although slim holes have not struck oil, they have
shown presence of a dome that in this case contains oil, as well as
the fault that has moved part of the oil-bearing stratum upward.
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WILL YOUR NEXT CAR HAVE A TRANSAXLE?

The big floor hump that hides the transmission
unit in most automobiles may be on the way out!
Already two 1962 models from Detroit have
done this by moving the transmission back—
combining it with the rear axle into one, compact,

space-saving unit called the transaxle.

The result is a much flatter floor, more leg room,
and a real improvement in weight balance
between front and rear wheels.

And, in step with this engineering improvement,
Celanese has developed a synthetic fluid
designed to make the transaxle an even greater
boon to the motorist. it can take over the job
that now requires two separate fluids—providing
smooth power flow for the transmission and
lubricating the rear axle as well.

This remarkable synthetic fluid is the result of
advanced jet engine lubrication research at

Celanese. Since it contains no natural petroleum
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oils, regular changes are no longer necessary.

[ts development represents a major breakthrough
in the technology of functional fluids.

Celanese accomplishments in this area of
chemical science are responsible for a broad
range of products—from fire-resistant hydraulic
fluids to space age lubricants and cutting

oils. They are part of the Celanese program of
research in organic and polymer chemistry

that is helping to create improvements in
thousands of products that add comfort and
convenience to modern living.

Celanese Corporation of America,

B292 Fifth Avenue, New York 36, N.Y. Celanese®
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Sing]e-stranded DNA

The molecule of the hereditary material deoxyribonucleic acid (DNA)

normally consists of two interwoven strands. The discovery of a form

with only one strand promises to clarify how the molecule replicates

ntil 1953 most geneticists be-
I lieved that the molecule of
deoxyribonucleic acid (DNA),
the hereditary material of cells and most
viruses, consisted of a single strand of
repeating units. In that year James D.
Watson and F. H. C. Crick made a fresh
analysis of the available information
about DNA and proposed that the mole-
cule is a two-stranded structure. They
suggested that the strands wind around
each other in a double helix and that
each strand is the molecular complement
of the other. In addition to fitting the
observed facts about DNA structure,
which were derived largely from X-ray
diffraction studies, the Watson-Crick
model had the great virtue of indicating
how each strand could direct the repli-
cation of a complementary strand; in
this way the two-stranded parent could
produce two identical two-stranded
daughters. The model satisfactorily met
the tests to which it was put and before
long was widely accepted.

Therefore to come suddenly on a virus
that evidently has as its genetic mate-
rial a single-stranded form of DNA is
about as unexpected as it would be to
find a unicorn in the ruminant section
of the zoo. The first reaction is disbelief.
Consequently a considerable body of
evidence had to be accumulated before
one could say with confidence that a sin-
gle-stranded DNA had been found.

This strange DNA first turned up in
our laboratory at the California Institute
of Technology in 1958. We had been
collecting small viruses in order to study
their physicochemical characteristics.
We hoped that basic features of virus in-
fectivity and replication could be ob-
served more clearly in small structures
than they could in larger ones. Our col-
lection of small viruses included ¢X174,
a minute bacterial virus first isolated in
Francesome 25yearsago. The Greekphi

by Robert L. Sinsheimer

as a prefix identifies the virus as a phage
(short for bacteriophage); X indicates
that it belongs to Subgroup 10; 174 is
simply a serial number.

The ¢X174 virus preys on the colon
bacillus (Escherichia coli). Within less
than 20 minutes after infecting a bac-
terial cell, the virus brings about the re-
production of hundreds of its kind, de-
stroying its host in the process. The host
lyses (breaks open) and sets the newly
formed viruses free.

The ¢X174 virus is comparable in size
to the smaller animal and plant viruses,
such as poliomyelitis virus or the virus
of the Southern bean mosaic disease.
These latter viruses, however, contain
ribonucleic acid (RNA) as their genetic
component rather than DNA. Although
the two nucleic acids RNA and DNA
bear a family resemblance, they are dis-
tinctively different substances. From the
evidence to date virus RNA is always
single-stranded, and in this respect it is
closer to the single-stranded DNA of
¢X174 than to normal DNA. The ¢X174
virus is roughly spherical, has a diameter
of about 25 millimicrons (a millimicron
is a billionth of a meter) and a weight
about six million times that of the hydro-
gen atom. The DNA in ¢X174 consti-
tutes about a fourth of this total weight.
In electron micrographs made in our
laboratory and by Cecil E. Hall and
Elizabeth C. Maclean at the Massachu-
setts Institute of Technology, ¢X174 ap-
pears to be built up of 12 identical knobs
arranged symmetrically as if on the faces
of a dodecahedron [see illustration on
next page]. Hall has proposed that each
knob is in turn made up of five identical
subunits that are composed chiefly of
protein.

Let me go back now and trace the
steps that led us to conclude that the
DNA of X174 must be single-stranded.
To begin with, chemical tests estab-
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lished that the nucleic acid fraction of
the virus was DNA and not RNA. This
was not surprising, because at that time
all bacterial viruses were believed to
contain DNA. Since then at least one has
been discovered that contains RNA. We
were perplexed, however, when other
tests showed that the DNA of ¢X174
differed in surprising ways from the
normal two-stranded form. For example,
the ultraviolet absorption of normal
DNA is almost constant over a tempera-
ture range from zero to 80 degrees centi-
grade. Then, just above 80 degrees,
which is the critical melting temperature
for two-stranded DNA, the ultraviolet
absorption rises abruptly. In contrast,
the ultraviolet absorption of X174 DNA
begins to rise at 20 degrees and increases
steadily until the temperature reaches
about 90 degrees [see upper illustration
on page 112].

We next subjected the X DNA to the
action of various chemicals. We found
that a certain enzyme readily at-
tacks the chemical bonds of this DNA,
breaking it up into fragments of low
molecular weight. Normal DNA resists
the action of the enzyme for a consider-
able period, before gradual breakdown is
observed.

Normal DNA also resists the action of
formaldehyde. In X DNA sites reactive
to formaldehyde are evidently exposed,
and the result of the reaction can be
followed by measuring changes in the
extent to which the treated molecule ab-
sorbs ultraviolet radiation. It was im-
portant to be sure that this reaction with
formaldehyde was not some artifact of
the process of extracting the DNA from
the virus. Fortunately we were able to
show that the same changes in ultravio-
let absorption take place when the intact
virus is treated with formaldehyde [see
lower illustration on page 112].

The strongest evidence that the DNA
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TWO-STRANDED DNA, consisting of two intertwined helices, is
the normal form of the gene-bearing molecule, according to the

in X174 is not double-stranded is found
in its chemical composition. Like normal
DNA, the DNA of ¢X174 is a chain of
three kinds of subunits: (1) phosphate,
(2) deoxyribose (a sugar whose mole-
cule contains five carbon atoms) and
(3) any one of four “bases”: adenine,
thymine, guanine and cytosine. One of
the important clues to the two-stranded
structure of normal DNA is that the
number of adenine units always equals
the number of thymine units and the
number of guanine units always equals
the number of cytosine units. In the
model proposed by Watson and Crick,
wherever adenine occurs in one strand
of the molecule it is paired with thymine
in the complementary strand; similarly,
guanine is paired with cytosine. The
DNA in ¢X174 fails to show this equiv-
alence. It contains adenine, thymine,
guanine and cytosine in the ratio of 1 to
1.33 to .98 to .75 respectively. The sim-
plest explanation consistent with this
finding, and with the other distinctive
properties of the molecule, is that the
DNA is single-stranded.

Recent studies have revealed a second
remarkable feature of this DNA.
Not only is it single-stranded but also the
single strand is closed on itself in the
form of a ring. A ring structure was first
suspected when we undertook to break
down the molecule with enzymes in or-
der to identify the bases at its ends. No
ends could be found.

More positive evidence has come from
making ¢X DNA sediment out of solu-
tion by spinning it at high speed in
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an ultracentrifuge. In such experiments
measures must be taken to prevent parts
of the DNA molecule from reacting with
other parts and thereby creating folded
molecules with different sedimentation
rates. Even when this precaution was
taken, we found that most prepara-
tions of X DNA separated into two
sharply defined fractions. Moreover, we
found that only the DNA in the frac-
tion that sedimented faster was capable
of infecting specially treated cells. (The
method of measuring this capability will
be described later.)

The ring-structure hypothesis led to
the idea that the faster sedimenting

model proposed by James D. Watson and F. H. C. Crick in 1953.
Each strand consists of phosphate units (dark color) and deoxyri-

component might represent an active
ring-shaped molecule, whereas the slow-
er moving component might be an
opened-ring form that had lost its activ-
ity. To test this idea we treated the ¢X
DNA for various lengths of time with
tiny amounts of an enzyme known to
cleave DNA. We found that a single

MODEL OF ¢gX174 (left), the bacterial virus containing single-stranded DNA, is inferred
from electron micrographs such as the one at right made at the Massachusetts Institute
of Technology by Elizabeth C. Maclean and Cecil E. Hall. The apparent smoothness of
the 12 spheres forming the virus is probably an artifact of metal-shadowing technique
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bose units (light color) in alternating sequence. Strands are cross-
tied by bases: adenine paired with thymine or guanine with cyto-

cleavage of a DNA molecule destroyed
its infectivity, and that an amount of
DNA corresponding to the loss in infec-
tivity was thereby transferred from the
faster sedimenting fraction to the slower
sedimenting fraction. On further treat-
ment with the enzyme, DNA disap-
peared from the second fraction into

used in electron micrography.
Spheres consist of protein mole-
cules. In electron micrograph vi-
ruses are enlarged 180,000 times.

fragments that sediment at various rates.

The ring shape must be of peculiar
importance in the replication of this
unusual DNA, but its full signifi-
cance is still obscure. It should be em-
phasized that we do not know whether
the DNA molecule alone forms a closed
ring or whether it is held together
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sine. Thymine and cytosine are shown dark gray. The particular se-
quence of bases establishes the genetic code in the DNA molecule.

by a coupling of some other substance.

In other recent studies we have sought
to exploit the unusual features of X174
and its nucleic acid and to explore some
of the many questions posed by its dis-
covery. Each ¢X virus contains only
one molecule of DNA. Accepting the
current doctrine that nucleic acid is

STRANDS OF DNA extruded from particles of $X174 appear in electron micrograph made by Mac-
lean and Hall. Extrusion is induced by heat or by action of certain chemicals, for example urea. Each
particle extrudes only a single strand, but its length can vary widely, apparently because extrusion is
seldom complete. Fully stretched out, a DNA strand is about 150 times the diameter of the virus itself.



the sole hereditary material of a cell or
virus, we felt that it should be possible
to initiate the virus infection of a bac-
terium with this DNA molecule alone. It
has been known for some 10 years that
the protein of a bacterial virus remains
outside the bacterial cell after it has ac-

complished its mission of breaching the
cell wall. Our problem, therefore, was
to get the X DNA into its bacterial host
without the help of the ¢X protein.

This was achieved by treating the
bacteria with enzymes that dissolved
part of the cell wall. Cells so treated are
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stranded. Bottom curve shows ultraviolet absorption of untreated ¢X DNA. Middle curve is
after exposure to formaldehyde for 36 minutes; top curve is absorption after 6 to 18 hours.
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called bacterial protoplasts. They as-
sume a rounded form and will burst in
an ordinary culture medium because of
excessive internal pressure. They can,
however, be maintained intact for sev-
eral hours in a special salt solution and
under these conditions will continue to
carry out their normal metabolic proc-
esses at a high rate, although they will
not divide.

A fraction of such protoplasts become
sufficiently permeable to take up the
purified, protein-free DNA from phage
@X174. Within about 20 minutes the in-
fected protoplasts produce whole virus
particles capable of infecting normal
cells [see upper illustration on page
114]. Curiously, whole virus particles
will not infect the protoplasts, just as
free DNA will not infect normal cells.

The mechanism by which the thread-
like molecule of DNA actually finds its
way into the protoplasts is unknown.
When the molecule of X DNA is un-
raveled, it has a length about 150 times
greater than the diameter of the virus it-
self. Normally only a few tenths of 1 per
cent of the protoplasts become infected.
It is possible to arrange conditions, how-
ever, so that the efficiency of infection,
expressed as the fraction of DNA mole-
cules added that result in an infected
protoplast, rises to more than 25 per
cent. Since each protoplast makes 100 or
more complete virus particles, under
these conditions more virus DNA is
made than was originally added to the
protoplasts. It is therefore evident that
the complete viruses released from in-
fected protoplasts are not simply the
original DNA “recoated” with viral pro-
tein. We are observing the complete syn-
thesis of virus particles, initiated by the
free nucleic acid. The availability of a
system in which virus infection can be
initiated at a relatively high efficiency by
a free nucleic acid now opens up numer-
ous possibilities for investigation of the
effects of varied chemical, enzymatic
and physical agents on the functional
properties of the nucleic acid.

Nl this leads up to an important ques-

tion: How does the single-stranded
DNA replicate itself? The common two-
stranded DNA is believed to replicate
by an unraveling of the two strands, con-
comitant with the synthesis of a com-
plementary daughter strand on each of
the two parental strands, resulting ‘in
the production of two double-stranded
DNA molecules [see illustration on page
116]. An obvious hypothesis is that the
replication cycle of the single-stranded
DNA of ¢X174 involves a double-
stranded stage.



Support for this hypothesis has recent-
ly been obtained from the following ex-
periment. By the use of an appropriate
culture medium a preparation of ¢X174
was grown in which all the nitrogen
atoms were of the heavy isotope N-15
and a fraction of the phosphorus atoms
were of the radioactive isotope P-32. De-
pending on the specific replication mech-
anism, the X DNA molecules later pro-
duced inside infected bacteria might
incorporate these isotopes in various
ways. DNA incorporating N-15 could be
identified because it would be heavier
than DNA containing ordinary nitrogen
(N-14). DNA containing P-32 would of
course reveal itself by its radioactivity.
The next step was to expose bacteria to
the labeled viruses and allow replication
to take place. The experiment gives bet-
ter results—including a higher yield of
DNA—if the bacteria are artificially
opened before lysis. To provide a DNA
fraction of normal density for reference,
ordinary ¢X DNA, containing ordinary
nitrogen, was added to the extracted
DNA as a carrier.

An elegant method has been devised
for separating the molecules of a com-
pound in which some of the molecules
are labeled with heavy atoms and some
are not. One places the sample in a con-
centrated solution of a heavy salt such
as cesium chloride and spins the mixture
at high speed in an ultracentrifuge. After
several hours an equilibrium distribu-
tion of cesium chloride is established in
the centrifuge cell, with the highest salt
concentration at the outer, or centrifu-
gal, end of the cell and the lowest con-
centration at the inner, or centripetal,
end. As a result the density of the solu-
tion increases smoothly from the inner
to the outer end of the cell, producing
a gradient of density. If a sample con-
taining components of various densities
is spun in such a solution, the compo-
nents will come to equilibrium in the cell
at points where they exactly match the
density of the solution [see illustration
at right].

The mixture of labeled DNA and car-
rier DNA was centrifuged in this man-
ner. To determine the centrifugal posi-
tion of various components, the plastic
centrifuge cell was carefully removed
from the centrifuge rotor at the end of its
spin, a fine hole was bored in the bottom
of the cell and the successive drops of
solution were collected separately. The
first drops represent the denser end of
the solution, the last drops represent the
lighter end, with a regular progression
in between. DNA from the parental
virus could be detected by its radioac-
tivity, The N-14 carrier DNA, present
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PLANT LAYOUTS “TAPE-UP”
FAST AND CLEAN ... WITH
CHART-PAK MATERIALS

Plant layouts are a lot less work to
make, with pressure-sensitive Chart-
Pak. The most used lines, bars,
shapes and symbols come pre-
printed, on transparent or opaque
tapes and sheets, ready to press
down. They no longer have to be
inked in or even drawn!

Chart-Pak materials adhere
tightly, and reproduce beautifully,
time after time — yet can be easily
changed. Widely used for layouts,
drawings, graphs, diagrams, charts
— almost any visual presentation or

drafting need.
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rate master drawings for printed
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are stripped off handy rolls. Chart-
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roll out into conductor paths —
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photographic reproduction.
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in much greater amount, could be de-
tected by its ultraviolet absorption.

The radioactivity from the parental
virus was found in two bands, one heav-
ier than the band of the carrier DNA
and one lighter. The heavier band was
at the expected density for ¢X DNA
labeled with N-15. The band lighter
than the carrier DNA had the density to
be expected if the parental N-15 DNA

strand had paired up with a complemen-
tary N-14 DNA molecule to form a dou-
ble-stranded molecule. (The density of
double-stranded DNA is about 1 per cent
less than that of the single-stranded
form.) With increased time of infection
more of the parental phosphorus appears
in the lighter band.

Evidently during the process of infec-
tion the X DNA enters into an altered
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REPLICATION OF COMPLETE VIRUS PARTICLES from ¢X DNA alone is shown by the
shapes of these two curves. Bacteria with cell walls partially destroyed, called protoplasts,
are infected with gX DNA. Samples of the infected culture show a secondary rise in infectiv-
ity after about 20 minutes (black curve), indicating the release of new virus particles. If the
infected culture is subjected to osmotic shock, which halts the replication process, few
new viruses can be found unless shock is withheld for about 20 minutes (colored curve).
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CENTRIFUGE EXPERIMENT shows that newly created ¢X DNA, labeled with radio-
active atoms and heavy nitrogen (N-15), appears in two forms, one heavier and one lighter
than normal ¢X DNA added as a carrier. Strong ultraviolet absorption of the carrier estab-
lishes sedimentation position of unlabeled DNA. (Also see illustration on preceding page).
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When will solid steel collapse?

To men pounding over rough, unknown terrain in a mili-
tary vehicle, metal failure is a matter of life or death, a
successful tactical mission or failure. But the battle of
metal failure was fought —and overcome — years ago by
Caterpillar's quality control specialists.

Since Caterpillar equipment is used the world over,
and subjected to unpredictable uses and conditions, even
isolated material failures have to be controlled to main-
tain product reliability. Systematic selection of steel by
low temperature testing, a routine at Caterpillar, protects
Cat-built vehicles against sudden metal failures.

Samples of the steel used in all Caterpillar equipment
are chilled to -20° F. and then subjected to a calibrated
hammer blow, as shown in the multiple exposure study
above. Low temperature impact properties are evaluated
on the basis of the energy absorbed. Caterpillar pioneered
this method of testing in 1934 and today the Ordnance
Corps requires this test on all equipment.

Caterpillar's Metallurgical and Materials Division scru-
tinizes samples of every raw material used in Cat-built
equipment. Its laboratory, recognized as one of the
finest of its kind in the U. S., includes a full wet chemistry
lab, a physical testing lab, spectrographs, and individual
rubber, paint and oil labs. The physical testing section
has facilities for measuring hardness, tensile and yield
strength, impact, ductility and fatigue properties.

All incoming parts from suppliers—as well as inter-
nally manufactured and assembled units—are examined
by Caterpillar's Inspection Division. Its experienced in-
spectors use the finest precision equipment for their
measurements, including x-ray, magnetic particle equip-
ment for surface and sub-surface defects and a remarka-
ble assortment of precisely-engineered gauges and
checking tools.

In addition a statistical quality control system tells
when and where to look for possible sources of trouble,
warns when trouble is imminent, and provides a constant
audit of product quality during manufacturing.

All of these efforts have but one aim: to assure effective
performance, with minimum maintenance, from the spe-
cialized vehicles, their components and power packages
designed and built by Caterpillar.

For more information, write Defense Products Depart-
ment, Caterpillar Tractor Co., Peoria, lllinois.

CATERPILLAR

Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co.

Caterpillar Tractor Co., General Offices, Peoria, Illinois -
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Ltd., Melbourne - Caterpillar Brasil S.A., Sdo Paulo -
Glasgow « Caterpillar of Canada Ltd., Toronto -

Caterpillar Americas Co.,
Caterpillar of Australia Pty.
Caterpillar Tractor Co. Ltd.,
Caterpillar France S.A., Grenoble

© 1962 SCIENTIFIC AMERICAN, INC




form that we call the replicative form.
Although characterization of this form
has so far been indirect, because only
minute amounts have been available,
many of its properties suggest that it is
two-stranded. For example, if the pa-
rental virus material is made even denser
by the incorporation of heavy hydrogen
(H-2) in addition to N-15, the repli-
cative form is correspondingly denser,
indicating that it must incorporate essen-
tially all the parental viral DNA. The
reaction to heat provides other evidence.
When double-stranded DNA is heated
and its orderly structure is destroyed, it
becomes significantly denser. When the
replicative form is heated, it too becomes
denser, and to a similar degree. (When
single-stranded DNA is heated, its den-
sitv does not change.)

Like the single-stranded form, the rep-
licative form will also infect bacterial
protoplasts; one can therefore compare
the relative effect on the two forms of
various inactivating agents. As might be
expected, the single-stranded form from
the virus, which is known to react with
formaldehyde, is rapidly inactivated
by formaldehyde. The infectivity of
the replicative form is essentially un-
affected by formaldehyde, indicating
that the amino (nitrogen-hydrogen)
groups of its component bases are not

accessible. To sum up, all the tests so far
devised strongly suggest that the rep-
licative form is indeed a two-stranded
intermediate produced during the rep-
lication of ¢X174. One would expect
the two-stranded form to contain
matching amounts of the complementary
base pairs: adenine-thymine and gua-
nine-cytosine. If experiments now in
progress show this to be the case, we can
assume that X DNA in its replicative
form has a structure similar to that of
ordinary two-stranded DNA.

The amount of replicative-form DNA,
as measured by the amount of infective
material with these distinctive proper-
ties, increases many-fold during infec-
tion. Moreover, this multiplication oc-
curs even if the infection is carried out
in the presence of chloramphenicol, an
antibiotic that blocks protein synthesis
and prevents the formation of progeny
virus particles.

Clearly at some stage in the viral
replication there must be a reversion to
the single-stranded DNA state. Late in
the infection many mature virus parti-
cles containing single-stranded DNA are
found inside the infected cell. At no time
during infection, however, is a pool of
free, single-stranded DNA molecules ob-
served. The single strands must be in-
corporated into progeny particles soon

after they are formed. If the infection
occurs in the presence of chlorampheni-
col so that no progeny are made, no
single-stranded DNA is found.

The replicative form may in some way
serve as a template from which many
copies of the single-stranded form are
peeled. Alternatively it may serve as a
precursor of the single strands, each
molecule providing one strand to be
built into a virus particle while the other
strand is discarded. Further research is
needed to decide between these con-
cepts.

Phage ¢X174 is a representative—in
all probability only the first to be dis-
covered—of a distinct class of virus with
a distinct hereditary material. (At least
one other virus, S13, very similar to
¢X174 in size, appears to contain single-
stranded DNA.) A better understanding
of the replication mechanism of ¢X174
might clarify the replication of the more
numerous viruses with two-stranded
DNA, and perhaps also the replication
of the many RNA viruses that infect
plant and animal cells. In addition, the
simplicity of ¢X174 offers the long-
range possibility that, through the use
of the full repertory of modern tech-
niques, a reasonably complete under-
standing of the course of virus infection
can be achieved.

ORIGINAL PARENT MOLECULE

REPLICATION OF NORMAL DNA requires that the two-stranded
helix of the parent molecule (left) become untwisted. Each parent
strand then serves as a template for the formation of a complemen-
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FIRST-GENERATION
DAUGHTER MOLECULES
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SECOND-GENERATION
DAUGHTER MOLECULES

tary strand, with the result that one strand of the parent appears in
each of two daughter molecules (middle). A repetition of the
process yields four molecules in the second generation (right).
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An entire metropolitan newspaper could be
recorded in the tiny dots above!

Every page, every word, every picture in
an entire edition of a metropolitan news-
paper could be recorded and reduced to
microscopic proportions, thanks to an
amazing new photochromic micro-image
technique developed by NCR Research.

Using a photochromic material consist-
ing of molecules of light-sensitive dyes, it
makes possible completely grain-free clear
reductions far finer than those achieved
with the finest micro-film.

Actually, the little plate above is big
enough to record 1,312 newspaper pages

... micro-images that can be enlarged to
almost perfect copies of the original docu-
ments.

To put it another way ... this new NCR
development makes it possible to store the
entire contents of a 400 page book on one
square inch. Thus the library of the future
could store all its volumes on small, ex-
pendable memory cards. The cards could
be read at home with viewers which mag-
nify the image for easy reading.

Or, put another way, documents that
now require 250,000 square feet of filing
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space can be stored in 6% square feet.
Think of what this will mean to business
concerns in the years to come, as space
becomes more and more valuable.

The point is...this is only one of the
many new and exciting projects at NCR’s
Research and Development Division, whose
maijor objective is...

To provide the finest total business sys-
tems — from original entry to final report
—through NCR accounting machines, cash
registers or adding machines, and elec-

tronic data processing.

New sign of The National Cash Register Company,
Dayton 2, Ohio— 1,133 offices in 120 countries
—78 years of helping business save money
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This killer isn’t dead yet

DDT and vigilance have wiped out
malaria in the U.S. But the job won’t be
finished until we’ve helped destroy every
malaria-carrying mosquito on earth.

The anopheles mosquito is
the world’s worst economic
crippler. It breeds in fertile
areas, striking down millions of
farmers and robbing the world
yearly of billions of man days
of productive labor.

By 1952, the United States
had conquered malaria. But 200
to 300 million cases still sapped
the strength of the rest of the
world. We picked up our spray
guns and joined over 100 other
countries in a
drive to eradicate

every last hut in Asia, Africa,
South America. Olin, a major
world supplier of DDT, has been
part of this all-out war, the re-
sults of which have been startling.
In India alone, malaria cases fell
from 75 million to less than
100,000, with almost no deaths.
There’s still a lot of work to be
done, but we’re getting there.
When malaria has been wiped
out once and for all, the world
will be a more productive place.
And we will all

have learned a

malaria com -’\ heartening lesson
pletely, by carry- " ln in international
ing DDT into cooperation.

