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16 ways

a business machine company

Long-term financing—
The bank made a study
of methods that could fill
company’s need for new
financing through 1970.
The possibilities were
analyzed jointly by sen-
ior Citibank and com-
pany officers.

Invested pension fund—
As the company’s pen-
sion fund trustee, Citi-
bank is responsible for
the soundness of multi-
milliondollarinvest-
ments—the source of re-
tirement benefits for
tens of thousands of
employees.

Advice on foreign cash
collections—The bank
outlined to the com-
pany how payments of
European customers in
their own currencies at
local Citibank branches
can eliminate expenses
for multiple money ex-
changes.

put First National City Bank

towork in the last year

Credit lines around the
world—-Citibank main-
tains multimillion dol-
lar credit lines in local
currencies for the com-
pany in the U.S. and 20
foreign countries...used
in more than two dozen
ways, from financing im-
ports to help in buying
real estate abroad.
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Stock transfer agent—As
major transfer agent for
the company, Citibank’s
data processing equip-
mentkeepstabs on 26,000
shareholders, coding
each one 11 ways—loca-
tion, age, sex, type of
ownership, etc. The bank
also disburses stock
dividends.

6
Services securities—The
company maintains two
safekeeping accounts at
the bank for stocks,
bonds, notes, C.D.’s, etc.
Coupons are clipped, se-
curities received, stored
and forwarded from Citi-
bank’s vaults at 20 Ex-
change Place, New York.

FIRST

Help at international
conventions —When the
company’s Latin Amer-
ican branch managers
convened in Puerto Rico,
a bank officer was on
hand to change their
currencies into dollars.
When the company dis-
played its equipment at
a convention in Greece,
Citibank’s Athens
branch issued a 4 million
drachma credit to com-
pany’s agent to cover
customs duties.

Feedback on perform-
ance of new machines—
The bank was the com-
pany'’s first customer for
a new check sorting and
encoding machine and
gave company engineers
an early report on per-
formance. (It was excel-
lent.) Company’s product
development people con-
sult Citibank on bank-
ing problems new ma-
chines might help solve.

Voluntary restraint pro-
gram—Company and
Citibank officers dis-
cussed techniques for
foreign financing that
would meet the compa-
ny’s needs within guide-
lines setby the President.
For example, Eurodollar
financing, loans from for-
eign lenders backed by
Citibank credit, foreign
debentures, etc.

Invested foundation
funds—The company
funds a multimillion dol-
lar foundation account
from which contribu-
tions for educational and
other worthy causes are
drawn. Citibank acts as
investment adviser.
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Foreign exchange trans-
actions—Citibank han-
dled foreign remittances
for the company, con-
verted proceeds of for-
eign sales and dividends
into dollars.

NATIONAL CITY BANK%@

399 PARK AVENUE, NEW YORK, N.Y, 10022 « MEMBER FEDERAL DEPOSIT INSURANCE CORP.

New Rk

12to0 16 etc.
Important routine serv-
ices—Citibank econo-
mists and senior officers
discussed present and
future business condi-
tions both at the bank
and at company head-
quarters . . . Citibank
issues hundreds of let-
ters of credit to the com-
pany...wires advice on
remittances over $50,000
...sends the ‘“Monthly
Summary” (confidential
for customers) which
gives a concise picture
of economic conditions
in 45 countries...buys
commercial paper for
company'’s accounts, etc.

We