OLIN MATHIESON CHEMICAL CORPORATION, 460 PARK AVENUE, NEW YORK 22, NEW YORK

CHEMICALS e INTERNATIONAL o METALS o
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THE MOON ILLUSION

When the moon is near the horizon, it looks bigger than when it 1s

at the zenith. Is this because the observer raises his eyes to see

the zenith moon or because he views the horizon moon over terrain?

hen the moon hangs low over
the horizon, it looks much big-
ger than when it is high in the

sky. Yet in photographs its image has es-
sentially the same size no matter where
the camera finds it. Of course this is
equally true of the images in the eye.
The change in size is not an optical ef-
fect but a psychological one. It is there-
fore known as the moon illusion.

Men have recognized the moon illu-
sion (as well as the corresponding sun il-
lusion) since antiquity. Many explana-
tions for it have been advanced, but only
two deserve serious consideration. One
can be called the apparent-distance
theory and the other the angle-of-regard
theory. According to the former the hori-
zon moon looks bigger because it seems
farther away; according to the latter the
high moon looks smaller because the
viewer raises his eyes or head to look
at it.

The apparent-distance theory seems
to be the older, going back at least to the
second-century astronomer and geome-
ter Ptolemy. He proposed that any ob-
ject seen through filled space, such as
the moon seen across terrain at the hori-
zon, is perceived as being more distant
than an object just as far away but seen
through empty space, such as the moon
at the zenith. If the images of these ob-
jects in the eye are in fact of equal size,
the one that appears farther away will
seem larger.

This follows from the geometrical re-
lationship between size and distance
[see top illustration on page 122]. If two
objects at unequal distances from the
observer form images of the same size on
the retina, the more remote object must
be the larger. It is well known to psy-
chologists that an observer perceiving
two equal images, and receiving sensory
information that one object is farther

120
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away than the other, correctly sees the
farther one to be the larger. The reader
can demonstrate this fact for himself
by looking at a sharply contrasted ob-
ject against a uniform background long
enough to form a clear, persistent after-
image on the retina. This afterimage is
of course constant in size. But when the
gaze is shifted between two surfaces at
different distances, the image appears
larger when it is projected on the farther
surface.

Similarly, if the moon seems farther
away when it is on the horizon than
when it is higher in the sky, it should
look larger. Some years ago Edwin G.
Boring and his colleagues at Harvard
University subjected the apparent-dis-
tance theory to what he considered a
critical test. He asked people to judge
the relative distances of the zenith and
horizon moons. Most of his subjects
said the horizon moon seemed near-
er—the opposite of what the theory
called for. So Boring sought another
explanation.

He proposed that the postural changes
involved in looking at the zenith moon
might somehow be responsible for the
moon illusion (the angle-of-regard
theory). Although he could find no ex-
planation of why this might be so, he
and his colleagues carried out a series
of experiments that seemed to connect
the apparent size of the moon with the
elevation of the observers’ eyes. They
used a number of methods; the major
one was designed to measure the illusion
as follows. The subjects were asked to
match the moon, as they saw it, with one
of a series of disks of light projected on
a nearby screen. Looking at the horizon
moon with eyes level, most observers
selected a disk one and a half or two
times larger than the one they chose
when their eyes were raised 30 degrees
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to view the zenith moon. When they
tilted their heads so that they could look
at the zenith moon with eyes level, their
choice indicated that they experienced
no illusion. Two subjects lay supine so
that they could see the zenith moon
“straight ahead,” and, by bending their
necks backward, could see the horizon
moon with eyes “elevated.” For them
the illusion was reversed, the zenith
moon appearing the larger.

In spite of the apparent persuasiveness
of these results, the authors of the
present article, working at the New
School for Social Research and at Ye-
shiva University, decided some five
years ago to reopen the subject. For one
thing, we ourselves saw no significant
change in size whether we looked at the
moon with our eyes level or elevated.
For another, we questioned Boring’s
method of determining the moon’s ap-
parent size.

In effect he was asking his subjects to
compare things that are not really com-
mensurable. It is difficult to say how
large the moon appears to be. Its vir-
tually infinite distance gives it a large
but more or less indeterminate size.
The comparisondisks, on the other hand,
were nearby, so that the observer could
easily make a judgment as to their actual
size. He then had to match a circle of
indeterminate size with one having a
diameter of some specific number of
inches. We felt that such a comparison
was extremely difficult to make.

We decided to try a more direct ap-
proach, in which two artificial moons
seen against the sky could be compared
with each other. (The actual illusion in-
volves the same sort of comparison, al-
though the two real moons are separated
by a considerable interval of time as well
as space.) In our artificial moon appara-



MOON ILLUSION, in which the horizon moon appears larger than of the same size, has been placed low on the horizon (below). Some
the zenith moon, is simulated in these photographs. An artificial people note a slight illusion even in the photographs; the illusion
moon has been placed high in the empty sky (above) and another, is a common phenomenon for most people viewing an actual scene.
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DISTANCE AND SIZE are related in the manner shown here. Although arrows 4 and B
subtend the same visual angle at the observer’s eye and therefore produce images of the
same size on his retina, arrow A is seen to be farther away and hence actually to be larger.

/

. Y

DISTANCE-SIZE RELATIONSHIP is automatically taken into account by an observer. If
two objects that are actually the same size are perceived as being at different distances, the
one that seems to be farther away will look larger. The figure at the right is perceived as
being larger than the identical figure at the left only because it seems to be farther away.

APPARENT-DISTANCE THEORY holds that this is what happens in the case of the moon
illusion. The horizon moon appears to be farther away, although it is not. The viewer auto-
matically takes the apparent distance into account. He then unconsciously applies the rule
that, of two objects forming images of equal size, the more distant must be the larger.
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tus light rays from a lamp pass through a
circular aperture and are made parallel
by a lens. The parallel rays fall on a
piece of glass or a half-silvered mirror
tilted at an angle of 45 degrees. An ob-
server looking into the glass sees a bright
disk against the sky, which is also visible
through the glass [see illustrations on
page 124].

With two such devices, one pointed
toward the horizon and the other pointed
toward the zenith, we could test the il-
lusion both qualitatively and quantita-
tively. Each device was equipped with a
set of circular apertures of different siz-
es; thus the aperture in one could be
changed until the subject said that the
size of the “moon” matched that in the
other. The ratio of the zenith aperture to
the horizon aperture gave a numerical
value for the illusion. A ratio of one
would mean no illusion; a ratio greater
than one would indicate that the illusion
was present in its usual form.

First we set out to test the eye-eleva-
tion hypothesis by our new method. In
one experiment 10 subjects viewed the
artificial horizon moon normally and
compared it with a zenith moon that
they saw either with eyes elevated or,
by tilting their heads, with their eyes
level. We obtained an illusion both
ways. The ratio of the horizon moon’s
apparent diameter to that of the zenith
moon was 1.48 with eyes elevated and
1.46 without eye elevation—an insignifi-
cant difference. Then we had the sub-
jects compare two moons in the same
region of the sky, one viewed with eyes
level and the other with eyes elevated.
The ratio between the sizes of the two
moons was only 1.04. There was no il-
lusion to speak of. We concluded that
Boring’s findings on eye elevation were
peculiar to the methods employed.

Before abandoning the angle-of-regard

theory completely, we rechecked
one other phenomenon that seemed to
support it. Many years ago the German
psychologist Erna Schur found she
could produce the illusion indoors, in
a large dark space such as a zeppelin
hangar, by projecting disks of light on
the wall and ceiling. Moreover, Boring
and Alfred H. Holway reported a sun il-
lusion even when the subject looked at
the sun through a dense filter that
blanked out everything but the bright
disk itself. In both cases no terrain was
visible to differentiate horizon from ze-
nith. We repeated Schur’s experiment in
the Hayden Planetarium in New York
and got a ratio of only 1.03 between
horizon and zenith. Next we set up our



artificial moon apparatus in a totally
dark room and repeated our eye-eleva-
tion experiment. In this case the moons
were each seen at optical infinity, one
at the zenith and one straight ahead.
Again the ratio turned out to be 1.03.
Considering that T. G. Hermans of the
University of Washington has recently
reported approximately the same ratio in
studying the effect of eye elevation in
apparent size, and that we came very
close to it (1.04) in our outdoor obser-
vations of two moons in the same part
of the sky, eye elevation would appear to
exert a slight effect. Why this should be
so is by no means clear, but in any case
it cannot really account for the moon
illusion.

\We therefore turned to the apparent-
distance theory. Boring had rejected it
because his subjects said that the hori-
zon moon appeared to be nearer than the
zenith moon. But, we wondered, did
they really see the horizon moon as near-
er? Or were they judging it to be nearer
precisely because it looked bigger, effec-
tively twning the reasoning upside
down? In that case the reported dis-
tance would be a secondary phenome-
non, an artifact of the very illusion it was
supposed to test. To check this possibil-
ity we showed our subjects pairs of arti-
ficial moons of different diameters and
instructed them to compare their rela-
tive distances. Whenever the zenith

moon was larger, the subjects said it was
nearer than the horizon moon; when it
was smaller, they said it was farther
away.

Therefore we next undertook to elicit
a judgment of distance without regard to
the moon. We asked people to scan a
moonless sky and to try to see it as a sur-
face. Then they were to say whether the
surface seemed farther away immediate-
ly over the horizon or at the zenith. Nine
out of 10 observers answered that the
horizon sky was the more distant; the
tenth could see no difference. From this
experiment we conclude that the hori-
zon sky does appear farther away wheth-
er the observer realizes it or not when
the moon is present.

This evidence is supported by a num-
ber of observations, dating back to the
English mathematician Robert Smith in
1738, on the “half-arc angle.” Most peo-
ple, when they are asked to point along
the line that bisects the arc of sky from
horizon to zenith, indicate a direction
considerably less than 45 degrees from
the horizontal. The vault of the heavens
looks flattened, like a semiellipsoid, rath-
er than hemispherical. Accordingly the
horizon seems farther away than the ze-
nith. If the moon is perceived on the
“surface” of the semiellipsoid, it too will
appear more distant, and therefore

larger, at the horizon [see illustration
below]. All this convinced us that the

apparent-distance theory was perfectly
tenable on logical grounds, and we set
out to test it directly.

Pointing our artificial-moon apparatus
at the horizon, we had observers view
the “moon” through a hole in a sheet of
cardboard that masked the terrain. Un-
der these circumstances the illusion van-
ished: the horizon moon looked no larger
than the zenith moon. Then we pointed
two of our devices at the horizon; in one
the moon was viewed through a mask
and in the other the moon was seen over
unobstructed terrain. The illusion ap-
peared, just as the apparent-distance
theory predicts; to make the two disks
appear equal the masked aperture had to
be made 1.34 times larger than the aper-
ture of the moon over terrain [see bot-
tom illustration on page 125]. This was
quite comparable with the ratios that
were obtained in the ordinary illusion
experiment carried out at the same site
with different subjects.

If, as was beginning to seem likely,
the horizon moon looks larger only be-
cause it is seen over terrain, it should be
possible to reverse the illusion by mov-
ing the terrain overhead with a mirror or
prism. We arranged a mirror at a 45-de-
gree angle so that by looking into it a
subject could see the horizon and its
moon high in the sky. By looking straight
ahead into another mirror he saw an
image of the zenith sky and moon in a

EFFECT OF APPARENT DISTANCE on the moon’s apparent size
is diagramed. The true positions of the moon are along the upper
curve; its apparent positions, if the horizon seems more distant
than the zenith, would be along the lower curve. The perceived size
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of the moon would accordingly vary as shown by the darker disks.
Measurement of the half-arc angles (a, b) to the mid-points (A4, B)
of the actual and apparent arcs from zenith to horizon indicates
that most people see the sky as “flattened,” confirming the theory.
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MOONS WERE SIMULATED by an optical apparatus, shown here schematically. Light
passing through one of a series of apertures of different sizes is collimated (rendered paral-
lel) by a lens and falls on a half-silvered mirror. An observer looking into the mirror
sees against the sky, as if at an infinite distance, a virtual image of the luminous aperture.

VIEW THROUGH MIRROR shows a “moon” against the sky. The observer’s eye is placed
much nearer the glass than the camera that made photograph, so edge of mirror is not seen.
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horizontal direction. As we had expected,
the illusion did reverse: the moon on an
overhead horizon appeared to be larger
than the moon at a horizontal zenith,
with a ratio of 1.34 [see illustrations on
page 126].

At this point we could no longer doubt
that terrain plays the major role in
the moon illusion, but the nature of its
role had not been established. Perhaps
it was acting in some way other than by
giving a sense of greater distance. We
now located our apparatus at a site
where the visible horizon was about two
miles away in one direction and no more
than 2,000 feet away 30 degrees to the
left, providing a direct test of the effect
of distance. The illusion was distinctly
greater when the low-lying artificial
moon was seen over the more distant
horizon.

In this same experiment we also con-
trolled for cloud conditions. Hermann
von Helmholtz and others had specu-
lated that cloudiness might increase the
apparent flattening of the sky, and in
fact recent observations have indicated
that the half-arc angle varies inversely
with the degree of cloudiness. If the ef-
fect exists, and if the apparent-distance
theory is correct, then cloudiness should
magnify the moon illusion.

Accordingly we split our experiment
into three parts. One group of subjects
viewed the artificial moons against a
completely overcast sky, one against par-
tial cloud cover and one against a clear
sky. The illusion increased significantly
both with distance to the horizon and
with the degree of cloudiness. Taking all
cloud conditions together, the illusion
for the far horizon was 1.51 and for the
near horizon 1.36. Combining the ob-
servations on far and near horizons, the
illusion averaged 1.52 in an overcast,
1.45 under partial clouds and 1.34 in a
clear sky.

further test of the apparent-distance
+ X theory was provided by turning the
horizon upside down with prisms. Inver-
sion is known to lessen the impression of
distance, and so we expected it to reduce
the size of the moon illusion. Here too
our expectations were confirmed: with
the horizon inverted the ratio of horizon
to zenith moon was 1.28; for the same
set of observers under normal conditions
it was 1.66. The result probably explains
why people have noted a reduced illu-
sion when they view the moon with head
down, looking backward between their
legs. The image would be inverted. Our
inversion observations, incidentally, were
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view simulated horizon and zenith moons in various ways. A hori- jects were asked to compare two moons in the same part of the sky,
zon moon was compared with a zenith moon seen with eyes level raising their heads so that their eyes were level in one case and low-
(top row) and also with eyes elevaied (middle row). As shown by ering their heads so that their eyes were elevated in the other case
the ratios between the perceived sizes of the horizon and zenith (bottom row). Changing the angle of regard had no significant
moons (right), the illusion was present in both cases and was al- effect on the size of the two moons, as shown by the 1.04 ratio.
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EFFECT OF TERRAIN was shown by an experiment in which the was compared with a zenith moon, there was no illusion (top row).
landscape beneath the horizon moon could be masked, leaving the When a normal horizon moon with terrain was compared with the
moon visible through an aperture. When this masked horizon moon masked horizon moon, substantial illusion resulted (bottom row).
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carried out on a New York City rooftop,
with the horizon moon seen framed be-
tween tall buildings. The high value of
the ratio for the normal illusion supports
the idea that a framing effect can en-
hance the size of the horizon moon, as
many city dwellers have speculated.

The apparent-distance theory was by
now supported by a considerable body
of experimental evidence, but it re-
mained to be shown that no other factors
are involved in the illusion. Two that
have been frequently proposed are color
and brightness. Often the horizon moon
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TERRAIN’S IMPORTANCE was confirmed by using mirrors to reverse the positions of the
horizon and zenith moons. By looking up into a mirror (above) the observer saw the hori-
zon terrain and its moon overhead. Looking into another mirror (below) he saw a patch
of zenith sky and its moon, but in a horizontal direction. The illusion was thereupon re-
versed: the overhead moon appeared 1.34 times larger than the one seen straight ahead.
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is much redder than the zenith moon be-
cause of the selective scattering by the
atmosphere of the shorter wavelengths
of light. Many people have suggested
that the color difference produces a dif-
ference in apparent size. We tried put-
ting a minus-blue filter in front of our
artificial horizon moon and found that
the resulting reddening had no effect on
the illusion.

The Irish metaphysician George
Berkeley, among others, attributed the
illusion to the dimness of the full horizon

1.51

moon in the twilight sky compared with
the brighter zenith moon in the dark
night sky. Again we duplicated the con-
ditions in our apparatus. Neither de-
creasing the relative brightness of the
artificial horizon moon nor increasing
the contrast of the zenith moon against
its background had any measurable ef-
fect on this illusion.

In sum, we have demonstrated that
the moon illusion depends on the pres-
ence of terrain and specifically on the
distance effect of the terrain. Eye ele-

1.36

vation, color and apparent brightness
evidently have nothing to do with the
phenomenon.

The theory we have been defending
should not be confused with a deceptive-
ly similar explanation that has often
been ventured. The horizon moon, it is
said, can be compared with objects ad-
jacent to its image along the terrain. If
the moon is seen next to a distant house
and if its image is about the same sizc as
the house, then it appears as large as a
house; since the house is quite large, the

EFFECT OF DISTANCE was tested more directly by comparing
two horizon moons with a zenith moon. One horizon moon was
placed where the visible horizon was far off (left) ; the other was

1.66

IMPRESSION OF DISTANCE is known to be lessened by inver-
sion of a scene. Two horizon moons were compared with a zenith
moon. In one case the horizon moon was seen normally between tall
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over a nearby horizon (right). Theillusionvaried significantly with
distance. (The railroad tracks, added here to emphasize the differ-
ence in distance, were not actually in the experimental scene.)

1.28

buildings; in the other case the skyline was inverted by a prism.
The moon illusion was significantly smaller in the case of the in-
verted skyline, confirming the importance of distance as a factor.
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Highly sophisticated space research instrument.

Noordinaryhousehold mouse this. He’s Perogna-
thus longimembris, the Little Pocket Mouse from
the southwest desert.

He drinks no water at all. One of the smallest
mammals in the world, he weighs in at only 6 to 10
grams fully grown. And he’ll hibernate or estivate
at the slightest provocation. He simply goes to sleep
when it gets too cold or too hot, or food runs short.

We have big plans for these little animals at
Northrop Space Laboratories. Nature could scarcely
have designed an instrument more ideally adapted
to investigate the long-term effects of space radia-
tion and weightlessness.

A box just 6” by 6” by 10” could hold 100 hiber-
nating pocket mice—enough to comprise a reliable
sample—and everything needed to keep them alive
in space for several weeks. Such a package could be

put into orbit quite easily, left there aslong as neces-
sary, and recovered for study with the mice still
quietly sleeping.

This is just one of the many projects we have in
work at Northrop Space Laboratories. Others cover
such fields as plasma and nuclear physics, planetary
physics and chemistry, materials and structures
research, and space systems engineering as well as
the manifold aspects of life support systems for space
environments.

‘We have much to learn about the hazards of pro-
longed exposure to space conditions before we can
afford to risk men on such long term projects as
moon exploration or manned space stations. The
Little Pocket Mouse may well give us a reliable and

inexpensive short cut to
much of this knowledge. NORTH Rop
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moon must be large. This explanation is
incorrect because the illusion can be ob-
tained over water or desert, where there
are no familiar terrestrial objects for
comparison. The apparent-distance the-
ory, on the other hand, stresses the im-
pression of distance created by the
terrain considered merely as a plane
extending outward from the observer—
a distance impression that in turn
affects the moon’s apparent size ac-

cording to well-understood relationships.

Eighteen hundred years after Ptolemy
we have tested his hypothesis and pro-
vided evidence that it is correct. Oddly
enough, there is no part of our technique
that could not have been carried out cen-
turies ago. But experimentation in psy-
chology is a fairly recent development.
So too is the theory of size perception,
in which apparent distance is now un-
derstood to play a basic role.

VIEWING ZENITH MOON, an observer looks up through the half-silvered mirror, which
combines the reflected image of the infinitely distant moon with the background sky.
In the actual experiment the subject places his eye almost directly against the glass plate.

——mr

HORIZON MOON’S SIZE is adjusted by the experimenter until the observer says it is the

same as that of the zenith moon. The ratio between the two sizes measures the illusion.
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Basic Research at Honeywell

Research Center

Hopkins, Minnesota

Studies of the Visual Processes
Underlying Color Perception

Precise psycho-physical measurement techniques appear to

clarify conflicting theories on the color receptor system of the

human eye, possibly confirming an additive four-component

receptor system as underlying color and brightness perception.

Scientists have been trying to understand
how the eye sees color and to duplicate this
process ever since the time of Sir Isaac
Newton, who proposed that there were as
many neural processes as there were dis-
criminable colors. Thomas Young in 1801
recognized that if three primary colors,
when mixed in different proportions, can be
made to match any color of the spectrum,
then a system of three independent recep-
tors would be adequate. Von Helmholtz
amplified the Young theory by suggesting
that the brightness of colors was the sum
of the responses of the three classes of color
receptors. This has been termed an “addi-
tive” theory.

An alternate theory is the “opponents”
theory proposed by Hering and based
largely on psycho-physical data. He pro-
posed that two antagonistic (or opposed )
pairs of receptor mechanisms provide
“color aspect” of color vision. These pairs
are blue-yellow and red-green. Brightness
in this theory is independent of the color
mechanism but is dependent on a third
black-white process.

The conflict in theories is sharpest on
two empirical questions: (1) Is yellow the
combined response of the red and green
mechanisms (additive) or does it have an
independent response mechanism (oppo-
nents)? (2) Is brightness the summed
response of the color receptors or an inde-
pendent mechanism?

Honeywell psychologists are using a very
sensitive technique utilizing psycho-physi-
cal responses of human subjects. By refining
techniques of chromatic adaptation in com-
bination with threshold measurement they
have succeeded in isolating microstructure
in the human foveal spectral sensitivity
curve.

There now appears to be evidence that
there are sensitivity peaks corresponding to

red, yellow, green and perhaps blue. By
adapting the eye to very narrow wave
bands in the red, yellow and green parts
of the spectrum it is possible to reduce
these sensitivity peaks selectively support-
ing an additive theory but with at least four
components.

In the Honeywell experiments, a seated
subject fixates a small circle in a large sur-
round field which carries the adaptive light.
After adapting the eye to the surround
field the subject fixates the small center

Fig. 1
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circle where a narrow band stimulus from
the various bands of the spectrum is
flashed. The threshold energy for detect-
ing this flash is measured. Measurements
indicate (see fig. 1-a) that when the eye
is neutrally adapted, there is a main peak
in the green at 550mu and sub maxima at
570mu (yellow) and at 600mg through
690my in the red.

When the eye is adapted to red (fig.
1-b) the red shoulder or sub maximum at
600mp to 690my is greatly reduced.

When adapting the eye to yellow (fig.
1-c) the 570mu peak is almost eliminated.

Using a green adaptation (fig. 1-d) the
main peak at 550mu appears somewhat
reduced.

It is important to note that in each case
the adjacent shoulder is unaffected.

These techniques demonstrate that spec-
tral sensitivity may be a composite of
several underlying chromatic mechanisms
which above 500mgu have three independ-
ent components with peak sensitivities to
green, yellow and red light.

Further work is underway at Honey-
well’s Research Center to relate these find-
ings to brightness perception and to explore
more intensely the nature of the yellow re-
sponse mechanism. Of obvious interest and
concern to the medical and human factors
field, a deeper understanding will also
make possible significant advances in the
technology of color measurement leading
to mechanical simulation of color reception.

If you are engaged in scientific work in
color perception and wish to know more
about Honeywell’s research in this area,
you are invited to correspond with Dr.
Harry Sperling, Honeywell Research Cen-
ter, Hopkins, Minnesota.

If you are interested in a career at Hon-
eywell's Research Center and hold an ad-
vanced degree you are invited to write Dr.
John Dempsey, Director of Research at this
same address.

Honeywell
Touts s Contol
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THIRTY PANEL SWITCHES lined up side by side constitute the

arms over the columns of contacts to the rear. The selector rods
panel bank seen here. The vertical selector rods carry contact

in raised positions are in the process of completing calls.
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CROSSBAR SWITCH is the most recent development in electro-
mechanical telephone switching. A typical crossbar switch is an

132

array of 200 contact mechanisms (see top illustration on page 139) ;
these are arranged in 20 vertical columns each having 10 contacts.
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TELEPHONE SWITCHING

The operation of the network linking the 75 million telephones in the

U.S. 1'equi1'es fast and efficient switching. Present electromechanical

switching systems may soon be 1‘eplaced by even faster electronic ones

ight now you can pick up your
Rtelephone and make connection

with any of the more than 75 mil-
lion other telephones in the U.S. On
the average 20,000 people throughout
the country will have begun calls by the
time you have read this far. By dialing
a few numbers each caller will set up,
in a matter of seconds, a unique pathway
to another telephone. The path may be a
mile or 3,000 miles long, and creating it
can involve the operation of thousands
of individual switches. When the call is
finished, the path will be dismantled al-
most instantaneously and its parts will be
ready to form new connections.

Even to people in the business, when
they stop to think about it, the capa-
bility of the modern telephone switch-
ing system is fantastic. Built on one
simple operation—the closing of a switch
—these systems literally exceed the
bounds of comprehension in their detail.
Yet they operate controllably and pre-
dictably. Moreover, substantial improve-
ments in speed and flexibility are in
prospect.

All this began soon after Alexander
Graham Bell patented the telephone in
1876. The telegraph had already posed
a problem of electrical switching, but
the demands of the simple commercial
networks then in existence were modest.
The telephone was a different matter:
it was an instrument everyone could use.
At first few people other than Bell him-
self had the imagination to think of the
telephone as a part of their everyday
lives. The new device was sold in pairs,
for private communication between a
house and barn, say, or a home and a
nearby place of business. The early ad-
vertisements even warned of a possible
lack of privacy if the purchaser con-
nected a third telephone to his system!

In 1877 an enterprising Boston firm
arranged to make telephone connections

by H. S. Feder and A. E. Spencer

among several banks during the day,
using the same wires that formed bur-
glar-alarm connections at night. It was
not long before private owners began
to want to talk with one another too. The
first commercial telephone exchange was
opened in New Haven, Conn., in 1878.

T e

It accommodated eight lines, intercon-
nected with a series of eight-point
switches made of screws and lengths of
brass mounted on a board [see illustra-
tion on next page]. There was a push
button on each instrument to signal for
service but no way of telling the opera-
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MODERN STROWGER SWITCH consists essentially of a set of contact arms and a semi-
circular bank of contacts (bottom half of two switches seen here) and a system of electro-
magnets and ratchet mechanisms (top half) that control the movement of the contact arms.
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tor when a call was completed. He sim-
ply listened in from time to time and
disconnected the line when he heard
no voices.

Soon afterward such crude switches
were replaced by boards containing
sockets, or “jacks,” each connected to a
line. The operator had a supply of flex-
ible wires or cords with plugs on both
ends. He set up a connection by plug-
ging the ends of a cord into the two
jacks associated with the proper lines.
Auxiliary circuits between each instru-
ment and the switchboard provided the
means to signal for service, ring the
telephone being called and notify the
operator when the call was completed.

Each switchboard commonly had a
capacity of 50 lines, and several boards
could be placed side by side to make
larger exchanges. One operator could
reach over three adjacent boards, there-
by serving 150 customers. As the num-
ber of customers increased beyond this,
more than three boards were needed. Ac-
cordingly many calls required the serv-
ices of two operators and the use of
very long cords to set up the necessary
connection between different switch-
boards. It therefore became advanta-
geous to establish permanent connec-
tions, called trunks, between nonadjacent
boards.

The idea is straightforward, but
“trunking” added a new dimension to
telephone switching networks. Previ-

ously each position, or jack, on each
board led to an individual telephone.
There was only one route between any
pair of instruments. Now, in addition
to jacks representing separate tele-
phones, the operator had a number of
more generalized terminals leading to
other switchboards. Each of these repre-
sented a potential connection to any of
a large number of telephones. More-
over, with more than one trunk line con-
necting each pair of boards, there was
a choice of routes. If the operator found
that one trunk line was busy, he could
try another.

Often, however, a single operator
could not keep pace with all the calls
coming through his position. Soon a
“multiple” switchboard was developed
to decrease the load on the operator.
Each unit in a multiple board had a com-
plete set of “terminating” connections,
one to each telephone line. A second set
of “originating” connections to the lines
was divided among a number of units
[see bottom illustration on opposite
page]. Each operator now handled only
a fraction of the incoming traffic, but he
could complete a call to any number in
the exchange. The basic idea is simple
enough, but a great deal of ingenuity
went into the design of auxiliary circuits
to keep all operators informed as to the
status of all lines.

Notice that in referring to operators
we have been saying “he.” In the early

FIRST COMMERCIAL SWITCHBOARD (here represented by a model) was designed for
eight telephones. Each of the telephones was equipped with a single push button for signal-
ing the operator, who would then make a connection by setting switches to proper contacts.

134

© 1962 SCIENTIFIC AMERICAN, INC

days operators were usually boys or
young men. They did not work out well.
The youths talked back to customers,
shouted, whittled the woodwork on the
switchboards and in general created a
state of bedlam. The substitution of
young women was a complete success.
The ladies were quiet, courteous and
attentive; they showed more aptitude
for the work and remained civil even
under considerable provocation.

Once it got started, the telephone net-
work grew at a rapid pace, and engi-
neers began to think of ways to set up
connections mechanically. One person
who interested himself in the problem
was not a telephone man at all but a
Kansas City undertaker named Almon B.
Strowger. In 1889 Strowger invented a
rotary stepping switch that forms the
basis for much of the telephone switch-
ing equipment in service today.

A story, which ought to be true al-
though it may not be, is told of the in-
vention. It seems that many of Strowger’s
undertaking clients reported getting a
wrong number when they telephoned
him, and not just any number but the
number of a competitor, who proceeded
to offer his own services to the callers.
By what seemed more than coincidence,
the competitor’s wife was a telephone
operator at the local exchange. Strowger
went to the root of the problem: elimi-
nate the operator.

Obviously a man of action, he set
about designing a mechanical switch us-
ing a collar box and some straight pins
for his model. He stuck 10 pins in a
row on the inside of the round collar
box, with their heads protruding to-
ward the center. Then he pivoted a cen-
tral arm so that it would make contact
with each pin in turn as it rotated. He
reasoned that if a group of switches such
as this could be made to step from one
contact to the next under the control
of buttons at the telephone, each cus-
tomer could set up his own calls.
Strowger received a patent on the device
in 1891, and it was first installed in
La Porte, Ind., the following year.

An improved version of the Strowger
switch that is still in use today consists
of an array of 10 rows of 10 sets of con-
tacts, each row arranged in an arc of a
circle as in the collar-box model. Two
simple motions of the contact arm—one
vertical, to find a selected row, the other
rotary, to find a selected contact in that
row—can connect it to any one of 100
lines. The switch is driven by electro-
magnets and ratchet mechanisms; each
time one electromagnet is pulsed, the
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NONMULTIPLE SWITCHBOARD enabled operators to connect 6 for Line 16 required use of the trunk line (heavy black line)

two lines in the same unit or in adjacent units. Thus Operator 2 to Operator 4, who then completed the call. Operator 1 could reach
could complete calls for Line 1 through Line 12. But a call on Line Operator 4 by connecting directly with the same trunk line.
11
) 5 L 5 EIRRERERERER I AT EER R
e
OPERATOR 1 OPERATOR 2 OPERATOR 3

MULTIPLE SWITCHBOARD provides each operator with a erator 1 can complete a call on Line 2 for Line 9 by making a direct

limited number of “originating” connections (vertical heavy black connection. A nonmultiple switchboard (see illustration at top of
lines) and a complete set of “terminating” connections. Thus Op- page) would have required the use of a trunk line to Operator 3.
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LINE 1

LINE 2 LINE 3

STEP-BY-STEP SWITCHING that set up a connection (color) between two phones was
based on the early Strowger switch (see illustration at left on opposite page). When a sub-
scriber dialed 3 on the first telephone, the Strowger switch associated with that line advanced
three steps from the idle position and came to rest on the contact of the third telephone.

FIRST DIGIT SWITCHES

 u

SECOND DIGIT SWITCHES

L ' W TO 12
* TO 11
NUMBER 11 7
CALLING 22 -
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CALLING 21 o
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“HUNTING” available routes for two calls is illustrated. Dialing the first digit of 22 on
Number 11 raises the contact arm to the contact bank leading to the “2” trunks; the arm
hunts out the first nonbusy contact. Dialing the second digit then connects the call to Num-
ber 22. When 21 is dialed on Number 12, the first trunk line is busy and the arm hunts out
the next nonbusy trunk. The dialing of the second digit connects the call to Number 21.
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arm moves one row vertically, each time
a second electromagnet is pulsed, the
arm rotates one position horizontally. A
third electromagnet releases the arm,
letting it return to its starting position
by spring action and gravity.

In the first systems employing the
Strowger switch the telephones had no
dials but small boxes with three push
buttons, one for each electromagnet.
Each instrument was connected to the
arm of its own switch. Each contact in
that switch was connected to one of 100
telephones. Repeated operation of the
push buttons caused the arm to step
along from row to row and from con-
tact to contact so that the customer
could set up a direct connection to any
of 99 others. This arrangement, tech-
nically known as a step-by-step system,
was popularly known as the “girl-less,
cussless telephone.”

In a self-contained network of 100 tele-

phones step-by-step switching al-
lowed each customer to do exactly what
an operator would have done in setting
up a call. How could the principle be
applied to a system involving trunks?
How could the customer know which
of various routes to a given destination
were available and which were busy?
The answer to these questions constitut-
ed a giant forward stride: The switching
network itself was designed to partici-
pate in the selection of a route.

Under the new system each telephone
originating a call was connected to the
pivoting arm of a switch. The successive
banks of contacts of that first switch,
known as a selector, no longer led to
individual telephones but to groups ot
trunks. In other words, the lowest 10
contacts were connected to 10 trunks
running to one group of switches, the
next row provided 10 routes to a second
group, and so on. By dialing one digit
(dials had quickly replaced push but-
tons) the customer selected a particular
row of contacts, as before. When the arm
reached the row, it proceeded to “hunt”
across it automatically: it stepped from
one contact to the next until it found
one that was not busy, then stopped
there. This action was made possible
by coupling two similar contact arms on
the hunting switch so that they moved
together. Each of the arms had an asso-
ciated bank of contacts. The first bank
was used for the desired connection.
Each contact in the duplicate bank car-
ried a signal indicating whether its cor-
responding member in the original bank
was busy or idle. If the signal showed
busy, a pulse was delivered automatical-



ly to the second electromagnet men-
tioned earlier, thus causing the switch
to step horizontally along the row.
When a contact carrying the idle signal
was reached, no further pulse was deliv-
ered and the switch rested there.

The customer now had a trunk line to
the group of switches serving the num-
ber he was calling. At the end of the
trunk was another switch leading to the
individual telephones. Further dialing
pulses operated that switch—both ver-
tically and horizontally—to make the de-
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sired connection. The entire procedure
was still largely under the control of the
person dialing, but hunting increased
the efficiency of operation and made
possible larger systems of 1,000 lines or
more.

The hunting concept was also applied
to reduce the number of switches re-
quired in a system. Formerly each tele-
phone was connected directly to an in-
dividual selector switch. A new arrange-
ment introduced a “line finder” switch
that hunted over a group of lines, finding
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one that was requesting service. Through
the line-finder switch that line would
then be connected to one of a group of
selector switches. In this way switches
no longer had to be supplied on a per-
line basis; they were provided in smaller
quantities appropriate to the traffic.
In addition to improving the efficiency
of switches and decreasing their num-
ber, engineers extended the trunking

idea to more and more complex branch-
ing networks with several stages of in-
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ORIGINAL STROWGER SWITCH made possible systems of 100
telephones each. Vertical and rotary motion of the contact arms in
step-by-step fashion connected one telephone with any of 99 others.

PANEL SWITCH has several flat banks of contacts with as many
as 500 terminals in a column. Any terminal can be reached by con-
tact fingers of a selector rod controlled by motor-driven drums.
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termediate selector switches. As the
branching increased, the number of sep-
arate pulsing signals necessary to oper-
ate all the switches grew. Eventually
numbers were standardized with three-
digit codes (two of which were common-
ly labeled by letters) for central offices
and four-digit numbers providing ac-
cess to as many as 10,000 telephones in
each office.

These advances in technique solved
the major problems and made large
switching systems serving many thou-
sands of lines economically feasible.
Step-by-step systems employing the
Strowger switch are still used in many
central offices, usually the smaller ones.
The arrangement allows little flexibility
in the assigning of telephone numbers,
because the numbers must correspond
to the location of particular terminals on
the switches. In addition, the switches in
the early step-by-step systems we have
described are directly controlled by the
dialer; in a sense he operates them by
hand. As a result the entire assemblage is
geared to the manual speed of the per-
son dialing a number. Yet even these
fairly rudimentary switches can work

KL 5- CENTRAL OFFICE

a good deal faster than that, and more
advanced devices operate literally mil-
lions of times faster. The amount of
equipment tied up in completing a sin-
gle call under direct control is inherently
capable of handling hundreds of calls in
the same length of time.

Furthermore, Strowger switches pro-
vided access to one of only 100 output
terminals. Increasing the number of pos-
sible connections per switch would re-
duce the number of stages through
which a call had to be routed and would
also allow hunting over larger trunk
groups. The next switch to be devel-
oped, the panel switch, has 500 contacts
arranged in a single vertical column and
contact fingers that move up and down
along them. Unlike the moving arms in
Strowger switches, the fingers are not
driven a step at a time by ratchets but
move smoothly on motor-driven shafts
controlled by clutches [see illustration at
right on preceding page]. Therefore
these switches are not controlled direct-
ly by dial pulses, as are the Strowger
switches. To control the panel switches
and to speed up system operation, a
new element, called a “sender,” is intro-
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PANEL SWITCHING SYSTEM described in the text removes the switching process

from the dialer’s direct control by interposing “senders” and “decoders” between the dial

and switching systems. The call’s route is set up automatically and thus much more quickly.
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duced. The sender records the incoming
dialed number and then uses it to con-
trol the panel switches at a much higher
speed.

Used with the sender is a decoder.
The function of this decoder is to con-
vert the decimal numbers received from
the dial to the nondecimal system re-
quired by the switches. In addition the
decoder provides flexibility in rearrang-
ing trunk connections. Panel switches, in
combination with sender-decoders, be-
came standard equipment for larger in-
stallations. Although they are no longer
being installed, many are still in service
in New York, Chicago and other big
cities.

Panel switches are much more effi-
cient than their predecessors, but they
too have drawbacks, mostly connected
with the long and frequent excursions
of their contact arms. The excursions
take time and wear out the clutches and
other moving parts. Continual “finger-
ing” of contacts causes electrical noise,
particularly since the contacts tend to
collect dust and dirt. For this reason the
panel devices have now been displaced
by the “crossbar” switch, which repre-
sents the last word in electromechani-
cal switching.

"T'he crossbar consists of a grid or

matrix of 10 horizontal and 10 verti-
cal wires, with one group slightly in front
of the other so that they do not touch.
At each intersection is a movable con-
tact. As many as 10 of them can be
closed at one time to connect any of the
horizontal wires to any of the vertical
wires, providing 10 separate paths
through the grid. The contacts are in-
genious combinations of springs and le-
vers that open or close in response to
the combined rotary motion of one of
five horizontal bars and linear motion
of one of 10 vertical bars. Only 20 elec-
tromagnets are required to control the
100 contacts: two magnets for each ro-
tating bar (one for each direction of ro-
tation) and one magnet for each bar
moving linearly. The action of these
switches involves small, rapid mechani-
cal motions and is adapted to straight-
forward selection schemes for closing
the contacts. Crossbar systems offer ad-
vantages beyond those inherent in the
switch itself. The trend toward separa-
tion of switching and control functions,
which began with the introduction of
senders and decoders, has been carried
all the way. In modern crossbar systems
the network switches have nothing to do
with hunting or path selection. Control
is centralized in a group of circuits called



markers because they mark a path
through the network of crossbar
switches. The arrangement is very flexi-
ble and makes more decisions in less time
than earlier systems could. In addition
it offers many new services.

One of these is “alternate routing.”
If the marker finds that all the trunks
going directly to a particular central of-
fice are busy, it can select an alternate
route via another nearby office, which
in turn picks out an idle trunk to the
desired destination. The system also
makes a second trial if an attempt to
set up a call is thwarted. When one
part of the network is busy or has failed,
it will try another. A third valuable fea-
ture is the ability of the system to de-
tect failures within its own equipment
and report them on punched cards. This
greatly simplifies the task of trouble-
shooting the complex circuits.

In the crossbar system electromechani-
- cal switching has gone about as far
as it can go. The major advances of the
future lie in electronic circuits, which
appear to offer even greater flexibility
and still higher speed. They should make
possible a reduction in the size and
cost of switching systems in addition to
providing more versatile service.

The basic unit for electronic switch-
ing is the transistor. It is a simple on-off
device: a signal applied to a control
electrode opens or closes the circuit be-
tween two other electrodes. A transistor
is therefore equivalent to a mechanical
switch with only a single contact. To
enable transistors to compete with to-
day’s fast-acting multiple contact switch
it is necessary to exploit to the full their
high speed. Mechanical relays switch in
thousandths of a second, transistors in
millionths of a second (microseconds)
or less. By capitalizing on the 1,000-to-1
advantage it is possible to build a single
electronic unit that replaces several
markers and other items of control
equipment in crossbar systems.

Electronic switching has also clarified
the role played by logic and memory.
Obviously the earliest control systems
could store information and carry out
logical operations, but the fact that they
did so was somewhat obscured by the
mechanical detail. In electronic systems
these functions stand out clearly.

Controlling any switching system, no
matter how complex, in reality involves
nothing more than the making of a large
number of simple logical decisions. For
example, suppose that the control is in-
formed by the appropriate monitoring
circuit that a particular telephone is off
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CROSSBAR SWITCH CONTACT MECHANISM operates by the combined motion of a
“select bar” and a “hold bar.” The motion of the hold bar closes the contact only when the
“select finger” has been placed in either of two positions by the movement of the select bar.

P -

-1—d-'l-'b—l—
Fa ¥

e
3

— — —— — S S S T —

_...___._...[l 4:_.._..
|
L| Y
|
|
|
|
|
|
|
|
|

)

}

__-,_-_4.?'.._._+

CROSSBAR SWITCHING SYSTEM uses space division to route telephone calls. Two
typical paths, in color and in black, are spatially separated, although they appear to cross at
some points. The broken line in color represents an alternative path for one of the calls.
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the hook. What action should be taken?
In order to decide, the control circuit
first determines whether the telephone
is in a talking connection or is con-
nected to a dial tone. In either case “off
hook” is a proper line condition and no
action is required. If neither situation
exists, the line has just gone off hook
and is requesting service. The control
device then arranges to supply dial tone
to the telephone. Similarly, the decisions
of the control in response to any other
condition can be spelled out in terms
of the present state of the call and new
information received from hook and dial.

There are two approaches to the prob-
lem of building logic into control sys-
tems. One might be called wired logic.
Each logical operation is clearly defined

Rl

-

and a circuit is designed to do the spe-
cific job. As an illustration of simple
wired logic circuits, consider a light
controlled by a pair of switches. If the
switches are wired in parallel, the light
goes on when either one or the other
is snapped. The circuit embodies a logi-
cal “or” function. If the switches are
wired in series, the operation of the
first switch and the second switch is re-
quired to turn on the light—a logical
“and” function. Elementary “or” and
“and” units can be combined in large
circuits capable of deciding complicated
logical questions.

Wired logic circuits make virtually all
decisions in electromechanical switching
systems, and they do an excellent job.
They can be built to take advantage of
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the many contacts that are available in
relay and other mechanical switches. But
each circuit is tailor-made for a single
operation; to make a change usually re-
quires extensive reworking and rewir-
ing. Furthermore, if electronic logic ele-
ments are used, the circuits often be-
come (uite expensive.

The second type of control, called a
stored program, consists essentially of
a special-purpose computer with two
memories. One is a semipermanent mem-
ory in which are stored the processing
routines for setting up calls. The pro-
cedures are “written” not in copper wire
and solder, as in wired logic, but in the
form of magnetic patterns on plug-in
cards. Changing one of the logical pro-
cedures is then accomplished simply by
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CROSSBAR CENTRAL OFFICE employs registers, markers and
senders. For a call within the central office, the register receives
the originating dial pulses (KL 5-2622), stores the information
and passes it on to the marker. The marker sends the last four
digits to the number group (an electronic “telephone directory”),
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getting back a code number; it uses the new information (KL
5-3421) to select a path through the switching network and then
closes the proper switches to complete the call. For a call outside
the central office (NA4 8-9970) the sender routes the last four digits

office along a path selected by the marker.



substituting a new card. The second
memory stores short-term information
such as the present state of various calls.
It may be thought of as an electronic

scratch-pad.
As our earlier examples have shown,
the processing of a telephone call
can be analyzed into a number of dis-
crete situations, each calling for a logi-
cal decision as to the next step. A tele-
phone off hook constitutes one situation;
two telephones connected for talking, a
second situation; one instrument put
back on hook, a third, and so on. Each
such situation—and there are hundreds—
may be assigned a number. The semi-
permanent plug-in card memory lists
each situation number, together with the
different actions that may be required,
depending on the additional information
coming in from the customers by way of
hook and dial.

This information is recorded in the
scratch-pad memory as it is received.
Also listed on the scratch-pad are the
states of the switches in the network.
The content of the short-term memory
continually changes to reflect the prog-
ress of the calls the system is working on.

In oversimplified terms, the process-
ing of a call goes something like this:
A customer takes his phone off hook
to start the call. Assume this is labeled
Situation No. 1. Space is now assigned
on the scratch-pad for the call, and the
calling telephone number and Situation
No. 1 are written in this space. The
scratch-pad memory is electronically in-
terrogated at frequent intervals. At the
next interrogation Situation No. 1 is
read out and checked with the program
stored in the semipermanent memory.
The instructions found there are to de-
termine whether the telephone is an-
swering a call or originating one. The
information can be obtained by refer-
ring to the scratch-pad memory. In the
present example the scratch-pad will
show that the off-hook telephone is not
connected to another telephone or to
dial tone; in other words, that this is a
call origination. Accordingly the pro-
gram will instruct the network to con-
nect the telephone to an originating
register that supplies dial tone. After
this has been done the scratch-pad is
revised to list the call as being in Situa-
tion No. 2.

As each dialed digit is received, it
is recorded in the scratch-pad memory.
The digits can then be read out to en-
able the stored program to choose a path
through the network. As each call is
acted on, the scratch-pad notations are
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by a light controlled by switches wired in

parallel (A4) and in series (B). A represents a logical “or” function (closing one switch or
the other turns the light on) ; B, an “and” function (the first and second switch must close).

changed to read Situation No. 3, No. 4,
No. 5 and so on as appropriate. The
scratch-pad has a space for each call in
process and the information in the vari-
ous spaces is examined sequentially. The
sequence is so rapid, however, that from
a customer’s point of view calls are han-
dled side by side, so to speak, and not
one after the other.

A stored program control has the ad-
vantage of great flexibility. Only the
size of the semipermanent memory limits
the new routines that can be introduced
on plug-in cards. Services that were not
even thought of when the system was
designed can easily be installed as the
need becomes clear.

Recently an electronic telephone
switching system was tried out in Morris,
Ill. It used a stored-program electronic
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control. One of the new services it
demonstrated allowed customers to re-
route incoming calls to other numbers.
People visiting friends for the evening
could arrange to have their calls trans-
ferred to their host’s telephone by dial-
ing a special code. The transfer was just
as easily discontinued by dialing another
code. A second feature replaced the
usual seven-digit dial code with a two-
digit code for numbers frequently called.
These are merely samples of the many
new services that electronic switching
systems will make possible.

The Morris experiment demonstrated
beyond question the technical feasibility
as well as the great versatility of elec-
tronic systems. There is, however, still a
great deal of activity in the field of tele-
phone switching. One area in which
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there is intensive study has to do with
a different type of switching network al-
together—one that only the great speed
of the transistor has made possible.

7\11 the switching networks we have
« X discussed so far have had one prop-
erty in common: the pathways that ex-
ist at any one time are physically sepa-
rate. At no place do two calls travel
the same route simultaneously. For that
reason such systems are said to have

space-division networks. The new ap-
proach, now being studied at the Bell

AMPLITUDE

Telephone Laboratories and elsewhere,
is known as time division. Calls travel
over the same path at the same time,
separated from one another in time. This
is how the scheme works: When a con-
nection is established between a pair of
telephones via the common path, the two
switches leading into and out of this path
do not stay closed all the time. Instead
they open and close continually at a
rapid rate, being closed onlv a small
fraction of the time, typically two micro-
seconds in every 100. Therefore they
send through the common path not the
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SAMPLES OF SOUND (impulses transmitted and received) are

transmitted or received in a time-division telephone system. Al-
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complete electrical wave coming from
the transmitting telephone but a series
of short pulses that are samples of that
wave [see upper illustration below].
Each pair of switches, for each pair
of connected telephones, works the same
way, but their times of closing are dis-
placed with respect to one another so
that the sampling is done in rotation
and signals from all the calls are separat-
ed in time. The approximate capacity
of the common path equals the time be-
tween closures of any pair of switches
divided by the time for which each pair

though only two telephone calls have been represented, a common
path is theoretically capable of carrying many simultaneous calls.
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TIME-DIVISION SWITCHING NETWORK works on the repeti-
tive and simultaneous opening and closing of selected pairs of
switches. When the switches are open, a filter stores the energy

from the sending telephone and, when they are closed, transmits
this energy to the receiving filter. This filter converts the pulses
into a smoothed-out wave and feeds it into the receiving telephone.
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remains closed. In the present example
100 would be divided by two, giving 50
simultaneous calls.

Although the switches for each con-
nection are closed perhaps only 2 per
cent of the time, the signal reaching the
recciving phone is complete and essen-
tially undistorted. In fact, theoretically
it is transmitted without any loss of
information whatever. The reconstitu-
tion of the complete wave, surprising as
it may seem, is analogous to the effect
we see whenever we go to a movie. The
picture is a series of still “samples” of
motion; the eye smooths over the in-
tervals between stills and restores the
motion.

In time-division telephone switching
networks the smoothing action is accom-
plished by electrical filters. There is one
between each telephone and its switch.
\While the sending switch is open, the
filter stores the energy coming from
the telephone. When the two switches
are closed, this energy is transmitted via
a pulse to the receiving filter, which is
identical with the sending device and
caused to be in resonance with it. The
“resonant transfer” provides theoretical-
ly lossless transmission. (In practice
there is a small loss.) The receiving filter
in turn converts the incoming pulses to
a smoothed-out wave, which it feeds into
the receiving telephone.

The system can be designed to meet
any required fidelity; that is, the final
wave can be made as nearly identical
with the original as is desired. To ob-
tain adequate fidelity the frequency at
which the switches close—the sampling
rate—must be somewhat more than twice
the highest frequency transmitted. If the
highest transmitted frequency is 3,500
cycles per second, a usual figure in
telephone work, the sampling frequency
should be something more than 7,000
cycles per second. In practice it is usual-
ly set at 8,000 cycles or more.

Time-division switching offers the
main advantage of requiring fewer
switches than space-division schemes for
systems of equal capacity. The advan-
tage is partially offset by the need for
two filters, as well as some other addi-
tional components, for each pair of sam-
pling switches.

There is no question that both time-
division and space-division electronic
switching networks are technically feasi-
ble. Both schemes must be considered
strong contenders, and each may find its
own area of usefulness. Although the
cost and reliability of electronic switch-
ing systems are still being investigated,
there is little doubt that the great bene-
fits they offer will soon be realized.

|

cvm8-680

SMALL IN SIZE
BUT A GIANT IN RELIABILITY!

One User reports 150 million

successful lamp hours!

The CM8-680 lamp series was researched and developed in the Chicago
Miniature Lamp Works laboratories in 1956. It was designed primarily
for use in aircraft instrument lighting, but its small size and complete
reliability won immediate acceptance for many other applications
where space was limited and service difficult.

Since then Chicago Miniature has produced hundreds of thousands
of these lamps with constant improvement in longevity and reliability.
Records like the one stated above are not uncommon.

This optimum reliability is ob-
tained only through long experience
and the application, year after year,
of more refined production standards.

Because of their complete depend-
ability, CM8-680 series lamps are
now specified for military use (MS
24367 and MS 24515) with Chicago
Miniature Lamp Works as the prime
source of supply.

For utmost reliability in a lamp
of this or any other style,
consult Chicago Miniature.

MS No. Number  Amperes

Cand. Pwr.

Midget Flange Base
MS-24515-682 | CM8-682
MS-24515-685 | CM8-685
MS-24515-714 | CM8-714
MS-24515-718 | CM8-718

060 + .006
060 + .006
.075 + 10%
115 + 10%

029 +
048
.080 £
132 +

25%
25%
25%
25%

Unbased—Wire Terminals
MS-24367-680 | CM8-680 | .060 + .006
MS-24367-683 | CM8-683 | .060 + .006
MS-24367-713 | CM8-713 | .075 + 10%
MS-24367-715 | CM8-715 | .115 + 10%

032 +
053 +
.088 +
147 +

25%
25%
25%
25%

Above lamps all rated at 5V, with C2R
filament type and approximately .18 LCL

WRITE FOR COMPLETE INFORMATION!

CHICAGO MINIATURE LAMP WORKS

Communications

Engineers and Scientists

4425 Ravenswood Ave., Chicago 40, lllinois

Investigate wide-ranging growth opportunities with the Martin

Company in Orlando, Florida!

seven missile, electronic and communication systems prime con-
tracts, plus extensive research and development programs. Senior
level openings exist on advanced programs and in project engineer-
ing for conceptual communications systems engineering and com-
munication equipment design. Experience in one or more of the
following areas is desirable:

W Digital Pulse Communications B Probability Theory

B Wide Band RF/IF Amplifiers W Pulsed Power RF Amplifiers

B Air-Ground Communications Systems B Information Theory
B Troposcatter System Design and Analysis

Work with the team who developed Pershing, Bullpup, GAM-83,
Lacrosse, Racep, Missile Master and BIRDIE. Investigate these
opportunities by sending your resume, in confidence, to Mr. P. A.
Miller, Martin Company, Orlando Division, Sec.462, Orlando,
Florida. (An equal opportunity employer.)

Projects are now under way on
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A Division of Martin Marietta
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A solenoid valve
that operates at
-423°F or 1000°F

Valcor's engineers originally
designed this solenoid valve, of
series 412, to operate completely
submerged in liquid hydrogen
(—423°F). The unique application
required a valve that would
eliminate the use of any non-
metallic parts coming in contact
with the media, internal or ex-
ternal. All materials had to be
critically analyzed because of
the destructive forces inherent
in such extreme temperatures.

The all welded construction,
which Valcor has developed to a
new state-of-the-art, helped resolve
many of the problems. During the
exhaustive series of tests, it was
known that many of the problems
in operating a solenoid valve
under the extremes of low
temperature had a correlation to
problems created by high tem-

valve concept thats with- minor
variations could be used for high
or low temperatures...

Another reason why Valcor
precision engineered valves are
chosen for so many aero-space

Write today for your copy of
Valcor's catalog, “Valve Selections
For Aero-Space Applications".

SOLEMDID VALVES

peratures. The result—a one w

vehicles. r

VALCOR ENGINEERING CORP.

5360 Carnegie Avenue + Kenilworth, New Jersey
CH 5-1665 (Area Code 201)
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MATHEMATICAL GAMES

by Martin Garduer

atire often takes the form of fan-
S tasy in which human customs and
institutions are caricatured by a

race of nonhuman creatures or a society
or world with its own peculiar standards
or physical laws. Twice there have been
notable attempts to base such satire on
a society of two-dimensional creatures
moving about on a plane. Neither at-
tempt can be called a literary master-
piece, but from a mathematical point of
view both are curious and entertaining.

Flatland (first published in 1884 and
now, happily, available as a Dover pa-
perback) is the earlier and better known
of the two. It was written by Edwin
Abbott Abbott, a London clergyman and
school headmaster who wrote many
scholarly books. The title page of the
first edition bears the pseudonym of A.
Square. The book’s narrator is a square
in the literal sense. He possesses a single
eye at one of his four corners. (How he
managed, without feet, to move over the
surface of Flatland and how he man-
aged, without arms, to write his book are
left unexplained.)

Abbott’s Flatland is a surface some-
thing like a map, over which the Flat-
landers glide. They have luminous edges
and an infinitesimal height along the
vertical co-ordinate, or third dimension,
but they are completely unaware of their
height and have no power to visualize
it. Society is rigidly stratified. At the
lowest level are the women: simple
straight lines with an eye at one end,
like a needle. There is a visible glow
from a woman’s eye but none from her
other end, so that she can make herself
invisible simply by turning her back. If
a male Flatlander inadvertently collides
with a lady’s sharp posterior, the en-
counter can be fatal. To avoid such mis-
haps, women are required by law to
keep themselves visible at all times by
executing a kind of perpetual twist step.
Among ladies married to men of high

| rank this is a “rhythmical” and “well-

© 1962 SCIENTIFIC AMERICAN, INC

Fiction about life

in two dimensions

modulated undulation.” Lower-class
females try to imitate it but seldom
achieve anything better than “a mere
monotonous swing, like the ticking of a
pendulum.”

Soldiers and workmen of Flatland are
isosceles triangles with extremely short
bases and sharp points. Equilateral
triangles constitute the middle class.
Professional men are squares and pen-
tagons. The upper classes start as hex-
agons, and the number of their sides
increases with their rank on the social
ladder until their figures are indistin-
guishable from circles. The circles, who
top the hierarchy, are the administrators
and priests of Flatland.

In a dream the square narrator vis-
its Lineland, a one-dimensional world,
where he fails to convince the king of
the reality of two-dimensional space. In
turn the square receives a visitor from
Spaceland—a sphere who initiates him
into the mysteries of three-space by lift-
ing him above Flatland so that he can
look down into the interior of his pen-
tagonal house. When he returns to
Flatland, the square tries to preach the
gospel of three-space, but he is thought
mad; he is arrested for his views and is
in prison as the tale ends.

The sphere had entered Flatland by
moving slowly through the plane until
his cross section reached a plane figure
of maximum area. It is easy to see that
this section is a circle with a radius equal
to the radius of the sphere. Suppose that
instead of a sphere a cube had entered
Flatland. What is the maximum area of
a plane cross section that a cube of unit
side could attain? The cube can, of
course, tip his body at any angle as he
crosses the plane. This is a pretty little
problem, first posed by C. Stanley
Ogilvy in The American Mathematical
Monthly and answered in his forthcom-
ing book, Tomorrow’s Math: Unsolved
Problems for the Amateur (to be issued
this fall by the Oxford University
Press). The answer will appear in this
department next month.

A much more ambitious work of two-
dimensional fiction than Abbott’s—a full-
blown 181-page novel, in fact—was
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Penetrating physiological frontiers

4

A new general purpose analog computer to simulate and compute even
the most complex physiological problems is the latest development of
Systron-Donner.

A powerful research tool for building dynamic models of physical sys-
tems, the capability of the Donner 3200 computer ranges from problems
in aero-space to simulation of physiological processes in bio-medical
research. Problems relating to such complex processes as determining
the metabolism in compartmental systems, mechanical properties of
arteries, regulation in the cardiopulmonary system, action potentials in
neural elements and muscles—illustrate a typical group of bio-medical
applications to which the new Donner computer can be effectively applied.

Equipment flexibility and usefulness —unmatched by any comparable
system — are the essential characteristics which allow the Donner 3200
to solve a wide variety of complex problems. The 3200 Analog Computers
can be obtained in systems requiring only 4 or as many as 100 amplifiers.
With Donner, you need only acquire the system that fits your present
needs, yet be assured that the basic 3200 system can be expanded merely
by inserting additional computing modules when the need for greater
computational capacity arises. Thus, your initial 3200 computer installa-
tion can be limited to a nominal investment. Cost depends on type and
amount of equipment. Typical complete 3200 systems (including linear
and non-linear computing equipment) average only $500 per amplifier
channel.

Systron-Donner would be pleased to provide you with a bibliography of
bio-medical computer applications and a brochure describing the Donner
3200 Analog Computer. Please direct inquiries to David Taskett.

_bBysrrRon —TJONNER
@M’oﬁ

CONCORD, CALIFORNIA
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Can satellites
cut communications costs?

Within a few months, National Aeronautics
and Space Administration plans to launch
the first Hughes Syncom communications
satellite into orbit. Hughes engineers foresee
that this Syncom can be the prototype for an
advanced synchronous satellite system which
could significantly reduce intercontinental
communications costs.

A synchronous satellite is one which orbits
the earth at an altitude of 22,300 miles. At
this altitude it can be made stationary over
an assigned latitude—traveling one revolu-
tion with the earth each day.

From this position the satellite would “‘see”

409, of the earth’s surface. And it could serve
as a ‘“‘switchboard in space”—relaying sig-
nals between ground stations as far as 10,000
miles apart.

The Hughes communications system would
require just three such satellites spaced
around the earth (see fig. 3 below). They
could bring intercontinental telephone, TV,
telegraph and radiophoto service to every in-
habited place on our globe.

Equally important, the Hughes concept
would accomplish this with greater simpli-
city and economy. For example, with just

three satellites to put into orbit, fewer boost
rockets would be expended—and valuable
launch pad time would be saved.

Compared to other proposals, the Hughes
system would require much less expensive
ground stations. And because each satellite
in the Hughes system would remain sta-
tionary over a point on earth, each could
continuously communicate with many sta-

Three concepts of satellite communications
(1) Passive reflector satellite — NASA’S Echo balloon helped prove signals could be ‘' bounced’’ from

one point on earth to another.

(2) Low altitude active satellites would move in random orbits.

Estimates indicate approximately 50 such satellites, together with complex ground stations, would be required

to adequately cover the globe.

(3) A stationary high-altitude synchronous system will require

Jjust three satellites to serve all of the populated areas of the globe with low cost telephone, TV and other forms

of communications.
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tions. This permits a feature called “multiple
access,” where as many as 100 countries can
be interconnected in whatever combinations
the telephone demand requires at any time.
In fact, one operational synchronous satellite

over the Atlantic Ocean could handle the |

intercontinental service between 909, of the
world’s phones—1,200 conversations simul-
taneously!

Initially designed as a Hughes-sponsored
project and built under contract to NASA’s
Goddard Space Flight Center, the Syncom I
satellite system may inaugurate the most
practical use of space so far visualized. It
could reduce communications costs while
permitting people throughout the world, even
in less developed countries, to share in a
communications system built by free men in
the cause of greater world understanding.

Creating a new world with electronics

. HUGHES

HUGHES AIRCRAFT COMPANY

Charles Howard Hinton’s An Episode of
Flatland, published in London in 1907.
Hinton was the son of James Hinton, a
pr()minent L()nd()]] ear Slll‘ge()n \Vho was
a friend of George Eliot’s and the author
of many widely read books. Young
Charles studied mathematics at Oxford,
married Mary Boole (one of the five
| daughters of George Boole, the logician)
and settled in the U.S. He taught mathe-
matics at Princeton University and at
the University of Minnesota. When he
died in 1907, he was an examiner in the
U.S. Patent Office.

A long obituary in the New York Sun
was written by Gelett Burgess of purple-
cow fame, who recalled that Hinton had
invented an automatic baseball pitcher.
It shot balls with charges of gunpowder
| and could be adjusted to produce a pitch

of any desired speed or curve. The
Princeton team practiced with it for a
while, but after a few accidents the
batters were afraid to face it.
‘ Hinton was best known as the author
of books and articles on the fourth di-
mension. He developed a method of
building models of four-space structures
(in three-space cross sections), using
hundreds of small cubes, labeled and
colored in a manner detailed in his two
most important books, The Fourth Di-
mension and A New Era of Thought. By
working with these cubes for many
vears, Hinton maintained, he actually
learned to think in four dimensions. He
taught the method to his sister-in-law
| Alicia Boole when she was 18. Although
the girl had no formal schooling in
mathematics, she soon developed a re-
markable grasp of four-space geometry
[ and later made significant discoveries in
the field. The wife of Hinton’s son Sebas-
tian is Carmelita Chase Hinton, founder
] and retired head of the Putney School in
| Vermont.
| In constructing his Flatland, which he
called Astria, Hinton took a more in-
genious approach than Abbott. Instead
of allowing his creatures to wander at
will over the surface of a plane, he stood
them upright, so to speak, on the rim of
an enormous circle. If you place coins
of various sizes on a table and slide
them about, you will find it easy to
imagine a flat sun around which flat
circular planets orbit. Gravity behaves
as it does in our space, except that on the
plane its force naturally varies inversely
with the distance instead of with the
square of the distance.

The planet Astria is depicted on the
next page. The direction (indicated by the
arrow) in which it rotates is called east,
the opposite direction west. There are no
north and south, only up and down. The

© 1962 SCIENTIFIC AMERICAN, INC
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One-eyed Flatlanders, in order of social rank
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With artificial satellites already launched and
space travel almost a reality, astronomy has
become today's fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
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Charles Hinton’s two-dimensional planet, Astria

Astrians’ bodies have a complex struc-
ture, but to avoid going into anatomical
details Hinton represents them sche-
matically as right triangles in the man-
ner shown on page 150. Like Abbott’s
Flatlanders, the Astrians have only one
eye. (Apparently neither writer consid-
ered the possibility of introducing two-
dimensional vision involving a pair of
eyes each with a one-dimensional
retina.) Unlike the Flatlanders, they
have arms and legs. To pass each other,
two Astrians must of course go under
or over each other, as would two acro-
bats on a tightrope. All male Astrians
are born facing east, all females facing
west. They keep this orientation until
they die because there obviously is no
way for an Astrian to “turn over” to be-
come his mirror image. To see behind
him an Astrian must bend backward,
stand on his head or use a mirror. The
mirror method is the most convenient;
for this reason Astrian houses and build-
ings are well supplied with mirrors. To
kiss his son a father must hold the boy
upside down.

The inhabited region of Astria was
originally divided between the civilized
Unaeans in the east and the barbarian
Scythians in the west. The Scythians had
one great advantage in warfare: their
male warriors could strike the Unaeans
from behind, whereas the Unaeans could
retaliate only by the awkward method

© 1962 SCIENTIFIC AMERICAN, INC

of hitting backward. As a result the
Scythians drove the Unacans castward
until they were squeezed into a narrow
territory bordering the White Sca.

The Unaeans were saved from extine-
tion by the rise of science. Their astron-
omers, observing eclipses other
phenomena, became convinced of the
roundness of their planct. A study of
tides in the White Sea enabled them to
deduce the existence of an antipodal
continent. A select band of Unacans
sailed over the White Sca and crossed
the new continent in a 100-year march
during which each tree along the route
had to be climbed over or cut down.
Sons and daughters who survived the
ordeal then built new ships to cross the
Black Sea. The Scythians, taken by sur-
prise, were quickly overwhelmed be-
cause now it was the Unaean men who
could attack from the rear! World gov-
ernment was established; an era of peace
had begun. All this is background history
to set the stage for the novel.

I will spare the reader the details of
the book’s melodramatic two-dimension-
al plot. It is in the tradition of early
socialist fantasies, attacking plutocracy
in the name of an altruistically planned
society. There is a rather flat love affair
involving Laura Cartright, beautiful
daughter of the rich, powerful Secretary
of State, and Harold Wall, her hand-
some (in a plane sort of way) proletarian

and



PROCESSES. Progress in communications products depends not alone on new
designs but on finding better ways to make them. In the Bell System, that's
Western Electric’s job. Case in point: amplas (apparatus mounted in plastic) —
a new way of mounting electronic componentg by embeaaing their leads in a
plastic panel. In the amplas process, the component leads are inserted in a
transparent mold of rubber-like consistency (with pattern visible beneath). A
liquid epoxy resin is then poured around the leads. After heat treating and cool-
ing, the flexible pattern is peeled away from the hardened epoxy resin panel.
The component leads, which extend through the panel, are then wired and mass
soldered. With amplas, machining operations and hardware needed with printed
wiring boards can often be eliminated. Amplas is representative of the many
unique process developments by which Western Electric engineers have
achieved low-cost manufacture of high-quality products. WESTERN ELECTRIC
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ONLY MAGNETIC
PERT CHART KIT
ON THE MARKET TODAY

Portable[Size
EASIER—QUICKER— Only
SIMPLER TO CONTRoL | $29.70

® Board made of lightweight Foam-Core treat-
ed with magnetic compound that will attract
a magnet, and provide ideal chalking surface.
Eliminates old fashion magnetic steel panels.
Will not oxidize.

o All symbols, string, ribbon and templets are
magnetic and color coded.

® Each kit contains a minimum of 80 color
coded magnetic symbols—40 ft. of color coded
magnetic string—40 ft. of color coded mag-
netic ribbon—grease marking pencils and PERT
Chart Templets.

® Board and accessories can be used over and
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® Board has grid background for graphs, charts |

and statistical presentations.
o Three board sizes available—also custom-
made on request.
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covers capacities of 500 watts |

suitor. Central to the plot is an ominous
note of doom: The close approach of
Ardaea, another planet, is expected to
change Astria’s orbit to an ellipse so
eccentric that the climate will become
alternately too hot and too cold to sup-
port life. The government begins a vast
shelter program, excavating deep sub-
terranean chambers and stocking them
with provisions for the survival of the
upper class.

The dreaded fate is averted by the
mathematical theories of Laura’s uncle,
Hugh Miller, an eccentric old bachelor
who lives on Lone Mountain. Miller (a
thinly disguised Hinton) is the only man
on the planet who believes in a third
dimension. He has convinced himself
that all objects have a slight thickness
along a third co-ordinate; that they slide
about over the smooth surface of what
he calls the “alongside being.” By work-
ing with models he has been able to
awaken in himself a sense of three-space
forms. He has come to understand that
he is actually a three-space man direct-

| ing a corporeal two-space body.

“Existence itself stretches illimitable,
profound, on both sides of that along-
side being,” Miller says in an eloquent
address to the leaders of Astria. “Realize
this...and never again will you gaze
into the blue arch of the sky without
an added sense of mystery. However far
in those never-ending depths you cast
your vision, it does but glide alongside
an existence stretching profound in a di-
rection you know not of.

“And knowing this, something of the

old sense of the wonder of the heavens
comes to us, for no longer do constel-
lations fill all space with an endless rep-
etition of sameness, but there is the
possibility of a sudden and wonderful
apprehension of beings, such as those
of old time dreamed of, could we but
...know that which lies each side of
all the visible.”

If there were some mechanical means
of touching or latching on to the surface
of the “alongside being,” it would be
possible to alter Astria’s course in such a
way that it might escape the influence
of the approaching planet. There is no
such method. But since the true self is
three-dimensional, it may possess such
power. The old man proposes a mass
effort at what J. B. Rhine calls psy-
chokinesis, or PK—the power of thought
to influence the motion of objects. The
plan is carried out successfully. A con-
certed PK effort on the part of everybody
alters Astria’s orbit just enough to avert
catastrophe. Science, armed with the
new knowledge of three-space, begins a
great leap forward.

It is amusing to speculate on two-
dimensional physics and the kinds of
simple mechanical devices that would be
feasible in a flat world. Hinton points
out elsewhere (in an essay on “A Plane
World”) that houses on Astria cannot
simultaneously have more than one
opening. When the front door is open,
the windows and back door must be
closed to keep the house from collapsing.

A tube or pipe of any kind is impessi-
ble: how could its sides be joined with-

Home life among the Astrians
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voice and vision begin with RCA tubes

From endless, unknown space, strange, exciting
tales are brought to us through the medium of elec-
tronics. Who knows what tomorrow’s space
explorations will bring?

One thing is certain. RCA power tubes will help
establish communications between spacecraft and
Earth just as they did in the Mercury capsule and
Pioneer V. And, as in the Tiros and Echo satellites,
RCA Camera Tubes will take pictures to be trans-
mitted back to Earth.

These are but a few examples of the many RCA
power tubes, microwave devices, and imaging
and sensing devices used in space exploration.
They are and will continue to be among the indis-
pensable components reporting to Earth from outer
space.

For information on RCA electron tubes that can
help your space programs, contact: Marketing
Manager, Industrial Tube Products, RCA Electron
Tube Division, Lancaster, Pennsylvania.
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LATCAR

ooo

FLATWORM

‘<ﬁ30 FEET —>~\4

55 FEET — >

How many circles will roll over the flatworm?

out obstructing the passageway? Ropes
cannot be knotted. (It has been rigorous-
ly proved that ropes can be knotted only
in three-space, but surfaces can be
knotted in five-space, solids in seven-
space, and so on for all odd-order
spaces.) Hooks, levers, couplings, tongs
and . pendulums can be used, as can
wedges and inclined planes. Wheels with
axles are out of the question. A crude
gear transmission might be made possi-
ble by partially encasing each wheel in
a curved rim. Methods can be worked
out for rowing ships; airplanes would
have to fly like birds by flapping wings.
Flatfish should have little difficulty
paddling through the water with proper-
ly shaped fins. Liquor could be kept in
bottles and poured into glasses but no
doubt would taste flat. Heavy objects
can be transported by rolling them along
on circles much as a three-space object
can be rolled over cylinders.

This Astrian method of moving ob-
jects introduces a delightfully bewilder-
ing problem sent to me recently by Allan
B. Calhamer, a reader in Billerica, Mass.
The illustration above shows a loaded
Astrian flatcar, 30 feet long, that is being
moved along a straight track by means
of three circles. The circles are at all
times exactly 10 feet apart from center

to center. As soon as the position shown

is reached, the rear circle is picked up
by an Astrian at the rear and tossed to a
companion in front, who places it at the
spot shown by the broken line. The flat-
car is pushed forward over the three
circles, which roll along the track, until
the wheels are once again in the position
shown. The back circle is tossed to the
front as before and the procedure is re-
peated as often as necessary.

The flatcar is being moved off the
page to the right. Exactly 55 feet in front
of the point at which the dotted circle

touches the track is a Hatworm. Assum-
|

ing that the worm does not move, how

| . . .
many circles will roll over it?

The reader is urged to try to solve the
problem first in his head. Next, check
your answer with pencil and paper;
finally, compare it with the answer to
be given in this department next month.
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For those who would like to do a bit
more homework, generalize for n equally
spaced wheels. Surprisingly, it is not
necessary to know the size of the wheels.

rl‘he answers to last month’s solitaire
problems:

Greek cross: 34-14, 54-34, 46-44-24,
14-34, 4244, 34-54, 64—44.

Fireplace: 45-25, 37-35, 57-37,
34-36, 37-35, 25-45, 46-44-64, 56-54,
64-44.

Pyramid: 54-52, 73-53, 52-54-56-
36, 34-32, 13-33, 32-34, 35-55, 43-45,
55-35, 24-44, 36-34-54, 64-44.

Lamp: 35-37-57, 55-35, 57-55, 51—
53-33, 41-43-23, 31-33, 23-43, 65-45,
35-55, 43-45, 55-35, 25-45, 46-44.

Inclined square: 53-51-31, 35-37-
57, 33-13-15, 55-75-73, 15-35, 73—
53, 57-55, 31-33. The pattern is now
a smaller inclined square. Continuc:
64—-44, 34-32-52-54-34, 24-44. This
leaves a Latin cross, the simple solution
of which was explained last month.

Wall: 64—44, 34-54, 46-44, 14-34,
44-24, 42-44, 54-34-14. This solves
the problem. By continuing to play it is
easy to reduce the figure to four pieces
on the corners of the central 3 by 3
square.

Square: 46-44, 25-45, 37-35, 34-36,
57-37-35, 45-25, 4345, 64—-44, 56-54,
44-64, 23-43, 31-33, 43-23, 63-43,
51-53, 43-63, 41-43. The finish is ap-
parent: 15-35, 14-34, 13-33 on the left,
and the corresponding moves on the
right, 75-55, 74-54, 73-53. The puzzle
is now solved. Four more jumps will
leave counters on the corners (36, 65,
52, 23) of an inclined square—an un-
usually difficult pattern to achieve if
one does not know earlier positions.

Pinwheel: 42-44, 23-43, 44-42,
24-44, 36-34, 44-24, 46-44, 65-45,
44-46, 64-44, 52-54, 44-64. The posi-
tion now has fourfold symmetry. It is
completed: 31-33, 51-31, 15-35, 13-15,
57-55, 37-57, 73-53, 75-73. The final
figure is a stalemate.

The shortest stalemate, starting with
a full board and a vacant center cell, is
reached in these six moves: 46-44,
43-45, 41-43, 24-44, 54-34, 7T4-54.
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Ezxample: Advanced data systems to speed Minuteman

Minuteman's real plume is a 352-channel trail of telemetry infor-
mation for instant visual analysis by test crews. The high/low-
level PCM multiplexing system — designed and produced by
Radiation Incorporated — represents a major advance in data-
handling techniques. It is packaged in less than a cubic foot of
space, processes analog signals, and will yield maximum per-
formance data from each test firing.

Radiation also developed checkout instrumentation to ¢on-
vert Minuteman's 352 telemetry channels into display form for
real-time analysis by test crews. And, the company produced
four complete ground data-processing facilities to monitor and
record information from all digital telemetry and guidance
equipment.

Radiation's scientists and engineers have entered the age of
satellite instrumentation with competence in data acquisition
and processing for aerospace and range instrumentation.

Nimbus, Telstar and OAQO will utilize Radiation's proven PCM
techniques for long life operation as called for in space en-
vironments.

Become a part of this challenging space electronics pro-
gram. We are currently seeking experienced engineers in the
design and development of high-speed airborne and ground
digital/analog data systems as either individual contributors or
project engineers. Send us your resume or write for details.
Director of Data Systems, Dept. SA-72,Radiation Incorporated,
Melbourne, Fla. Radiation is an equal opportunity employer.

RADIA

INCOR

TION

Communications systems — Data acquisition and processing - Automatic checkout — RF systems — Manufacturing
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You are looking at
individual calibration
...precision on a

mass-preduction basis
. N\ . .

- \
e

.2 measurement milestone

b made possible by

a-unique new hp
manufacturing process

An automatic optic

follower technique is

used to custom print each

calibration point on each
meter scale to exactly
match the characteristics
of the individual

meter movement.




PROGRESS

IN SCIENTIFIC MEASUREMENT

is dependent on measuring tools of increasing accuracy. When today’s scientist must
compromise maximum measuring accuracy for the high cost of specialized measuring
devices, technological progress is hampered or blocked.

Hewlett-Packard’s continuing program of basic scientific research, coupled with
increasingly sophisticated manufacturing techniques, provides science and industry
with more accurate, more dependable measuring tools on a mass-production basis and
at reasonable cost.

In precision electrical metering, the universally accepted d’Arsonval movement pos-
sesses an inherent flaw known as “tracking error.”

This flaw, a product of mechanical component inconsistencies, causes variation
between actual electrical quantities and the meter deflection or indication. Industry
practice has been to employ preprinted scales calibrated to the movement only at
given points. While the meter then reads accurately at the points calibrated, indicat-
ing errors are present elsewhere on the scale.

The only previous alternative was tedious, expensive hand calibration of meter scales.

Now hp has developed a unique system which employs a blank scale and literally
custom prints each meter scale to match precisely with the electrical quantities the
instrument is measuring. The hp system, also, instantly detects and rejects faulty
meter movements. The result is a thoroughly reliable meter which actually provides
better than the 1% accuracy previously claimed for the ultimate in precision elec-
tronic test meters.

In ways such as this, Hewlett-Packard seeks constantly to advance the state of the
art and improve over 400 hp measuring instruments. To assist in this work, and in the
development of many new, high value instruments annually, hp is continually inter-
ested in ambitious engineers desiring a stable future and a continuing opportunity
for creative endeavor.

@ means accuracy, dependable
performance, realistic value,
sales and service everywhere

@ 431A Microwave Power Meter

is one of the Hewlett-Packard instruments now
delivered with individually calibrated meters
...provided at no increase in cost. The 431A
ends zero adjustment due to time-temperature
drift, quickly and accurately measures

power 1 w to 10 mw, 10 MC to 40 GC.

Price 431A, $425.00.
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HEWLETT-PACKARD COMPANY

1501 PA GE 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), Massachusetts, New Jersey (2); England, Germany.
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Conducted by C. L. Stong

outposts may keep in touch with

the people back home over beams
of modulated light. The fluorescence
emitted by ruby and other crystals can
be beamed with the necessary sharpness,
and in theory it has substantially greater
capacity than radio for carrying informa-
tion. Signals transmitted optically can be
detected by photoelectric cells. To har-
ness light efficiently as a medium of com-
munication, however, experimenters
must first devise a practical apparatus
for imposing multiple signals on light
waves. Hans Jaffe and Joseph Stephany
of the Clevite Corporation in Cleveland,
Ohio, suggest that the desired modulator
may be based on one of those “useless”
laboratory curiosities handed down from
the 19th century: the Pockels eftect,
which involves changes in the refractive
properties of certain crystals when they
are subjected to an electric field.

“The optics of crystals,” writes Jaffe,
“was a preferred subject of physicists
during the first half of the last century
and provided some of the most exciting
and elegant experiments of the period.
This interest grew during the second
half of the century to include interac-
tions in crystals among heat, light, elastic
stress and electric fields. The develop-
ment of quantum theory early in the
present century diverted so much atten-
tion to other matters that crystal phe-
nomena faded somewhat into the back-
ground. But the field continued to
expand and to make increasing con-
tributions to technology. Now a new
generation of solid-state physicists is
beginning to examine some long ne-
glected phenomena of crystals.

“These phenomena include changes
in the way in which light is propagated
through certain crystals when an electric

E ;omeday technicians manning lunar
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How an electric field can modulate light

byv changing the refractivity of a crystal

field is applied across the crystal lattice.
This effect was first investigated inten-
sively by F. Pockels at the University
of Heidelberg during the 1890’s. To
find out whether the change in refrac-
tion is a primary effect or merely a
photoelastic effect caused by piezoelec-
tric strain, he investigated crystals of
quartz, tourmaline, Rochelle salt and
sodium chlorate and concluded that
there is a primary effect. He observed a
change in refraction even when all the
deformation that normally results from
piezoelectl'ic strain was suppressed. But
the effect on refraction barely reveals
itself in most natural crystals.

“The period of World War II brought
an active search for good piezoelectric
materials for use as detectors of under-
water sound, and one particularly at-
tractive group was found: the phos-
phates of alkali metals, especially the
ammonium and potassium dihydrogen
phosphates. In the course of investigat-
ing these compounds I found that their
crystals exhibited a pronounced Pockels
effect. Of especial interest is the fact that
the effect is observed in this class of crys-
tals when both the light and the electric
field parallel the optical axis of the crys-
tal. This enables the experimenter to
construct a light modulator from a thin
crystal plate of large area without trou-
blesome birefringence eftects, provided
that the light is kept nearly parallel to
the optical axis.

“Last year I asked Joseph Stephany,
then a summer assistant at the Clevite
Corporation, to set up a demonstration
modulator with a crystal of ammonium
dihydrogen phosphate. In the course of
this work he came on some interesting
but not entirely expected resonance
phenomena. His components were se-
lected from materials that are readily
and inexpensively available, so that ama-
teurs can repeat the experiment.”

“The Pockels effect,” Stephany writes,
“is usually demonstrated by sandwich-
ing the crystal plate between two sheets
of electrically conducting glass and in-
serting this assembly between a pair of
crossed Polaroid filters. A beam of light
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that enters the crystal through one of the
Polaroid sheets vibrates in a single direc-
tion, at right angles to the direction of
vibration of light that can pass through
the second filter, and the beam is there-
fore blocked. But the application of a
direct-current potential of several thou-
sand volts across the conducting glass
alters the refraction of the crystal by a
controllable amount, so that the incom-
ing light is transmitted by the second
Polaroid filter. An apparatus of this type,
I knew, could be used to modulate a
beam of light electrically. Full modula-
tion by voice currents, however, would
require an amplifier capable of supply-
ing voice currents to the crystnl at a po-
tential of thousands of volts. Such ampli-
fiers are not commonly available and
they would be hazardous to use.

“I decided to resolve the difficulty by
developing the high voltage at high fre-
quency—to apply a conventional radio-
frequency carrier to the crystal and
modulate the carrier. High voltage at
radio frequencies is relatively safe and
is easy to generate with apparatus made
of inexpensive parts. An adequate re-
ceiver is equally simple: a photoelectric
cell connected to a radio set. A system
that operates at radio frequency has the
additional advantage of being immune
to low-frequency noise such as 60-cycle
flicker from fluorescent lamps, street
lights and neon signs. The receiver
would operate at twice the frequency of
the voltage applied to the crystal and
could therefore be tested close to the
transmitter with a low probability of
spurious electrical transmission between
the two. In addition to constructing an
apparatus based on this scheme I set
up an optical bench so that the behavior
of the crystal could be observed visually
during modulation.

“All the electronic parts, with the ex-
ception of the photocell and special
coils, were salvaged from an old televi-
sion set and a small radio. Most were
mounted on 6-by-14-inch breadboards
and wired according to the accompany-
ing schematic diagrams [opposite page].
The object is simply to excite the crystal



cell with output voltage from a conven-
tional modulated oscillator of low pow-
er. The circuit details can be altered to
accommodate materials at hand. Radio
amateurs will encounter no difficulty in
constructing this part of the apparatus;
other experimenters may wish to call on
a local radio ham for help.

“The two primary windings of the os-
cillator coil are wound on a cardboard
tube approximately 1% inches in diam-
eter and 3% inches long, as shown in the
accompanying drawing [top of next
page]. I wound the secondary coil on a
ferrite core 1/2 inch in diameter and 7%
inches long that was salvaged from a
broadcast receiver. (An equivalent core
is priced at 65 cents by the Lafayette
Radio Corporation, No. MS-333.) All
windings are No. 24 enameled copper
magnet wire. The primary coils must be
wound in the direction shown in the
illustration, and the core should be
wrapped with plastic electrical tape
prior to winding. An ordinary filter
choke or the primary of an audio-output
transformer can be used as the choke for
modulating the screen grid. Either a
6V6, 6L6 or 6DQ6 vacuum tube can be
used for the oscillator. The voice signals
are picked up by a carbon microphone.
The output of the oscillator is shifted
from direct current to high-frequency
alternating current by moving the con-
nector from the plate cap of the 1B3
tube to the dummy cap. The Ne-2 neon
signal lamp lights when the doorknob
capacitor is disconnected and is tied into
the circuit by a single lead. The appara-
tus operates from direct-current sources
of 250 volts at 70 milliamperes and 6.3
volts at two amperes. The incandescent
lamp of the optical bench requires a
separate source of 6.3 volts at three
amperes.

“The base of the optical bench is
made of 3/4-inch lumber, three inches
wide and three feetlong, as shown in the
accompanying illustration [bottom of
next page]. Supports for the lenses and
filters are cut from a tin can and are lined
with plastic tape at points in contact
with the glass to prevent scratches. Both
lenses are 2} inches in diameter and
have a focal length of five inches. Mine
were bought from the Edmund Scientific
Company in Barrington, N.]J. (catalogue
No. 1166). The lamp of the optical
bench is a six-to-eight-volt automobile
parking bulb mounted so that the axis of
the filament is aligned with the axis of
the optical train. The photocell is a con-
ventional No. 925 and can be ordered
through dealers in radio supplies. Crys-
tal blanks of ammonium dihydrogen
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As a principal research, develop-
ment and manufacturing division
of the global International Tele-
phone and Telegraph Corpora-
tion, ITT Federal Laboratories
is carrying on a long tradition
of pioneering in electronics and
communications. With principal
research facilities on both coasts
and in the mid-West, ITT Fed-
eral Laboratories is staffed and
equipped to undertake a wide
range of systems and component
projects, from initial research to
final production.

Current and long-range engi-
neering emphasis centers on re-
search, design, development and
manufacture of highly advanced
electronic communications, dig-
ital, avionics and missile sys-
tems. Electronic engineers and
scientists will find in our organ-
ization an unexcelled opportunity
to express creativeness and per-
sonal initiative in a variety of
projects and programs in these
major areas:

¢ Space Communications

e Surface Communications

e Switching Systems

¢ Digital Systems

e Range Systems

e Missile Systems

We also have other openings in
the areas of:

e Human Factors Engineering

e Programming and Data
Processing

e Electronic Display Equipment
* Technical Writing

Engineers and scientists inter-
ested in exploring the broad
range of career opportunities
offered by these programs are
urged to write to Manager, Pro-
fessional Staff Relations.
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Details of oscillator coil assembly

phosphate are available from the Elec-
tronic Research Division of the Clevite
Corporation (540 East 105 Street,
Cleveland 8, Ohio) and from the Elec-
tro-Ceramics  Company (2645 South
Second West, Salt Lake City, Utah).
These crystals are not identified by code
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number; if readers refer to this article
when ordering, the supplier will select
the proper item.

“The crystal must be cut, ground,
polished and mounted between glass
plates. My crystal plate was cat from a
whole crystal and when finished meas-
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CONTROL DATA 3500
SYST

...... $55,000 — $60,000
PURCHASE PRICE. . .$2,000,000 — $2,500,000

LEASE PRICE

TYPICAL SYSTEM

ANNOUNCES
COMPUTER
EM

The Control Data 3600 brings to the industry a new order of speed, capacity,
computing power, and machine sophistication for solving large-scale scientific
problems and for handling large-volume data processing.

Again, Control Data Corporation is first in the industry to offer a computer
with such superior system characteristics at a price substantially less than
other computers approaching the capabilities of the 3600.

THE EXPANDABLE 3600 SYSTEM

The powerful design of the 3600 provides multi-
programming and real-time capabilities for satisfy-
ing an extremely wide range of computing and data
processing requirements — with the added benefit of
a design which provides for smooth expansion to
meet specific increased requirements as these arise.

The chart below shows the modular design of the
3600 . . . consisting of three physically separate but
highly integrated elements called modules.

Peripheral Equipment:
Card Readers g

Card Punches
Magnretic Tape -
Line Printer .
Etc. COMMUNICATION Q STORAGE
MODULE MODULE

COMPUTE :
MODULE

CONSOLE

These modules provide:

® High-speed data communication via bi-direc-
tional data channels which may be expanded
in modules up to 32 bi-directional data channels.

© High-speed magnetic core storage containing
32,768 48-bit words, expandable in modules of
32,768 words up to a total of 262,144 48-bit
words.

® High-speed computation, the heart of the 3600
system, providing true double precision float-
ing point arithmetic (25 decimal digits) as well
as conventional fixed point arithmetic (11 deci-
mal digits). All arithmetic operations are in the
parallel binary mode.

HIGH-SPEED OPERATIONS

The high-speed magnetic core memory of the 3600
allows an information access of less than 1 millionth
of a second with a total memory cycle time of 1.5
millionths of a second. In addition, there are special
circuits in the 3600 employing tunnel diodes that
operate at 4 billionths of a second. In summary, high-
speed functions in the 3600 include:

® Fixed point add or subtract in 1.5-2.2 micro-
seconds (670,000 per second)

® Single precision floating point add or subtract
in 4 microseconds (250,000 per second)

® Single precision floating point multiply in 1-6
microseconds (167,000 per second)

® Double precision floating point multiply or di-
vide in 2-26 microseconds (38,500 per second).

3600 SOFTWARE

An integrated software system designed for use with
the 3600 will be oriented around a Master Control
System (MCS) . .. which allows programming sys-
tems to be independent of particular system con-
figurations as well as of types and numbers of
peripheral equipment. Some of the important pro-
gramming systems operating under the MCS will
include

® FORTRAN e Moniter System

e CogoL ® CompAss

® 1604 Compatibility Package

For further information on the Control Data 3600,
call the Control Data representative in your area,
or write for Publication No. B-4B-62.

CONTROL DATA 8100 34th Avenue South

Minneapolis 20, Minnesota
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v Drushless

d-C mOtOI‘ o HENeen &ADPI..nJmf ) /lcm,l m.p)

for cooling fans and similar
applications requiring quiet,
smooth operation ...

ends sparking,
r-f interference,
brush changes

BARBER
COLMAN

Operating on d-c power through a simple oscil-
lator circuit, this brushless motor eliminates
radio noise problems, requires little, if any,
attention. Exceptionally quiet . . . long-life
lubrication . . . stainless steel shaft. Typical
characteristics: No-load speed 4600 rpm; full-
load speed 3800 rpm; full-load torque .08 1b-in.;
current 2.4 amps @ 12v d-c. Write for bulletin.

BArRBER-CoLMAN COMPANY
Dept. G, 1262 Rock Street, Rockford, lllinois

PHOENIX
GOODYEAR AIRCRAFT

(Arizona Division)
offers career opportunities that will chal-
lenge your talent in the technical areas
listed below.

SR. DEV. ENG'RS.
Develop wideband i-f amplifiers, i-f oscil-
lators, i-f isolation amplifiers, and related
circuits.
Develop microwave circuits and equip-
ment including wave-guide assemblies,
and related circuits.
Servomechanisms. Develop and design of
antenna stabilization servo systems. Film
drive control systems.
Develop radar transmitters and modula-
tors including pulse forming networks,
transformers, protection circuits, X-band
amplifiers and related circuits.
Display and pulse circuits. Develop dis-
play circuits and controls. Bomb naviga-
tion cross hair circuitry.

SR. DESIGN ENG'RS.
Optical design and development. Design
lenses and complete optical systems.

SR. PACKAGING ENG'RS.
Layout packaging and detailing layout of
electronic sub-assemblies including i-f and
r-f units.

Request Application or Send Resume to:
M. J. McColgan,
Engineering Personnel
Goodyear Aircraft Corporation
Litchfield Park, Arizona
An equal opportunity employer.

Similar positions at Goodyear Aircraft
Corporation, Akron, Ohio.
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Schematic diagrams of optical bench setups and ADP crystal

ured 1% inches square and 1/4 inch
thick, with the major faces of the plate
perpendicular to the optical axis of the
prism [see diagram at top right in illus-
tration above]. The orientation of the
side faces is not important, but they
usually parallel the natural faces of the
prism. Incidentally, those who would
like to try their hand at an art of another
sort may enjoy growing their own crys-
tals. An excellent outline of the process
is given in Crystals and Crystal Growing,
by Alan Holden and Phylis Singer, Sci-
ence Study Series S7, Anchor Books,
Doubleday & Company, Inc.
“Plates of ammonium dihydrogen
| phosphate must be handled with care.
They dissolve in water, crack when sub-
‘ jected to abrupt changes in temperature
and break easily when dropped. In the
course of the experiment observations
| will be made of certain patterns of vibra-
tion, so the plate must be ground as
closelv as possible to a perfect square.
This is not difficult if the experimenter
works with care. First, a piece of grade
00 sandpaper (or a finer grit if avail-
able) is fastened to a flat surface such as
a breadboard. A teaspoonful of kerosene
is poured in the center of the sandpaper
for lubrication. The plate is then placed
face down on the sandpaper and ground
with a light pressure and a circular mo-
| tion. Add kerosene as necessary to keep
the work wet and move the plate to fresh
portions of the sandpaper to prevent
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small chips from scratching the ground
face. Lift the plate after two minutes
of grinding, wipe it thoroughly with
soft facial tissue and examine it. The
plate, as bought, may have been coated
with a film of aluminum. This must be
ground off. Continue grinding until the
surface is flat, has no deep scratches
and appears white and translucent like
ground glass. Then grind the opposite
tace. Use plenty of kerosene and shift
to areas of fresh abrasive as the pores of
the sandpaper fill up. Measure the thick-
ness from time to time with calipers and
vary the pressure exerted during grind-
ing to keep the faces flat and parallel.
Finally, grind the edges. Check this part
of the work with an accurate try square.
The major faces of the finished plate
should be flat and the edges should be
at right angles to the major faces.

“The ground plate is now cleaned and
polished by holding it in a stream of tap
water for about 10 seconds. The water
will dissolve a thin layer from all sur-
faces, leaving a polished surface. The
crystal becomes slippery when wet and
the edges must be gripped with care.
Change your grip every two seconds or
so to prevent the formation of finger im-
pressions around the edges. I usually
shift the plate from hand to hand. Be
sure not to touch the major faces during
this operation. After the 10-second rinse
shake off the excess water and wipe all
surfaces gently with facial tissue until



HOW TO BUY

A VALVE
TO WORK AT
HIGH PRESSURES

Buying valves to work at high pressures calls for a cer-
tain amount of experience and understanding of the
unusual effects of high pressure at work. Here are some
of the facts you should know:

TWO-PIECE STEMS. Seclect one that does not rotate
against the seat when closing and which is designed for
no backlash. Also look to avoid corrosion by making
sure the stem is made from a material consistent with
the body.

COINED VALVE SEATS. Hardening of the seat after
machining is vital, because fluids under high pressure
and temperature conditions seek out flaws as leak points.

MATERIAL QUALITY CONTROL. The valve should be
made from material which has been carefully chosen.
Rigid quality control, which irncludes chemical and
physical analysis, should be part of the manufacturer’s
standard procedure.

HYDROSTATIC PRE-TESTING. There’s no room for
guesswork when tons of pressure bear down. Hydro-
static pre-testing must be 100 per cent—the only absolute
assurance of function possible.

EVEN SPOT GAS-TESTING! Fluid viscosity is a major
factor in valving. Under high pressures certain gases
will move through all but the soundest valves. You
should look for a substantial spot check with gas in the
manufacturer’s specs to make sure you’re protected un-
der virtually any service conditions.

SEND FOR BULLETIN 555-B . . .

Autoclave Engineers bulletins on the subject of high
pressure valves.

one of a series of

Valves are only part of the high pressure story. Your copy of our
Sull kit “HIGH PRESSURE— At Work!,” designed for the
designer and researcher, includes facts on autoclaves, reactors and
Sittings, too. To put the pressure on us, please rush
the coupon today.

AUTOCLAVE ENGINEERS l;ac.

AUTOCLAVE ENGINEERS, INC.
Dept. SA, Box 4007, Erie, Pennsylvania, U.S.A.

-
|
|
I 0O/1d like ““HIGH PRESSURE—At Work!" O Bulletin 555-B
| name — - —
i title
| company._ R
|

|

address - S

—_— ]

-
EXPORT ADDRESS: Autoclave Engineers Sales Corp., 1010 Schaff Bidg., Philadelphia 2, Pa.
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From sea to stars—

the range of
LOCKHEED
ADVANCED DEVELOPMENT

Air.Space. Sea. Vast frontiers that challenge
Lockheed's scientific creativity, engineering
knowledge, manufacturing skills! None offers
greater scope than Advanced Aircraft.

The Hypersonic Fighter pictured above
is only one example of many advanced
concepts. Others are:

1) The Supersonic Transport design con-
cept, which typifies the Company's
creative thinking and planning.

2) The Rigid Rotor Helicopter. Lockheed's
helicopter test bed, flying for several
years,alreadyhasablydemonstratedout-
standing stability and maneuverability.

3) The Hydrofoil—whose stability, control
and noise are now underintensive study
by the Company.

Other major projects—in Spacecraft and
ASW Systems—engross the attention of
Lockheed Scientists and Engineers. Result:
Genuine opportunities for genuine career-
progress—in an environment in which
inventive minds flourish.

Scientists and Engineers of top-level talent
and training are invited to explore these im-
mediate openings: Human Factors; Design
Engineering (aircraft and non-aircraft)
structures, electronics, mechanical; Ther-
modynamics; Servosystems; Reliability;
Guidance and Control; Dynamics; Electronic
Systems; Aerospace Ground Equipment;
Bioastronautics; Systems Integration and
Trade-off; Space Mechanics; Sub-Systems
Synthesis and Analysis; Nuclear, Electric
and Liquid Rocket Propulsion; Electronics
Research; Hydrodynamics. Send resume to:
Mr. E. W. Des Lauriers, Manager Professional
Placement Staff, Dept. 2907, 2405 N.
Hollywood Way, Burbank, California.

An equal opportunity employer.

LOCKHEED

CALIFORNIA COMPANY

A DIVISION OF
LOCKHEED AIRCRAFT CORPORATION
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they are dry. Shift your grip as the
plate is wiped, as you did during the
rinsing operation. Objects a foot away
can be seen clearly through a properly
finished plate. If the dry crystal is placed
between crossed Polaroid filters and held
up to the light, a dark cross with con-
centric colored rings should be visible.

“The polished plate is next mounted
between two sheets of electrically con-
ductive glass. The glass should be some-
what larger than the plate, say about
two inches square. Manufacturers of this
material include the Corning Glass
Works and the Pittsburgh Plate Glass
Company. Small amounts can be or-
dered through local dealers in laboratory
supplies. Place a few drops of pure min-
eral oil on the major faces of the plate
and press a glass on top of each face so
that the oil spreads to the edges without
bubbles. Then bind the stack together
at the edges with rubber bands. Electri-
cal connection to the glass is made by
paper clips to which leads are soldered.
Distant objects should appear clear and
undistorted when viewed through the
completed stack. A similar unit can be
made without conductive glass by fram-
ing the major faces of the plate with
aluminum or copper foil, but although
this arrangement will respond to high-
frequency voltage it cannot be used for
experiments with direct current.

“To observe the Pockels effect align
the lamp, a lens, a Polaroid filter, the
crystal assembly, another Polaroid filter
and a screen of white cardboard in se-
quence on the optical bench as shown in
the top diagram at left in the accom-
panying illustration [page 160]. Light

| the lamp and adjust the position of the

lens until a light spot of minimum diam-
eter is focused on the Polaroid filter
nearest the lamp. Then rotate the other
filter until a minimum amount of light is
transmitted. A cross and a pattern of con-
centric circles should appear on the
screen. Finally, rotate both filters to-
gether until the arms of the cross are
horizontal and vertical, as in the accom-
panying photograph [upper illustration
on page 164]. Switch on the oscillator

anode connection

WA

to chassis, not cabinet

wrap arouvnd high voltage soouuf.
20 kv TV
— on picture tuvbe doorknob type

10*€) or pencil

line on paper
L 1

and adjust the tuning capacitor for maxi-
mum direct-current output. The appli-
cation of this potential to the electrically
conductive glass plates will change the
uniaxial interference pattern on the
screen to the biaxial pattern shown in the
second photograph [lower illustration on
page 164].

“The crystal assembly can now be
used as an ultrahigh-speed shutter, one
capable of opening and closing in a few
millionths of a second. To demonstrate
shutter action switch off the direct cur-
rent, remove one Polaroid filter, insert
a second lens between the crystal and
screen and adjust it until the image of
the crystal appears on the screen. Re-
place the Polaroid filter and move the
lens that is between the lamp and the
crystal toward the crystal until the cross
and colored circles appear on the screen.
Continue moving the lens toward the
crystal and simultaneously adjust the
position of the crystal assembly as may
be necessary to keep the expanding
image of the cross centered on the
screen. A position will be found at which
the full screen is uniformly dark. This
represents the ‘closed” position of the
Pockels shutter [sce middle diagram at
left in the illustration on page 160]. The
screen will brighten when direct current
is applied to the crystal assembly. One
can adapt the shutter for high-speed
photography by constructing a circuit
that will apply a short pulse of high volt-
age to the crystal assembly. The high
voltage can be obtained from a television
receiver and might be pulsed by an ar-
rangement similar to that shown by the
accompanying schematic diagram [be-
low]. T have not tried this particular
scheme, but it should work nicely. The
experimenter should observe the usual
safety precautions when working with
high voltage. Light is not fully blocked
by the crystal in the “closed’-shutter con-
dition—the transmission amounts to about
one part in 500. It is therefore advisable
to synchronize the action of the crystal
with a camera shutter.

“Modulator action is demonstrated by
switching the oscillator for alternating-

tmm.spark  ADP crystal
shutter

gap o

Circuit for generating short pulse of high voltage
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE- UP (G

"AMAZING SCIENCE

UYyS &=
‘. for FUN, STUDY or PROFIT

See the Stars, Moon, Planets Close Up!

i .
ASSEMBLED | 37 Astronomical Reflecting Telescope 60 to 180 Power ANALOG COMPUTER KIT
AND An Unusual Buy! Famous Mt. Palomar Type T e — Ideal introduction to the increasingly
You'll see the Rings of Saturn, the fascinating planet Mars, : important electronic computer field.
READY TO USE huge craters on the Moon, Star Clusters, Moons of Jupiter in L] . ® For bright students, or anyone inter-
detail, Galaxies! Equatorial mount with lock on both axes. + A B ested in this new science. Demonstrates
Aluminized and overcoated 3” diameter high-speed f/10 mirror. .

basic analog computing principles—
can be used for multiplication, division, powers, roots, log.
operations, trig problems, physics formulae, electricity and
magnetism problems. Easily assembled with screwdriver and
pliers. Operates on 2 flashlight batteries. Electric meter and
3 potentiometers are mounted on die-cut box. Answer is
indicated on dial. Computer is 20” long, 9” wide, 2” deep.

Stock No. 70,341-S.............................314.95 Postpaid

Telescope comes equipped with a 60X eyepiece and a mounted
Barlow Lens, giving you 60 to 180 power. An Optical Finder
Telescope, always so essential, is also included. Sturdy, hard-
wood, portable tripod.
FREE with Scope:—Valuable STAR CHART plus 272 page ‘‘HA
BOOK OF HEAVENS'' plus ‘‘HOW TO USE YOUR TELESCOPE”’ ROOI\

Stock No. 85,050-S... ...$29.95 Postpaid

—_————
41/4” REFLECTING TELESCOPE—Up to 255 Power.
Stock No. 85,105-S................$79.50 F.O.B., Barrington, N.J.

N

P hotographers! This is an actual photograph
ot the moon taken through our Astronomical
Telescope by a 17-year-old student.

THE PLANETARIUM PORTRAYS THE
FASCINATING STORY OF

e s .
\‘., ( EARTH IN ACTION

- Here is the story of cosmic motions—
how the moon revolves around the
earth, and the earth around the sun.
with our planet rotating simultane-
ously. \With this instrument, the ob-

server sees a three-dimensional moving demonstration of
how seasons, day and night, and moon phases occur. This
handsome gear-and-chain-driven unit is supported by a
smartly finished wood base. The sun is 6” in diameter, and
the earth is 4”. Planetarium stands 12” high, is 8” wide;
arm is 18” long. A completely illustrated, delightfully in-
formative handbook included.

Stock #70,415-S

NEW! STATIC ELECTRICITY
GENERATOR

Sturdy, Improved Model!

See a thrilling spark display as you
set off a miniature bolt of light-
ning. Absolutely safe and harml
Sturdily made—it stands 14” high.
Turn the handle and two 9” plastic
discs rotate in opposite directions.
Metal collector brushes pick up the
static electricity, store it in the
Leyden jar tyneumdenser until dis-
charged by the jumping spark.
Countless tricks and experiments.
24 page instruction booklet included.

Stock MNo. 70,070-S.. .$12.95 Postpaid

NEW ZOOM MICROSCOPE EYEPIECE
Z0OMS POWERS FROM 30X TO 2000X

Greatest microscope accessory yet!

I'riced amazingly low. Combines all
eyepiece powers from 10X to 20X in one assembly. Twist
of dial . . . without more focusing . . . without extra eye-
piece changing . . and you command powers up to
2000X. P’rofessional all-metal quality construction, heav-
ily plated, anodized. Fits any standard .917” dia. mi-
croscope tube. Built-in, adjustable clamping ring insures
tight, mar-free attachment. Stops eyepiece changing.
Coated elements, 2%” lg., 1%” max. dia.,, 5 oz. wt.

Stock No. 60,270-5....... $25.00 Pstpd.

$29.95 ppd.

Professional Idea Men
Researchers, Designers . . .

A GREAT NEW COLOR
EXPERIMENTAL KIT!

Grimaldi, Newton and Young—all
experimented with diffraction grat-
ing . .. now, for the first time, avail-
able in both transmission and reflect-
ing replica at small fraction of
original gost. Fascinating p bilities for new product
ideas, reunenabwn of old items. This wonder material
of the century (13,400 grooves per inch) opens vast new
vistas of color-utilization: exciting nesv architectural and
decorative material; determine refract.ive index of crystals
w/diff. wave lengths, change contrast of stained specimens;
measure particle size of pigments; precise nmroscope scale,
ete. Kit cdntains 8” x 24” pieces of transmission and re-

HIGH-SPEED AERIAL
CAMERA LENS COST
GOVT. $2,000—YOURS

FOR $495

Perkin-Elmer make, designed by
Baker. Suited to spectral

Dadd
Bring Up Under-Water Treasures ————i

Real fun! DProfitable, too! Simply trail this 1
powerful 5 Ib. Magnet out the stern of your
boat—retrieve outboard motors, fishing tackle,
anchors, other metal valuables. Alnico V-Type
Magnet has terrific lifting power—2000 Gauss ic camera for missile re-
rating—lifts over 125 Ibs. on land—more under water. entry, satellite and asteroid pho-
Many industrial uses, too; recover tools_and parts from J for large field of view, 36”
inaccessible spots, hold work in place, rid shop floors of 1. ia. field (14” x 14”). Color-correct-
metal fragments, pins, etc. TRI-X with a dichroic filter coated on element
Stock No. 70,183-S 5-Ib. size. #4, peaking at approx. 5100-6900 Ang tmxn% Well cor-

Stock No. 70.416-S 32 Ib. size rected even at full aperture. Angle of view 31°. Aperture:
. ' . .

s: relative /4. front opening 12”. Focusing range: fixed at
MAKE YOUR OWN POWERFUL

“FISH” WITH A GIANT MAGNET - 73

infinity with provision for fine focusing. Back f/1 203;”
Transmittance (through orange filter) "”Vn I<langc f/l
10”7 + .003”. 337%” total lgth. Total di 3%”. T ele-
ments. Wt. 257 Ibs. Shipping wt. 713 ll)s

flecting grating; 4 diffraction circles—2 transmission and
2 reflecting types; finished pieces of excitingly different
diffraction jewels; round pieces of mounting glass; double-
faced mounting tape; meaningful booklet of ideas and in-

ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-

Stock No. 85,149-S.................... $495.00 F.O. B

Barrington, N.

struction.
Stock No. 70,564-S.. .$10.00 Postpaid

ments ranging in value from $75.00 to hundreds
of dollars.

SCIENCE TREASURE CHESTS
A4 For Boys—Girls—Adults!

Stock No. Dia. Mirror Thickness Price .
SPELLBINDING EXPERIMENTS with 70,003-S 4/4" 34" 7.50 postpaid Science Treasure Chest—Extra-pow-
SILICON SOLAR CELL AND SUN BATTERY! 70,004-S 6" 1" 11.95 postpaid erful magnets, polarizing filters, com-
] ) ) 70.005-S 8" 19" 19.50 postpaid pass. one-way-mirror film, prism, dif-
Exneru:m-e rnldless‘ fas matn‘m.) in 70,006-S 10" 13/4,. 30.755 F.OB fraction grating, and 10[, of other
converting sunlight into electricity to 70,007-S 121" 28" 59.95 | Barrinaton items for hundreds of thrilling experi-

power small motors, amplifiers, etc
Ideal for scientific student project
Plastic case 1%8” x 1%%” x 3/16” Pro-
duces .3 to .45 volts—10-16 milliamps.
24-page Handbook gives full data on
12 pat experiments.

Stock No. 60-216-S ...
Selenium  Photocell.
Silicon Cell.

Stock No. 30,411-S ... . $1.50 Postpaid
Solar Cell” and Photocell Handbook. Fascnmung 112-
page Handbook on Silicon-Cell and Selenium project
demonstrations, etc. xplains photovoltaic theory pe
formance. Gives infrared and ultra-violet applications.

I’aperbound 6” x 9”.
Stock No. 9230-S... . $2.00 Postpaid

Wonderful for experiments, miniature water-
falls, fountains, HO gage railroad backdrops,
ete. Tiny (25& X 134"”) electric motor and pump
ideal for hobbyists, labs, schools. Pumps con-
tinuous flow of walter at rate of one pint per

minute at'a 127 head With 2 D batteries in
series will pump to 24” high. Runs 48 hi

ments, plus a Ten Lens Kit for making telescopes,
microscopes, ete. Full instructions included.

Stock No. 70,342-S............................$5.00 Postpaid

e W e O N SEnd T ]
Remove Your Retaining Rings—Disassemble Lenses,
Cameras, etc.

ADJUSTABLE
SPANNER WRENCH
Made for U.S. Air Force—
available at a fraction of
Government  cost. A top
grade, versatile tool that
every instrument and camera

repair man or just plain tinkerer should own. Adjustable
for 14" to 12” diameter retaining rings. Complete with six
different pairs of points to fit all types ot slots and holes.
3”, 6”, and 12” main bars. All steel and nicely plated. The
finest tool we have ever come across for this type of re-
taining ring work AND a real bargain at our low price.

Stock No. 70,355-S.. ..$12.50 Postpaid

OFFSPRING OF SCIENCE . . . REALLY
BEAUTIFUL CIRCULAR DIFFRACTION GRATING
ELRY 1” DIAMETER
A Duzzling Rainbow of Color!
As a scientific phenomenon, this new
kind of jewelry is capturing atten-
tion everywhere. Shimmering rain-
bows of gem-like color in jewelry of
exquisite beauty—made with CIR-
CULAR DIFFRACTION GRATING
REPLICA. Just as a prism breaks up
light into its full range of individual
colors, so does the Diffraction Grating.
Stock No. 1704-5 Earrings ..
Stock No. 1714-S Cuff Links
Stock No. 1729-S Pendant
Stock No. 1727-S Tie-Clasp
Stock No. 1735-S Bracelef

(Six 3" Gratings)....$7.70 Pstpd.

2.25 Postpaid

e e $
Lower power, lower price than

{ Q;

American Mode—Over 50%

Saving

l)al(’ely Works_in_either direction. Self priming.
2 Moy osks,in eltr Sz 58 ,P‘oskpabd STEREO MICROSCOPE WR|TE I
[ | i 4 M s s Son e, | FOR i
instrument. Precision American made.
7x50 BINOCULARS—TREMENDOUS BUY! = Used for checking, inspecting, small as- ' |
: u sembly work. Up to 3” working distance. -
War Surplus American-Made Clear, sharp, erect image. Wide. 3 dimen- o
Big savings! Brand new! Crystal sional field. 2 sets of ohjectives on rotating
clear viewing—7 power. Every opti- ] turret. 23X and 40X. 10 Day I‘ree Trial. EDMUND
cal element is coated. An excellent
the size recommended Stock No. 85,056-S. -$99.50 SCIENTIFIC Co.

night glass
for satellite viewing. Individual eye
focus. Exit uuml Tmm. Approx. he]d
at 1,000 yds. is 376 Carr,

case included. American 7 x .)ll 'S
normally cost $274.50. Our war sur-
plus price saves you real money.

Stock No. 1544-S........................only $74.80 Pstpd.
(Tax included)
6 x 30 Binoculars—similar to above and a terrific bargain.

f.o.b. Barrington, N.J.

Barrington, N. J.

160 Pages! Over 1000 Bargains!
Huage selection of lenses, prisms,
war surplus optical instruments,
parts and accessories. Telescopes,
Microscopes, Binoculars, Sniper-
scopes, science experiment items, mat

learning and teaching aids. Request Catalog-S.

X BUILD A SOLAR ENERGY FURNACE

[Easy! Inexpensive! We furnish instructions. I
This sun powered furnace will generate ter- |
rific heat—2000° to 3000°. Build with your
> I

scrap \\ood ,and our Iresnel Lens—14” diam-

Stock No. 70 130 S "Fresnel Lens......$6 00 pstpd.
L A

Stock No. 963-5 v .533.00 Pstpd. 5q. Fresnel Lens F.L. 'Namf-

Tax ineluded) Stock No. 70,533-S.....cccccimnne ...54.75 Ppd. * z Read:d
ORDIR BY STOCK NUMBER .SEND CNECK OR MONIEY ORDER , SATISFACTION GUARANTEED! lAddress e e P
EDMUND SCIENTIFIC CO.,BARRINGTON, N. J. ¥ State
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CREATING
NEW WORLDS
OF OPPORTUNITY...

How wide is your present world of op-
portunity? Wide enough to grow fast and
far professionally? Wide enough for the
richest, fullest personal living? 4 The
world of opportunity that Chemstrand
offers scientists and engineers is as
wide as the future itself...the future
of the wonders to come in the dynamic
field of chemical fibers as the promise
of the polymers continues to unfold. 4
Your talents and ambitions will find their
widest fulfillment with Chemstrand,
grown in just twelve years to a leading
world position with operations in the
Southeastern United States, Ireland,
Italy and Japan. 4 Unusually attractive
positions are now available for chemical,
mechanical, industrial and textile engi-
neers at Chemstrand’s nylon plant in
Greenwood, South Carolina, its nylon
plant and Nylon Development Center in
Pensacola, Florida, and in the Acrilan
acrylic fiber plant and Technical Center
in Decatur, Alabama, and for graduate
level Chemists, Physicists, Chemical and
Mechanical Engineers at the Chemstrand
Research Center, Inc. located in Re-
search Triangle Park bordered by Duke
University, the University of North Caro-
lina and North Carolina State College. ¢
If your talents demand a wide world of
opportunity, write today to: Manager,
Employment-Recruitment, Box N15, The
Chemstrand Company, 350 Fifth Avenue,
New York 1, New York.

CHEMSIRAND

COMPANY

A DIVISION OF
MONSANTO CHEMICAL COMPANY

|64

current output. The screen should be
dark until current is applied. Switch on
the oscillator and rotate the tuning ca-
pacitor slowly through its full range. At
certain frequencies a grid pattern will
appear on the screen, and it may shift
or flip depending on the characteristics
of the apparatus, as shown in the ac-
companying photograph [page 166].
The flipping effect is induced by the
tendency of the oscillator to lock into the

resonant frequency of the crystal—the
natural period at which the crystal
would vibrate mechanically if struck a
sharp blow—and higher harmonics of
that frequency. The patterns of vibra-
tion are analogous to those of a Chladni
plate.

“Next, replace the screen with the
photocell and switch on the radio re-
ceiver. Maintain the grid pattern. Then
adjust the lens nearest the photocell

Uniaxial pattern of ADP crystal (top) becomes biaxial when electric field is applied (botiom)
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e C=cost
e D=delivery
: S=Success

Over a ten-year period, Martin Company, Aerospace
Division of Martin Marietta Corporation, has achieved
this remarkable record:

Ninety-seven per cent of our total volume of products for
defense and other agencies were produced at or below cost objectives.

Ninety-four per cent of our projects were completed on time or ahead of schedule.
We think this record provides a good formula (as equated above) for continued Martin success.

And it is a “yardstick” that Research Engineers and Scientists can use to measure the ex-
cellent potential of their professional futures with Martin Company in Baltimore.

Our management’s awareness of the importance of basic and applied research has been a vital
factor in bringing Martin Company to.its position as a leader in the aerospace field . . . and will
help keep us in the lead in the future.

Our programs are growing rapidly—both in number and scope; and we are selectively staffing
the Research Department at our Baltimore facility.

We need aggressive, highly skilled RESEARCH ENGINEERS AND SCIENTISTS with AD-
VANCED DEGREES. There are splendid opportunities for researchers who are experienced in
such disciplines as Solid State Metallurgy, Physical Chemistry, Plasma Physics, Aerophysics,
Psychology (Human Engineering), Solid State Physics, Cryogenics, Thermionic Energy Conversion,
Bio-Chemistry, Structural Dynamics, Advanced Electrical and Nuclear Propulsion Systems.

If you believe—as we do—that Martin Company’s formula for continued success can be your
key to significant professional accomplishment and attainment, we’d like to hear from you.
Please write—in the manner which you believe best presents your qualifications—to Mr. J. W.
Perry, Director of Executive Staffing, Dept. R-10

MARITIN ===
MARIETTA
BALTIMORE 3, MARYLAND

an equal opportunity employer
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Unique opportunities are available
to qualified physicists at the
Sperry Rand Research Center in

Sudbury, Mass. in the following
areas:

« Collision Processes

« Transfer Processes

« lon and Electron Resonance

« Wave Propagation in Bounded

Plasma

e Plasma Electron Beam Interac-
tion

« Mode Coupling within and to
Plasma

solid sfate physics

« Crystal Growth

 QOptical Studies

+ Magnetic Resonance

¢ Defect Studies

« Energy Conversion

« Electrical Transport Studies

Our new laboratories, located
just 25 miles west of
Boston, provide a basic re-
search environment with
maximum freedom to pursue
fundamental ideas. Individ-
ual achievement is recog-
nized, in part, by the
publication of papers written
by our scientists. Excep-
tional growth opportunities

professionally and fi-
nancially . . . exist for all
our members.

Please direct your resume to:
Mr. Frederick M. Swope, Jr.,
Dept. 501

SPERRY RAND
RESEARCH CENTER

Box 400
Sudbury, Massachusetts

‘“An equal opportunity employer”

until the image fills the window of the
cell [see Dottom diagram in illustration
on page 160]. Do not adjust for a sharp
pattern because the bright spots in the
pattern may paralyze local areas of the
photocell. Tune the receiver until a fry-
ing sound is heard, which indicates a
signal from the oscillator. If no response
is heard, adjust the oscillator to another
grid pattern and try again. Select the
pattern and oscillator setting that pro-
duce the strongest signal. Spurious sig-
nals can be transmitted directly from
the oscillator to the nearby receiver, so
test for a valid signal by interrupting the
lightbeam. The frying sound should stop
when an opaque object is placed in the
beam. Connect the carbon microphone
and speak. You are talking over a light
beam on a subcarrier channel. By cou-
pling other modulating circuits to the
crystal assembly and connecting com-

| panion radio receivers to the photocell it

would be possible to transmit additional
voice signals simultaneously over the
same beam, each actuating its own loud-
speaker.

“How far can one talk over this sys-
tem? The distance is limited primarily by
the intensity of the light and the amount

that the beam spreads. With the auto-
mobile lamp bulb as a source we com-
municated over a distance of 100 feet.
The filament is not a point surface and so
the beam cannot be focused sharply. We
substituted a concentrated arc lamp for
the incandescent lamp bulb and con-
versed easily over a distance of 300 feet,
the limit of our available space. The
beam from the transmitter must fall on
the photocell, and in setting up the ap-
paratus for long-distance transmission
we found that it is not easy to draw a
perfect bead on the target.

“This apparatus was assembled as an
introductory demonstration of how a
crystal can modulate light. It has been
suggested that a system based on the
modulation of reflected sunlight should
be effective over distances up to about
10 million miles [see “Kerr Cell Modu-
lator for Space Communications,” by
Ronald G. Taylor; Electrical Design
News, September, 1961]. An optical
radar has also been proposed. An optical-
maser beam modulated by an ADP crys-
tal should locate objects more accurately
and at appreciably greater distances
than conventional microwave radars are

capable of doing.”

Fundamental resonance pattern of ADP crystal
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DISCOVERERS WERE ADVENTURERS FIRST. The complexities of the nation’s space age

communications and control problems are a daily challenge at Philco Western Development Laboratories,
where major contributions to frontier exploration have been made in some of the nation’s most important
satellite programs. Here are some of the fields of adventure: Polystation doppler tracking systems, appli-
cation of millimeter and optical techniques and pseudo random noise, space vehicle stabilization and
control, space-borne signal processing circuitry, space-borne antennas, space vehicle structures, micro-
miniaturization, advanced ground antennas, man-machine relations. If you want to combine adventure
with career ... and add to the technology that will be tomorrow’s discovery, Philco WDL is the place to do it.

Write in confidence for information on how you can find your career at Philco WDL, with the additional re-
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SCIENTIFIC PROBLEM-SOLVING:

Creating new air-strike power for ground
forces m Air mobility for 25 per cent of our combat forces is a
1970 goal . . . and air mobility for the entire Army is no longer
conjectural but a realistic working objective.

The Research Analysis Corporation has major new responsi-
bilities in operational analysis of subsonic military aviation,
which underlies the development/improvement of helicopters,
VTOL and STOL aircraft, flying cranes and other new-type
craft. RAC 1s also studying how these vehicles can best be
equipped and used in times of peace and war.

But air mobility is only one of many problem areas in which
RAC scientists and engineers apply the techniques of operations
research and systems analysis. RAC’s efforts are aimed at pro-
viding a comprehensive scientific foundation for major military
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and political decisions looking ahead to 1965, 1970 and beyond.

RAC s a nonprofit organization established to focus the talents
of professional men and women on such problems. We currently
offer career appointments to research engineers, systems spe-
cialists, physicists, economists, mathematicians, and social and
life scientists. Our dynamic expansion creates uncommon
opportunities for rapid personal growth, and our intellectual
environment stimulates creative accomplishment. Remuner-
ation reflects the high level of contribution we seek from you.

Please direct your inquiry in confidence to: Mr. John Burke,
Research Personnel Officer, Research Analysis Corporation,
6935 Arlington Road, Bethesda 14, Maryland. (Residential

\RAC

Research Analysis Corporation

suburb of Washington, D.C.) An equal
opportunity employer.
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by Marshall D. Sahlins

ArricaN Genesis, by Robert Ardrey.
Atheneum Publishers ($6.95).

obert Ardrey is a playwright, here
turned author of a book about

human nature. African Genesis is

his great tragedy. The villain is man; the
genre is naturalism. Ardrey conducts, as
he puts it, a personal investigation into
the animal nature and origins of man.
As in much naturalistic fiction, this char-
acter, man, shows no development while
on stage: his behavior has been set down
by events beyond memory, in the main
by genes implanted well before the
opening curtain. So Ardrey takes us back
to the social life of subhuman primates
and other vertebrates, most notably
birds, and to the South African “man-
ape” fossils discovered by the anatomist-
paleontologist Raymond A. Dart and his
co-workers. Dart, according to Ardrey “a
genius,” is the tragic hero. His flaw has
been a propensity to argue the case of a
predatory African genesis in obscure
scientific journals, and then not always
to the point. That is where Ardrey comes
in (to borrow from another playwright) :
to give order that these bodies high on a
stage be placed to the view, to speak to
the yet unknowing world how these
things came about. So do we hear of
carnal, bloody and unnatural acts; of ac-
cidental judgments, casual slaughters, of
deaths put on by cunning and forced
cause. All this does Ardrey truly deliver.
An unfair play? Well, Ardrey makes it
very difficult for an anthropological crit-
ic to enter the lists against him. He
believes he has discovered not only the
true nature of man but also an “unwit-
ting combine” of professors-that-be who
refuse to acknowledge the evidences of
this true nature. The true nature is made
up of certain “cultural instincts” devel-
oped in the course of animal evolution
and transmitted in the human line; they
are bad instincts and they account for

BOORS

A playwright’s account

of man and his origins
C

the great troubles of our world. The
combine, intellectually committed to the
“romantic fallacy” that man is basically
noble, unique among animals and gov-
erned not so much by his animal nature
as by his cultural circumstances, arro-
gantly pays no heed. Hence Ardrey
makes out his discovery to be a revolu-
tionary doctrine, and with great flourish
and considerable flair he lets fly many
barbs in the general direction of the
“phalanx of modern thought” and the
“censorship of scientific orthodoxy.”

He’s against the interests. His theory
is sensible, yet the fuddy-duddy scien-
tists won’t see it. Immediately Ardrey is
the underdog. Moreover, by the mere
act of approving the book anyone can
demonstrate that he is the intellectual
equal, indeed the superior, of the ivory-
tower boys. Then there are some minor
attractions that will appeal to certain
fringe types. Karl Marx is an enemy of
the revolution, an incurable romantic
with dreams of abolishing private prop-
erty and class tyranny. It is indeed a
motley assortment of powers that have
entered into an unholy alliance to ex-
orcise the haunting specter of man’s ani-
mal ancestry: Rousseau and Jefferson,
Freud and Marx, the British Museum
(why does its great library not contain
a copy of C. R. Carpenter’s monograph
on the gibbon?), the namby-pamby an-
thropologists and their committed pub-
lics; the whole troop of howling monkeys
that is man refuses to look into the river
of time and see the reflection of its own
hideous visage.

Now, who wants to be accused of be-
ing a counterrevolutionary? What is
more to the point, who is a counterrevo-
lutionary? Ardrey maneuvers his critics
onto false ground; they must joust from
mounts mired in quicksand. Intellectual
conservatism is contrary to the spirit of
any science, not least to the spirit of an-
thropology. The bitter arguments are
over who has the better revolutionary
program. Every field has its fuddy-dud-
dies and its muddle classes, but a science
only rarely, and then only temporarily,
vests its interests in them. So let the issue
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be joined in fact, knowledge and logic,
and may the judges bear a wary eye for
other sorts of hit. Ardrey’s book has life,
it has style (imagine, a book on fossil
man written in English rather than in
anthropology!), and it took neither little
work nor little courage to write it. But
I think it is wrong.

History, circumstance, culture—these
in Ardrey’s view have been more effects
than causes of the human condition,
more the acting out of a prehuman leg-
acy of instincts and drives. The biologi-
cal imperatives outwecigh reason or
learning over the long run. They can re-
appear after long periods of suppression,
and they apparently have become im-
mune to selection, since they can be car-
ried again and again to irrational, self-
destroying lengths.

From the dim vistas of a vertebrate
past comes, first of all, man’s territorial
instinct, an urge to gain and defend a
piece of ground. By a loose bit of trans-
lation the territorial instinct is equated
to a historically specific form of prop-
erty, private property; thus bourgeois
proprietary inclinations with regard to
capital goods become human-animal na-
ture. This upshot is not unusual. Ignor-
ing the million years in historical devel-
opment of cultural forms, Ardrey typi-
cally takes as human the conditions he
finds at hand, reads them into vertebrate
sociology and so accounts biologically
for human behavior. This is probably
convincing to those sufficiently dis-
turbed by the world as they know it and
operating on a similar ignorance of cul-
tural evolution and cultural variation.
The plausibility of Ardrey’s thesis, as we
shall see, depends as much on ignorance
of mankind as it does on knowledge of
animal-kind.

The territorial instinct, Ardrey be-
lieves, becomes manifest in defense of
social as well as individual property.
Man is a social animal: society is his
means of defense. He is therefore com-
pelled to suppress aggressive individual
drives on occasion in the interest of so-
cial cohesion. He develops, as have other
social animals, a sort of primal morality
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of amicability toward members of his
own group, which is coupled with hos-
tility toward other groups. The amity of
the in-group is a love born of hate: it
rests on and sustains collective territorial
defense, and it multiplies hostility by the
factor of society. At the social level, then,
the territorial instinct is the root of such
familiar human behavior as xenophobia,
war, rampant nationalism and the Hun-
garian revolution; at the individual level
it is the root of crime and a general re-
luctance to love one’s neighbors.

Man also inherits a long-standing
compulsion to dominate his fellows and
to compete aggressively for status. Out
of this come the status-seekers and “the
roasting flesh of Jews.” A certain “play
of instinct” is possible, in which terri-
torial urges add impetus to dominance
urges. If in a misguided historical mo-
ment such as the Bolshevik revolution
private property is abolished, the frus-
trated territorial compulsion—now ac-
tually a vague competitiveness—releases
its energies in the dominance struggle,
with results that make the English indus-
trial revolution look like a picnic on the
Thames. Drunkenness, suicide, mental
breakdown and abortion are the price of
socialism in Scandinavia.

Ardrey is not pleased with man—es-
pecially women. The male instincts at
least are social. The male is the defender
of the horde, of its territory, of its fallen.
Even dominance—the sheer struggle of
it—breeds order. Women only breed chil-
dren. Otherwise they are complete anar-
chists. Note that they are the ones truly
preoccupied with sex, which can be
mighty disruptive, and order means
nothing to them alongside the competi-
tive struggle to latch on to the best-fixed
male. Female neuroses are the product
of our unnatural attempt to give women
social roles, the vote, masculine jobs.
They haven’t the instincts for it. Can’t
clean up the mess that’s inside.

We come to the jewel in man’s crown
of instincts: murder. The human line dis-
tinguished itself from other primates by
forsaking the arboreal life in favor of a
bipedal, ground-living adaptation that,
coupled with the adoption of a carnivo-
rous diet and a necessary reliance on
weapons, produced the killer ape. Cain!
We are Cain’s children, born with weap-
ons in our hands. The small man-ape
Australopithecus africanus is our ances-
tor. Dart has shown him to be an un-
paralleled predator, truly nasty, brutish
and short. So we are cursed with an
“irrational, self-destroying, inexorable
pursuit of death for death’s sake.” All
human history has had one supreme
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objective: the perfection of the weapon.

Ardrey’s thesis is completely fool-
proof, which is the main trouble with it.
The instincts are each vague enough to
accommodate a sizable multitude of sins.
Territory is property—individual or col-
lective, landed or monetary. In fact, the
drive to acquire territory is just about
any attempt to acquire wealth. In any
human society where some goods are
socially valued above others (which is to
say any human society) the obvious like-
lihood is that the “territorial instinct” can
be discovered. A similar exercise can be
performed with dominance and the rest
of the animal legacy. In such a proce-
dure it is important not to recognize cul-
tural variations in proprietary interest,
political form or what have you, and not
to attempt to account for these varia-
tions. It is better to ignore them, because
the variations suggest a tertium quid
lurking in the background of the animal-
nature~human-behavior relation, a third
term—custom, circumstance or culture—
that constrains the former and orders the
latter. To invite contemplation of cul-
tural variation is to open the door to the
larger part of the romantic fallacy.

Moreover, to give his theory ironclad
invulnerability Ardrey can manipulate
the instincts ad hoc: all his pieces are
queens. If you abolish private property,
you haven’t abolished the territorial im-
pulse, you have simply channeled it else-
where. In Ardrey’s view man, like other
higher mammals, has instincts somewhat
weaker than those of lower species, in-
stincts more susceptible to suppression
by reason or learned response; hence the
development of a primal morality. On
the other hand, the frail voice of reason
and the timid gesture of the learned re-
sponse are as nothing against the deep
command of instinct. The instincts soon-
er or later prevail, sooner or later are
touched off, “like a desert river [van-
ished] season after season, then in a flick
of a thunderstorm come ripping and rag-
ing out of the inscrutable earth.” So
when we are good to our neighbors, it is
the amity of the in-group; when we are
bad—well, what did you expect? When
there is peace, the heart of the predator
inside us is stilled; when there is war, it
is raging out. Ardrey can explain every-
thing and its opposite. With this tech-
nique nothing need remain a mystery,
except perhaps the tenacity of such an
unanimal-like idea as the romantic
fallacy.

It becomes impossible to imagine con-
ditions under which Ardrey’s theory
would fail to stand up. The vagueness of
the instincts and their ad hoc play guar-
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antees that the thesis will always hold
true. There’s the rub. If the failure of the
theory cannot be conceived, the theory
cannot be tested. It is therefore not a
hypothesis. It belongs in an altogether
different realm of proposition, one that
has always been assigned a lower status
by the scientific quest: truth. Ardrey’s
theory is simply the truth, the revolu-
tionary truth.

A truth is characteristically immune to
a test of evidence. Ardrey’s explanations
of apparent empirical contradictions
demonstrate the power of his thesis in
this regard. Let us take the gorilla, an
admittedly exceptional case. The gorilla
is just about our nearest living relation,
yet a recent authoritative study of these
animals in the wild indicates that they
lack territoriality as well as displays of
intertroop hostility. Ardrey’s explanation
is that the gorilla is at the end of his
evolutionary tether and, somehow know-
ing it, has given up the ghost. Ardrey’s
long and eloquent argument to this ef-
fect is artful as prose but as biology
must rank as grotesque. I compress and
paraphrase it: Pity the poor gorilla, a
dying species, an evolutionary failure in
the twilight of his existence. Committed
to a forest that has disappeared from
under him, he came out of the trees and
became a stem eater. His oversized body,
his tree swinger’s chest and arms are a
mass of architectural incongruities about
as meaningful to his present existence as
an atticful of memories to a bankrupt
nobleman. Doomed by ancient crises be-
yond control of memory, he knows it,
knows it in the balance of instincts that
govern his behavior. Vital instincts lose
their hold. Primate compulsions fade like
color from the skin of the dying. By day
he seldom copulates and by night he
fouls his own nest.

L. S. B. Leakey and his wife recently
discovered at Olduvai Gorge in Tangan-
yika an early hominid, Zinjanthropus,
which resembles the larger variety of
Australopithecus called Paranthropus.
Zinjanthropus was found with pebble
tools of the sort that gave rise to the
whole Stone Age archaeological se-
quence. He was not a confirmed preda-
tor-carnivore; he probably hunted only
small game. Zinjanthropus appears to
have developed later than the small aus-
tralopithecine (Cain) presumed by Dart
to have been a predator using weapons
of bone and elevated by Ardrey to the
dignity of an ancestral deity. That much
we know. How does Ardrey handle Zin-
janthropus? Abel. A kind of freak, a side
branch. Backward, inoffensive lumber-
ing ape man with the chewing structure



N FRANCISCO

—s ey

IN YOUR CAREER

At Sylvania Electronic Systems the opportunities are nothing less than outstanding. The work is exciting and
the advantages of living but thirty minutes from San Francisco speak for themselves. Challenging positions
await engineers who feel that Sylvania can be the turning point in their careers.

SYSTEMS ENGINEERS for reconnaissance systems and subsystems, human factors engineering, operations
research and system performance analyses. Five years’ experience and background in communications or
data processing systems.

DESIGN ENGINEERS for all levels with back-
grounds in transmitting and receiving equipment,
recording techniques, telemetry, antennas, DF
and conversion equipment or computers. Oppor-
tunities are now available for both technical spe-
cialists and supervisors.

SYLVANIA ELectronic systems

Government Systems Management

for GENERAL TELEPHONE & ELECTRONICS

SENIOR RELIABILITY ANALYSIS ENGINEERS Write in confidence to

for test design, effectiveness studies and sys- Roger Harlan

tems analysis. BS in EE or Physics with knowl- SYLVANIA ELECTRONIC SYSTEMS - WEST

edge of calculus or probability. Four years’ senior Dept. S-7+ Box #188 « Mountain View, California
responsibility in associated programs. An Equal Opportunity Employer 7936

171
© 1962 SCIENTIFIC AMERICAN, INC



of a vegetarian ape. How could he have
been man’s ancestor? He was slain by
Cain, who took his stones away from
him. This brings to mind the following
sloka, which, as you have not heard it,
I shall now proceed to relate:

There was a young man named
Zinjanthropus,

Who never became Pithecanthropus.

By his small cousin Cain

He was dastardly slain,

And that is what saved my hypothopus.

Now we must consider the great omis-
sion: ethnology. Ardrey presents us with
a view of human nature that does not
make relevant the accumulated anthro-
pological evidence of man’s behavior.
Except for the roasting flesh of Jews, the
Hungarian revolution and other events
of that nature and of our time, the hu-
man condition, or rather conditions, are
perfunctorily dismissed. As noted be-
fore, the omission is all the more serious
because it is difficult to reconcile the
facts of cultural variation with any the-
ory of instincts (indeed, anthropologists
have had fair success explaining cultural
variation without recourse to instinct),
and the further one travels down the
scale of primitiveness, the greater the
obstacles to Ardrey’s theory. In such
critical matters as territorial exclusive-
ness, private property and intergroup
relations, the simpler peoples depart
considerably from the supposedly im-
mutable animal legacy.

Ardrey recognizes this, but he ban-
ishes the evidence from primitive cul-
tures in the same sort of way he disposes
of the gorilla and Zinjanthropus, with a
tale that struts and frets but signifies
nothing. The Eskimos should be an ideal
case. They rank among theworld’s great-
est and most courageous hunters, and
raw meat is the national dish. Here is the
killer ape in sealskin clothing. But for all
that the Eskimos are too nice in too
many ways, and Ardrey chucks them out
along with the whole mélange of tribal
peoples. They are all too timid, some-
how not real men, although how a de-
scendant of Cain could so betray his
heritage is not revealed. Ardrey writes:

“The Eskimo ... Yahgans ... African
Bushmen .. .these and other peoples in
tropical hideaways of central New
Guinea, of Malaya, of Borneo, all [re-
veal] natures much the same—gentle,
shy, extremely timid and entirely non-
aggressive. [This overstatement is based
on the work of Sir Grafton Elliot Smith.]
... The conclusion that the shy, timid,
amiable, non-aggressive nature of pris-
tine man has been revealed by the char-
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acter of these people is a logical sequitur
simply to a false premise. What has been
revealed is nothing more than that peo-
ple living where nobody else wants to
live may quite possibly suffer from non-
aggressive dispositions. Who disputes
with the Eskimo his blubber, his long
night, his home built of ice cubes? No
one. By adapting himself to a way of
life superbly unattractive to Sioux or
Apache, a shy creature has insured his
survival in perfect confidence that he
will escape the notice of all but roman-
tic anthropologists. ... All that has been
actually demonstrated by this loosely
disciplined but immensely popular raid
into the outposts of man’s nature has
been that timid people tend to live at un-
fashionable addresses.” Ardrey, inciden-
tally, would have had problems even
with the Sioux or the Apaches. The Sioux
had their own blubber: they cried when
they met people, early observers report,
in order to manifest the lively joy that
they felt at meeting them. The trans-
formation between 1650 and 1800 of the
partly horticultural Sioux of Minnesota,
who could not bear to torture prisoners,
to the horse-riding, buffalo-hunting
scourge of the northeastern Great Plains
would be instructive to debate. Was it
just the release of an instinct, or was it
a response to invasions from the north
and east and to the advance of the Euro-
pean fur trade? Instinct or history, com-
pulsion or cultural process?

The variation in the human condition
from society to society and from one his-
torical epoch to another is an intellectual
message that cannot be shut off. The
meaning is simple, the implications for
the study of mankind enormous and
complex: custom and the forces of its
development tamper with the lives of
men. Human nature is one thing, the hu-
man behavior of any particular society
uite another. In each society human na-
ture has been laid hold of, shaped out of
obvious recognition—governed. It is nat-
ural to eat, but why eat, as Englishmen
do, tea and crumpets at five in the after-
noon or, as Americans may do, ravioli
and lemon Coke at six? Man may very
well be bad by nature. (Incidentally, it
is doubtful if any anthropologist believes
him to be innately good; many probably
figure him to be inherently bad, by our
standards. All would agree that he has a
flexible and large capacity for good and
bad, if only because he alone can assign
the words “good” and “bad” to any kind
of action.) Suppose all men do fight and
do enjoy pointing a gun; it remains un-
answered what governs the historic mo-
ment, the episode that is war, and what
tells man in which direction to aim the

© 1962 SCIENTIFIC AMERICAN, INC

gun. Man may have an urge to possess,
butno human society would long survive
that did not define, constrain and satisfy
that compulsion on its own terms. The
urges are repressed, twisted this way and
that, sublimated, until in the end man
lives in spite of, not because of, his inner-
most self. It is not up to the instinct how,
or even if, it shall be satisfied. Man can
war on the playing fields of Eton, hunt
with a paintbrush in the dim recess of
a cave, dominate, as primitives often do,
by being nicer to others than to onesclf.
All sorts of facile ironies on Ardrev’s
book suggest themselves: he underesti-
mates his player, the play’s the thing,
and so on and on. The most revealing is
that Ardrey’s human drama is too stereo-
typed. The play is an inevitable tragedy
from the moment, long before the open-
ing curtain, that one takes his seat and
has thrust upon Lim the lurid playbill.
Not only does man respond flexibly to
different cultural conditions, but also
culture itself has shown unrecounted
flexibility. The modern nation is not the
mere counterpart of the primate horde,
a simple territorial in-group character-
ized by an everlasting hostility toward
the outside. It is not even the primitive
tribe on a larger scale. It is a kind of
standing miracle, an evolutionary smash
hit that broke up the million-vear run of
tribal and archaic-state history. It went
on record as a denial of the tribe, a de-
nial that the ethnic tie is stronger than
American citizenship, that the King of
France was the King of Franks, that the
stranger was not the fellow. To be sure,
the nation did not abolish strife; it only
concentrated it. But if men
peacefully within the nation after a mil-
lion years of tribal mistrust, who can say
we have reached the limits of the human
conception? After all, once the definition
of man was a tribal identity: Navaho
means “people,” Eskimos call themsclves
“the men.” Today everyone will recog-
nize that he is a member of a planetary
race. Man has discovered humanity.
Even the ultimate weapon—which does
it ultimately strengthen: the fibers of
the nation or the fibers of the world,
the idea of a chosen people or the rcal-
ization that we are all in it together?
Behind all this is the final irony. Man
is unique, because he has the unique ca-
pacity to make the world a stage. He
names things, calls things good and bad,
acts accordingly and is satisfied with
himself accordingly. He takes the raw
stuff of nature, human nature and moth-
er nature, and transforms it into a new
kind of reality, into systems of name-
ideas, into cultures: hydroelectric power,
God, brother, incest, fair price, 30 dol-
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VIRUSES BB AN by Ken-

neth Smith, answers this and many
other questions which an intelligent
layman might ask of a leading
virologist:
What do you mean by a ‘virus'?
How are viruses different from
bacteria and other germs?
Are they living organisms?
What do they look like?

How does a virus disease
spread?

VIRUSES S completely up-to-

date; among its illustrations are elec-
tron micrographs which, as little as
two years ago, could not have been
made. This is one of those rare
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lars or 30 days, no-good rat, love, evil.
It is a new sort of reality, a different kind
of design for social survival, one subject
to historical circumstance and capable of
varying the human response.

I'll take the good old-fashioned muck-
raker. I like this anecdote of Lincoln
Steffens’ (a great revolutionary hero,
Steffens; incomparable urban paleontol-
ogist digging in an australopithecine un-
derworld of organized crime, organized
power, organized murder): “I always
like to put the story,” he writes,
| “Wundt’s assistant Kiilpe told us after a
visit to the neighboring University of
Jena to see the aged philosopher Erd-
mann, whose history of philosophy, in
some ten volumes, we had all read and
studied. They had a warm, friendly talk,
the old scholar and the young scientist,
all about the old philosophers and their
systems. But when Kiilpe tried to draw
him out on Wundt and the newer school,
Erdmann shook his head, declaring that
he could not understand the modern
men. ‘In my day,” he explained, ‘we used
to ask the everlasting question: What is
man? And you—nowadays you answer it,
saying, He was an ape.””

! Short Reviews

TIIE CORRESPONDENCE OF Isaac NEw-

- Ton: Vol. III, 1688-1694, edited by
H. W. Turnbull. Cambridge University
Press ($25). The present volume of this
magnificent edition of Newton’s corre-
spondence, the last prepared by the late
H. W. Turnbull, covers the period from
December, 1688, to August, 1694. The
contents, in general, are not so weighty
as those of Vol. II, which reproduced the
celebrated exchange of letters between
Newton and Leibniz, but there is no lack
of interesting and important material. In
January, 1689, Newton was elected one
of the representatives of the University
of Cambridge in the Convention Parlia-
ment, and the letters that begin this vol-
ume show how seriously he took his re-
sponsibilities and how much time he de-
voted to them. The last letter in the book
informs Robert Barton that “I have sent
you & my sister [Hannah] a barrel of
Oysters, wch 1 suppose at their first com-
| ing it may be a novelty with you.” The

148 letters and papers make a varied
fare.

There are letters to and from Huygens
relating to the Principia; three exciting
manuscripts dating from the 1660’s and
1670’s (and hitherto unpublished, ex-
cept for part of one) recording Newton’s
early thoughts and calculations relating
to motion and gravitation; correspond-
ence between Newton and Leibniz on
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problems of the calculus; exchanges with
the ponderous Bentley, Master of Trinity
College, Cambridge, pertaining to the
Principia and Bentley’s sermons; memo-
randums and manuscripts by the Scot-
tish mathematician David Gregory; let-
ters to John Locke on theological mat-
ters; sundry missives that throw light on
Newton’s character, his delusions of per-
secution and his period of severe dejec-
tion; and a delightful interchange with
Samuel Pepys that shows Newton in his
best light—kindly, patient and brilliantly
clear—as he explains to Pepys, who had
no knowledge of mathematics, the solu-
tion to a question put to him by a certain
Mr. Smith. The question was this: A has
in a box six dice, with which he is to
throw a six; B has in another box 12
dice, with which he is to throw two sixes;
C has in another box 18 dice, with which
he is to throw three sixes. Query:
“Whether B & C have not as easy a Taske
as A, at even luck?” Newton labored for
days working out the answer, and he
painstakingly demonstrated that A’s
chances of throwing one six with six
dice were greater than B’s chances of
throwing two sixes with twelve dice
and, in turn, that B’s chances were
greater than C’s.

Among the diversions is a letter to
Locke in which Newton says: “I once
made upon my self with ye hazzard of
my eyes. The manner was this. I'looked a
very little while upon ye sun in a look-
ing glass wth my right eye & then turned
my eyes into a dark corner of my cham-
ber & winked to observe the impression
made & the circles of colours wch en-
compassed it & how they decayed by de-
grees & at last vanished.” There is a letter
from the sycophantic, pretentious Swiss
mathematician Nicholas Fatio de Duil-
lier inviting Newton to become his part-
ner in an alchemical patent-drug racket.
One exchange starts with an apologetic,
somewhat frantic note from Newton to
Locke containing the famous line: “Be-
ing of opinion that you endeavoured to
embroil me wth woemen & by other
means I was so much affected with it as
that when one told me you were sickly &
would not live I answered twere better
if you were dead. I desire you to forgive
me this uncharitableness.” Locke’s reply
states “that I am more ready to forgive
you than you can be to desire it & I do it
soe freely & fully yt I wish for noe thing
more than the opportunities to convince
you yt I truly love & esteem you & yt I
have still the same goodwill for you as if
noe thing of this had happened.” And
there is a report to Nathaniel Hawes,
treasurer of Christ’s Hospital, in which
Newton analyzes meticulously the in-



adequacies of the Christ's Hospital |
mathematical ~ curriculum, remarking
that “it seems to comprehend little more
than the use of Instruments, and the
bare practise of Seaman in their beaten
road, wch a child may easily learn by
imitation, as a Parrot does to speak, with-
out understanding in many cases the
reason of what he does; & wch an in-
dustrious blockhead, who can but re-
member what he has seen done, may
attain to almost as soon as a child of
parts....”

Sm Isaac NEWTON’S MATHENMATICAL
PrixCIPLES OF NATURAL PHILOSO-
pHY AND His SysteExr oF THE WORLD,
edited by Florian Cajori. University of
California Press ($4.40). A paperback
of Cajori’s revision of the English trans-
lation by Andrew Motte (1729) of New-
ton’s famous Principia. The translation
has been revised by Cajori and supplied
with a historical and explanatory appen-
dix. Until the promised definitive edi-
tion of the Principia on which scholars
are now engaged appears, the Cajori
edition remains the most up-to-date ver-
sion of this fundamental contribution to |
human knowledge, and students will be
glad to be able to buy the book in an
inexpensive format.

Tm: AEROPLANE, by Charles H. Gibbs-

- Smith. Her Majesty’s Stationery Of-
fice ($6.43). An admirable historical
survey of the origins and development
of the airplane from the work of Sir
George Cayley to the present. Gibbs-
Smith, who is the author of a standard
history of flying and other works on aero-
nautical history, presents an engrossing
narrative the readability of which is un-
impaired by the abundant technical data
incorporated into it. The book is divided
into two main parts: a straightforward
chronology and a commentary—consist-
ing of essays of varying length—incor-
porating the results of new research on
the early history of the airplane. Sepa-
rate sections discuss such topics as the
origins of the kite, the rocket, the para-
chute, the airplane engine and the air-
screw; the contributions of Leonardo da
Vinci, Cayley and the Wright Brothers;
early whirling arms and wind tunnels;
claims to the first powered flight and
controversies over priorities; the first
evewitness account of a powered air-
plane flight; the first women to fly; the
principal airplanes of 1909 and the cele-
brated Reims meeting of that year. Also
included are a table of the first efforts to
fly powered airplanes and of the princi-
pal early flights (1874-1909), a chro-
nology of aviation, a bibliography and |

THEORETICAL
PRYSICISTS

Here at the Research Laboratories, exceptionally attractive oppor-
tunities are now available for theoretical physicists (at the doctoral
levell whose scientific abilities lie in any of the study areas in-
dicated below.

Our long-range, corporate-sponsored programs in physics are
aimed at significantly improving man’s understanding of the funda-
mental nature of matter. Commensurate with the enormous challenge
inherent in that objective, we take every practical measure to
create for members of our staff a professional environment con-
ducive to successful research.

With us, for example, you would have the continuing opportunity to
initiate your own programs and carry them through to completion,
utilizing any of a wealth of supporting services when needed. You
would be encouraged to publish papers on your work, encouraged
to consult with other staff scientists whose fields of interest are
complementary, and to maintain close contact with related
university research.

Endowed with an outstanding cul-
AREAS

UNDER INVESTIGATION

Plasma Physics

tural environment and an unusually
high concentration of professional
people, central Connecticut is Gas-Surface Interactions

known for the quality of its educa- Magnetohydrodynamics

tional facilities and for the variety Low Temperature Physics

of its recreational and residential Physical Electronics

attractions. Typically, Hartford has Chemical Physics

its own symphony orchestra and Nuclear Physics

one of the nation's oldest and

finest art museums.

Inquiries are invited from senior physicists with backgrounds in any of
the fields indicated. Please address Mr. W. H. Walsh. . .

United

3 Research Laboratories
Q I rC raft EAST HARTFORD, CONNECTICUT

An Equal Opportunity Employer
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needs inquisitive men
'y L\

/W\

X/ /8

3
We're looking for men who've never outgrown the age of curiosity. Men who ask
questions simply because the questions are there. If this is the way your mind
works, why not get in touch with us? You'll find a stimulating variety of active proj-
ects in work — projects to challenge the most penetrating curiosity. The following
positions are available now:

Engineers in electronic checkout systems who have worked with advanced design
and program development.

Engineers whose background is in supersonic aerodynamics, stability and control,
inlet design, ducting, and performance analysis.

Engineers familiar with airframe structural analysis.

Scientists specializing in infrared, optics, and electronic research.

Engineers to work in data reduction.

Scientists who know structures research and dynamics.

Scientists who have done supersonic aerodynamic research.

Scientists experienced in working with information and sensing systems, platforms,
infrared, sensors, flight controls, airborne computing and data handling systems.
Engineers familiar with programming, operations, and instrumentation for ballistic
missile flight test.

Reliability Engineers to assess the reliability and to optimize the configurations and
mission profiles of space systems.

Chemical Engineers to work on the development and applications of structural
adhesives for aerospace vehicles.

Metallurgical Engineers for research and development on materials and joining.

I1f you’d like more information about these opportunities and others soon to be avail-

able at Norair, write and tell us about yourself. NORT“ Rop

Write Roy L. Pool, Engineering Center Person-
nel Office, 1001 E. Broadway, Hawthorne, Cal. AN EQUAL OPPORTUNITY EMPLOYER
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an “interlude” of memorable quotations
on flight and Hiers. Among these are
Lord Kelvin’s inspired observation made
in 1896: “I have not the smallest mole-
cule of faith in aerial navigation other
than ballooning”; Wilbur Wright's clas-
sic refusal to make a speech in 1908: “I
know of only one bird—the parrot—that

| talks; and it can’t fly very high”; the

statement of the British Secretary of
State for War made in 1910: “We do
not consider that acroplanes will be of
any possible usc for war purposes”; Wal-
ter Alexander Raleigh's epigram (1910) :
“A machine is the embodiment of human
thought, and if it sometimes seems to he
almost alive, that is because it springs
of live parents”; and the report of the
trial of Jane Wenham, accused of witch-
craftin 1712: “The judge. . .when it was
alleged that the prisoner could fly, re-
marked that there was no law against
flying.” Many fine illustrations. A splen-
did book.

OMOSEXUALITY: A PSYCHOANALYTIC
-+ Stupy, by Irving Bieber and others.
Basic Books, Inc. ($8.50). A compara-
tive study of the origins, development
and potential treatability of the male
homosexual. The authors of this work
base their findings on clinical work with

| 106 male homosexuals and 100 male

heterosexuals in psychoanalytic treat-
ment. Sigmund Freud, in a 1935 letter
to the mother of a young homosexual,
took the position that homosexuality,
while assuredly no advantage, “is noth-
ing to be ashamed of, no vice, no deg-
radation” and “cannot be classified as
an illness.” There is little likelihood, he
said, that psychoanalytic therapy can re-

| store a homosexual to normal sexual he-

havior. The most that can be expected,
he indicated, is to help the homosexual
to achieve “harmony, peacc of mind, full
efficiency,” and to overcome his con-

| ficts and unhappiness, his feeling of be-

ing a social outcast. The authors of this
book are more optimistic. They report
evidence that through psychoanalytic
treatment many homosexuals “became
exclusively heterosexual.” Heterosexuali-
ty, in their view, is the biological norm;
unless interfered with, all individuals are
heterosexual. Accordingly they infer that
homosexuals do not bypass heterosexual
developmental phases and “all remain
potentially heterosexual.” This is an im-
portant conclusion, not only for homo-
sexuals but also for the psychoanalysts
who treat them. Few aberrations are
more stupidly and cruelly treated in the
U.S., and in many other countries, than
homosexuality. This book is therefore
a welcome contribution—regardless of



California Institute of Technology : Case Institute of Technology : University of Chicago : Columbia University

Massachusetts Institute of Technology : University of Michigan : Pennsylvania State University : Stanford University : Tulane University

Nexus

No pun intended. A nexus is a tie that binds. * 1DA is a tie that binds. It is an association of nine universities
designed to supply a two-way connection between the Department of Defense and the academic and professional
scientific community. * 1DA serves the Joint Chiefs of Staff and the Director of Defense Research and Engineering
through its Weapons Systems Evaluation Division and Research and Engineering Support Division. More recently,

it has undertaken Special Studiesforsome other government groups including the new arms control agency. At these
levels, the highest strata in the government, the 1D A staff works on the complex and difficult problems that exist at
the interface between technology and security—a sort of graduate school of hard knots. * 1D A seeks scientists and
engineers qualified by background, experience or high professional promise, to assist in the performance of its
mission. It welcomes people with industrial, laboratory, or academic backgrounds in the physical, social, and
life sciences. x If you feel you canmake a contribution and want to do so, why not get in touch with us?

INSTITUTE FOR DEFENSE ANALY SES Department A, 1 7 10 H Street, NW, Washington 6, D C An equal opportunity employer
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Wanted: Men who cannot curb their curiosity

by

| AZITIR AN
AN\ Y
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X o : g “ |
Northrop Space Laboratories is a new organization, open to fresh viewpoints and
new ideas. Its greatest need now is for men like you; men with a driving urge to find
out things for themselves. You'll help to point out the directions we'll go in the
exciting years ahead. Come in now and grow along with us. The following key open-
ings are immediately available:

Solid state physicists, to conduct fundamental research on many-body problems as
applied to an ultra high pressure program. The goals of this program are to study
the electrical and physical behavior of materials under ultra high pressure, to in-
vestigate the origin, history and structure of the moon and planets, and to find ways
to utilize their natural resources.

Scientists, to perform research in nuclear and radio-chemistry, and to conceive and
carry out investigations in the fields of activation analysis, dosimetry, gamma ray
spectrometry, surface phenomena, and numerous other areas.

Structural engineers, to do stress analysis and optimize the design of advanced
space structures.

A plasma physicist, to join our growing program in the measurement of plasma
properties, spectroscopy, diagnostics, accelerators, and power conversion devices.

A mathematician-physicist, to concentrate on systems analysis and operations re-
search applied to military and non-military space systems.

Physicists experienced in electro-optical imaging devices and laser theory; engineer-
ing mathematicians interested in detection theory, reconnaissance and tracking;
electronic engineers who know their way around statistical communications theory
and noise phenomena; for new and original work in satellite detection systems.

For more information about these and other opportunities, write to W. E. Propst,

Space Personnel Office, IllIl E. Broadway, Haw- NORTH Rop

thorne, California. You will receive a prompt reply.
AN EQUAL OPPORTUNITY EMPLOYER
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whether or not its findings are wholly
confirmed—to social responsibility and
enlightenment.

THE OriGINs OF SCIENTIFIC THOUGHT,

by Giorgio de Santillana. The Uni-
versity of Chicago Press ($5.95). From
Anaximander to Proclus (600 B.c. to A.D.
500) is the span of this survey, by far
| the largest part of which has to do with
Greek contributions to mathematics,
physics and astronomy. The analysis of
the ideas and theories of scientific
pioneers of antiquity, including Archi-
medes, Aristarchus, Apollonius, Democ-
ritus, Empedocles, Eudoxus, Heracli-
| tus, Hippocrates, Parmenides, Plato,
Ptolemy and Pythagoras, is rounded out
by extracts from their writings. De
Santillana travels a well-worn road, and
in straining for fresh effects he is apt to
put too fine a point on some of his inter-
pretations. But there is merit and vigor
in much of what he says, and he has
drawn freely on the best work of the
specialists who in recent years have en-
larged considerably our understanding
of Greek science. The illustrations, con-
sisting of a few text figures, are a poor
lot; therc is a brief but helpful bibliog-
raphy; the index, confined to people
and schools of thought, is wholly inade-
quate.

| CAMO.\'ICA VaLLey, by Emmanuel
Anati. Alfred A. Knopf ($5.95). A
| few years ago the author of this book, a
| young Israeli scholar, undertook an im-
portant archaeological investigation in
| the Camonica Valley, a wide, deep fault
in the heart of the Italian Alps north of
the city of Brescia. He examined somc
15,000 carvings chiseled into the rocks
of the Alpine mountainside by the in-
| habitants of the valley over a period
| from about 2000 B.c. to their conquest
| by the Romans in 16 B.c. An article de-
scribing  his  conclusions appeared in
SCIENTIFIC AMERICAN for January, 1960.
The present volume gives a full account
of the work. Both the descriptions of the
carvings and the explanation of the
methods used in interpreting them make
this one of the best popular archaeology
stories in a long while. Copiously illus-
| trated.

_XI‘O)IIC THEORY AND THE DESCRIPTION
+ X oF NaTURE, by Niels Bohr. Cam-
| bridge University Press ($1.65). A re-
issue of a collection of Bohr’s essays first
published in book form in 1934. The
essays discuss atomic theory and me-
chanics, the quantum postulate, the
| quantum of action, the atomic theory
| and the fundamental principles underiy-



ENGINEERS/SCIENTISTS JOIN US IN GIVING A NEW DIRECTION TO AEROSPACE TECHNOLOGY

last oll miles arg Ghe harde

re - entr Only One of the Critical Aerospace Probiem Areas for which
y REPUBLIC’'S PAUL MOORE RESEARCH CENTER has R & D Contracts

REPUBLIC is engaged in a diversity of investigations aimed at providing the machines and systems our
astronauts require to home safely on our planet. This work explores the full spectrum of theoretical and
experimental research and advanced development... from new basic concept to systems and structure design,
and new fabrication techniques for the final hardware. THE PAUL MOORE CENTER is effectively equipped
to assist Republic scientists and engineers in this effort. The most sophisticated and integrated research
complex in the East today, the CENTER is rapidly becoming a primary source for new knowledge, not only in
re-entry but in all urgent areas of aerospace science and engineering.

A SAMPLE OF AEROSPACER & D
PROGRAMS AT REPUBLIC

IMPORTANT POSITIONS OPEN

Structural Research (elastic & inelastic regimes) / Hyper-
sonic Gasdynamics Research / Re-entry & Satellite Heat

... Re-Entry Test Vehicles for the Apollo program . ‘ i ;
Transfer Analysis / Design Criteria (hypersonic re-entry

... Thermal Protection Studies (Theoretical & Experimental)

. Spacecraft Tracking Concepts (Re-Entry Period)

. Hydraulic & Pneumatic Systems Development (to meet
Re-Entry & Extended Space Voyage Requirements)

. Closed Ecological Systems

. Guidance for Orbital Rendezvous

.. Full Scale Plasma-Pinch Engine for Space Propulsion

.. AEROS Study — Systems of Meteorological Satellites
(in plane of equator)

. Next Generation Orbiting Solar Observatory

Interested applicants are invited
to write in confidence to

Mr. George R. Hickman
Technical Employment Manager, Dept. 86

vehicles) / Thermal Protection Research (superorbital,
satellite, & aerospace vehicles) / Hypersonic Wind Tunnel
Investigation / Space Environmental Control Development
/ Exotic Propulsion Systems / Space Power / Cryogenic
Research (liquid hydrogen fuels tanks) / Chemical Re-
search (alkali metals) / Antenna Design (re-entry vehicles)
/ Space Electronics (telemetry, communications, guidance,
tracking, ECM, ASGSE, data handling) / Life Sciences
(systems R&D) / Weapon Systems Analysis.

REPUBLIG

AVIATION CORPORATION

e
FARMINGDALE, LONG ISLAND, NEW YORK
An Equal Opportunity Employer
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NASA's Office of Manned Space Flight,
which directs this nation’'s manned
space flight programs, invites Senior
Aerospace Engineers with experience
in: Systems Analysis and Studies e
Systems Engineering @ Spacecraft and
Flight Missions e Reliability Assess-
ment e Launch Vehicles and Pro-
pulsion e Systems Integration and
Checkout

T0 ACCEPT A SIGNIFICANT ROLE IN
MANKIND'S GREATEST CHALLENGE
THE CONQUEST OF SPACE

If you possess these attributes: 6-10
years progressively responsible pro-
fessional engineering and scientific
experience e Three years or more
comprehensive aerospace experience
e Shirtsleeve initiative, drive, and
perseverance e Maturity, professional
integrity, sincere enthusiasm and out-
standing capability and talent e The
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DESTINATION
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courage to trade salary for significant
responsibility

Inquire in confidence to—

Director of Manned Space Flight

Dept. 131

National Aeronautics and Space Administration
Washington 25, D. C.

We as a nation are resolved that a free
society can meet such a challenge. We
at NASA are determined to continue to
attract our country’s best engineering
and scientific talent by offering: Un-
limited opportunities for professional
growth, achievement, contribution, and
recognition e Unequaled resources
and environment conducive to re-
search and development e Significant
responsibilities e Outstanding and
stimulating professional colleagues

All qualified applicants will receive consideration for
employment without regard to race, creed or color, or
national origin. Positions are filled in accordance with
Aero-Space Technology Announcement 252-B.



ing the description of nature. The essays
are not only of historical interest; they
touch on questions that are still un-
resolved and are still being debated. A
paperback.

TWINS IN HisTORY AND SCIENCE, by

Luigi Gedda. Charles C. Thomas,
Publisher ($12.50). A scholarly, com-
prehensive, richly illustrated study of
twins in mythology and the arts, in his-
tory and science, in plant and animal
life. The author, professor of genetics at
the University of Rome, also deals with
such topics as the frequency of the twin-
ning phenomenon, etiological back-
ground factors in twinning, the embry-
ology of twinning and the physiology
and pathology of pregnancy.

N’ ODELS AND METAPHORS, by Max
Black. Cornell University Press
(85.75). A collection of essays on lan-
guage, logic and the philosophy of sci-
ence. Some of the studies, such as “Can
the Effect Precede the Cause?” “Meta-
phor,” “The ‘Direction’ of Time,” are |
unusually pleasing. Black writes very |
well, and it is a source of intellectual
gratification to watch his keen mind
moving skillfully and patiently back and
forth, like a mine detector, over an inno-
cent-looking terrain, searching out the
traps and hidden dangers underneath.

Notes

THE NEw AGE IN Puysics, by Sir
Harrie Massey. Harper & Row, Publish-
ers ($5). This clear, readable account
by a leading British scientist of the con-
cepts, theories and observations of mod- |
ern physics treats quantum mechanics,
relativity, artificial satellites, radio as-
tronomy, particles and the uncertainty
principle, among other subjects.

My Best PuzzLEs IN Locic anp REA-
SONING, MY BEST PuzzLES IN MATHE-
MATICS, by Hubert Phillips (“Caliban”).
Dover Publications, Inc. ($1 each). |
CAL1BAN'S PrOBLEM Book: MATHE-
MATICAL, INFERENTIAL AND CRYPTO-
GraPHIC PuzzrLes, by Hubert Phillips,
S. T. Shovelton and G. S. Marshall. |
Dover Publications, Inc. ($1.25). The
well-known British paradoxer Caliban
is not in the same league with Sam Loyd
and Henry Ernest Dudeney, with whom
he is sometimes compared, but his crea-
tions show a pretty ingenuity and wit.

MobpeERN CONCEPTS OF PSYCHOANALY-
sis, edited by Leon Salzman and Jules |
H. Masserman. Philosophical Library,
Inc. ($4.75). A group of essays apprais-

The expansion of Los Alamos Scientific Laboratory's
facilities and permanent organization at the national
nuclear rocket development center in Nevada has cre-
ated employment opportunities for experienced en-
gineers and scientists who have had at least four years'
experience in the following areas: Reactor instrumenta-
tion and data analysis / Control system design and
analysis / Neutronics / Test planning and procedures

/ Radiation effects.
Write: LASL - Project Rover » Americana Motor Hotel ¢

4375 l.as Vegas Boulevard, South ¢ Las Vegas, Nevada

ENGINEERS
SCIENTISTS

Kiwi - B1A - the fourth nuclear
propulsion reactor developed
and tested by Los Alamos Scien-
tific Laboratory for Project Rover.
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BASIC
RESEARCH

in physical, chemical
and mechanical
properties of materials
at high temperatures

Attractive opportunities are available
here at the Research Laboratories for
those interested in conducting basic re-
search in the synthesis of materialsand
in the determination of unusual proper-
ties exhibited by materials at high
temperatures.

We are providing the corporate spon-
sorship, specialized equipment, sup-
porting services and environment con-
ducive to significant accomplishment.
Typifying the work are studies of:

m transport phenomena in refractories
and intermetallics at high tempera-
tures

strength of materials at high tem-
peratures

basic, high-temperature chemical
properties, including specific heat
and vapor pressure

effects of high temperatures and
nuclear radiation on transparency of
materials.

Specialized high-temperature equip-
ment includes furnaces of the tungsten
vacuum, oxide resistance, graphite re-
sistance and induction types, hot mi-
crohardness apparatus and a wide-range
spectrophotometer capable of operat-
ing at elevated temperatures.

With us, interested and qualified sci-
entistschart theirowncourseswithinthe
broad framework of our long-range in-
terestin materials. Thosebest equipped
to contribute are:

CERAMISTS with working
knowledge of solid state physics

PHYSICISTS interested in ex-
perimental and theoretical solid state
physics

EXPERIMENTAL PHYS-
ICAL CHEMISTS with strong
theoretical interest in properties of
materials.

Please write in complete confidence
to Mr. W. H. Walsh. ..

United geoearcn Laboratories
Alircraft s -rome comeencor

An Equal Opportumty Employer
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ing certain aspects of contemporary psy-
choanalysis—its relation to experimental
psychology, the scientific basis of psy-
chotherapy, psychoanalysis and social
science, psychoanalytic training.

MODERN THEORIES OF DEVELOPMENT:
AN INTRODUCTION TO THEORETICAL BI-
orLocy, by Ludwig von Bertalanffy.
Harper Torchbooks ($1.50). This ex-
ploration of theoretical biology, first
published in German in 1928, discusses
applications of physics and chemistry to
the understanding of living organisms,
and the logic and methodology of this
approach. A paperback.

ATLas oF EuropEaN Birps, by K. H.
Voous. Thomas Nelson & Sons ($15). A
zoogeographical survey of all the species
of birds of Britain and Europe west of
the Urals. There are 419 distribution
maps, for each of 419 species, together
with an account describing each bird
and giving information on its distribu-
tion, habitat, food, nests and move-
ments. There are also 355 gravure plates,
many of them very good.

PARTICLE ACCELERATORS, by M. Stan-
ley Livingston and John P. Blewett.
McGraw-Hill Book Company, Inc.
(817.50). A comprehensive monograph
on the different classes of particle ac-
celerator, which discusses the physical
principles involved, major technical
problems and limitations, the theory of
particle orbits, the components common
to several accelerators, ion sources, mag-
net design and shielding requirements.

THE SExUAL LIFE OF SAVAGES, by
Bronislaw Malinowski. Harvest Books
($2.95). A soft-cover reissue of Mali-
nowski’s celebrated account, first pub-
lished in 1929, of courtship, marriage
and family life on the Trobriand Islands
southeast of New Guinea. Illustrated.

PrysicaL OCEANOGRAPHY, by Albert
Defant. Pergamon Press ($35). A two-
volume survey of the general geography
of the oceans, the physical and chemical
properties of sea water, the various types
of ocean current, the periodic move-
ments of the water masses (waves, tides
and related phenomena). Many illustra-
tions and extensive bibliographies.

THE STORY OF X-RAYS FROM RONTGEN
To Isotopes, by Alan Ralph Bleich.
Dover Publications, Inc. ($1.35). An
illustrated popular account of X rays
from their discovery in 1895 to their
present widespread uses in medicine,
industry, research and art. A paperback.
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if you only
take know
for an answer

What is the moon made of?
What will be measured in space?
Is there life out there?

The answers to these questions
are coming from the scientists at
Cal Tech’s Jet Propulsion Labora-
tory for the National Aeronautics
and Space Administration.

These men think for a living.
They want to know. They have to
know. And at JPL, they have all
theroom in the universe towork in.

If you’d like to work with fellow
scientists who only take know for
.an answer...if you’d like to be in
on the ground floor of space ex-
ploration...if you feel you can
help, then come to JPL. Your
office may not be bigger, but your
room will be.

Send complete qualification re-
sume now for immediate consid-
eration.

All qualified applications will
receive consideration for employ-
ment without regard to race, creed
or national origin.

U. S. citizenship or current se-
curity clearance required.

O

JET PROPULSION
LABORATORY

California Institute of Technology
4802 Oak Grove Drive, Pasadena, Calif.
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Information from countless sources, stag-
gering amounts of it. New information
that changes from moment to moment, old
information that must be retrieved from
storage in seconds. Information of world
importance. This is what command deci-
sions are based on: This is what a new
science-technology must cope with to
help make command decisions possible.
The science-technology of which we speak
involves the development of far-reaching
man-machine systems to provide informa-
tion processing assistance for military and

PHOTOGRAPHS BY USAF, NASA AND UPI

government leaders. The needs of this field
have created a number of new positions at
System Development Corporation. Our
scientists, engineers and computer pro-
grammers applied this science-technology
to help develop SAGE. We now apply it to
our work on the SAC Control System and
other command and control systems being
developed. At SDC, our staff participates
in key phases of system development; anal-
ysis, synthesis, computer instruction, sys-
tem training and evaluation. Human Factors
Scientists, Operations Research Scientists,

Engineers and Computer Programmers
interested in joining this expanding new
field are invited to write Dr. H. L. Best,
SDC, 2430 Colorado Ave., Santa Monica,
Calif. Positions are open at SDC facilities
in Santa Monica; Washington, D.C.; Lex-
ington, Mass.; and Paramus, N.J. “An equal

opportunity employer.”

A SDC

System Development Corporation
Systems that help men make decisions and
exercise control

Decision-making

in the Sixties
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“Behold the Parthenon, the only perfect building erected by man”,
says Thomas Craven in his superb ‘‘Pocket Book of Greek Art”. It
tooksixteenyears tobuild,and now, twenty-fourcenturieslater,serves
to remind us what men who strive for absolute perfection can accom-
plish. We took this picture of the northeast corner, with its lion rain-
spout,throughameasuredairdistance of 1800 feet,in November 1961.
We wished to show you what fine detail can be photographed with
the superfine Questar telescope in air that trembled noticeably in the
far more detailed visual views. These last sixteen years we too have
striven for perfection. We now believe that no amount of human
effort can substantially improve any

one of these masterpieces of the U E S TA R
optician’s art. They cost only $995,

and a booklet awaits your request. Box 20 NEW HOPE, PENNSYLVANIA
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Estimated 1967 optimum areas of application of various energy
conversion methods for developing non-propulsive power
(all power other than that employed for primary propulsion).

Development of Non-Propulsive Power
Systems for Space Vehicle Application

Barring the unlikely discovery of a
new method of power generation, non-
propulsive power for spacecraft will
be produced by the techniques charted
above. Each has its own optimum
area of application and each is under
serious study in the Bendix Non-Pro-
pulsive Power Supply R & D Program.

Take the fuel cell, an area of par-
ticular interest to our Power Supply
Group. Because of its inherent dy-
namics, a fuel cell cannot provide an
instantaneous surge of heavy power.

But because of the relatively high
efficiency with which the fuel cell
converts the energy of fuel oxidation
into electricity directly, there is reason
to believe that a cell can be developed
which will be capable of producing
relatively high power levels for ex-
tended periods of time. In fact, we've
designed such a cell (hydrogen-oxygen
type) based on modular construction
for maximum flexibility in use.

Then there’s thermionic conversion,
utilizing solar energy. Our approach

to power generation by this technique
is also modular in nature. Present de-
sign of the unit utilizes a parabolic
reflector and 24 thermionic diodes,
each with its own cesium reservoir and
radiator. Cesium temperature corre-
sponding to optimum cesium pressure
can be achieved independently of
cathode and anode operating tempera-
tures. And because cavity temperature
in each unit can be closely controlled,
power can be generated even when
solar energy conditions (such as in-
tensity) vary considerably.

The most effective design for a non-
propulsive power system depends not
only on accurate analysis of system
requirements and limitations, but re-
quires also that the designer be famil-
iar with all basic techniques. He must
not only be aware of the latest ad-
vances within each of the disciplines
involved, but he must be prepared to
accept the approach which offers the
optimum solution to the problem. A
group working in all applicable tech-

Research Laboratories Division
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nologies obviously possesses an ad-
vantage. Such all-embracing work is
being carried out in the Bendix Non-
Propulsive Power Supply Program,
including development of systems
such as solar cell-battery, thermionic,
thermoelectric, fuel cells, closed cycle
heat engines, magnetohydrodynamic
generators, cryogenic and chemical
dynamic open cycle systems.

Bendix research embraces a complete
range of disciplines including acous-
tics, nuclear, data processing, micro-
wave, fluid power, lasers and masers,
guidance, electronics, solid state
physics, and mechanics. Motivation: to
develop new techniques and hardware
for producing complete, integrated,
advanced systems for defense, indus-
trial and commercial applications. In-
quiries are invited. We also invite en-
gineers and scientists to discuss career
position opportunities with us. An
equal opportunity employer. Write
Director, Bendix Research Laboratories
Division, Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

THE
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CORPORATION
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The prevention of war depends,
in large part, on this nation’s
ability to detect attack, and re-
spond to it, in seconds.

Many of the complex electronic
systems that make military de-
cision possible are designed and
developed by The MITRE Cor-
poration.

The work is of the utmost impor-
tance to the nation—and offers a
very real technological challenge
to the systems man with unusual
ability.

There is a broad spectrum of op-
portunity at MITRE within
three major groups of the cor-
poration — Systems Planning
and Research; Systems Engi-
neering; and Control and Sensor
Systems Development.

THE

SECONDS

Current projects include the im-
provement and integration of
existing systems . . . such as
BMEWS, NORAD Combat
Operations Center and SAGE
...and the creation of even
bigger, more advanced command
and control systems.

MITRE is located in pleasant,
suburban Boston. Requirements,
B.S., M.S,, or Ph.D. in these
disciplines—electronics, physics,
and mathematics. Rewards are
competitive. Openings are also
available in Washington, D. C.
and Colorado Springs, Colorado.

Write in confidence to Vice
President — Technical Opera-
tions, The MITRE Corporation,
Box 208, Dept. MG26, Bedford,
Massachusetts.

MI'TRE

CORPORATION
An Equal Opportunity Employer

MITRE is an independent, nonprofit corporation working with — not in competition
with — industry. Formed under the sponsorship of the Massachusetts Institute of
Technology, MITRE serves as Technical Advisor to the Air Force Electronic Systems
Division, and is chartered to work for such other Government agencies as FAA.
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The "gear” in our name means many things at the outposts of progress

Progress always has its advance outposts. There, men like you set the course the future will
take. Since 1888, Western Gear has worked with such men. That's why the very word *“'gear"”
in our name now ranges in meaning from industrial machinery to missile components, from print-
ing presses to precision motors and hundreds of standard and custom-engineered mechanical
power transmission products. Need help at your outpost? Learn more about the many ways we
can be of service to your company. Write for Corporate Capabilities | nNJ g—
Bulletin 5900. Address Western Gear Corporation, P. O. Box 182, ] '
Lynwood, California, or cable WESTGEAR, Lynwood, California.

o et e Wi (e BEAR €

WESTERN GEAR CORPORATION @

EVERETT, WASHINGTON: BELMONT, LYNWOOD, PASADENA, GALIFORNIA; HOUSTON, TEXAS DFFICES IN ALL PRINCIFAL OITIES, A e o
QRamis aRTg  INDUS LTE AL rAODUCTY 1OUTHWISTEAN

AIRCRAFT AND MISSILE SYSTEMS ® SUB-SYSTEMS AND GOMPONENTS ® RADAR ANTENKA DRIVES ® MINIATURE MOTORS AND BLOWERS =t

w PRINTING PRESSES ® A COMPLETE LINE OF INDUSTRIAL POWER TRANSMISSION EQUIPMENT ® MAJOR PRODUCERS OF LARGE MARIKE it

GEARS AND DECK MAGHINERY W SYSTEMS MANAGEMENT ANALYSTS AND SPECIALISTS IN EXOTIC PROBLENS I\ AESEARCH KAD DEVELOPMENT §LrCHmD PROBIGTS. | HERYT MAGHINERY
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When you need a control system,

remember.. AE

automatic data routing, for instance...

Now, with AE’s new Data Switching System, a vast variety
of business data can be instantly routed to any one or a
number of destinations over diversified transmission paths.

As an example, punched tape containing numerical data,
multiple destination codes and priority is fed into equipment
that translates all this information into electrical impulses.
The AE switching system “reads” the address and priority
indications, sets up the proper routing connections, then
signals the data equipment to “spill” its output. Upon com-
pletion of the transmission, the switching system stands by
and awaits further routing instructions.

AUTOMATIC ELECTRIC

AE switching techniques speed up and systematize trans-
actions for plants and warehouses, merchandising chains,
banks and brokerage houses with distant branches. In fact,
they can automatically handle and route messages, data and
control functions in any business or industry equipped with
integrated channels of communications.

If you would like to know more about AE'’s systems capa-
bilities, just address your request for circular 1010 to the
Director, Systems Sales, Automatic Electric, Northlake,
Illinois. (In Canada: Automatic Electric Sales, Toronto 16,
Ontario.)

swsaiary of GENERAL TELEPHONE & ELECTRONICS @
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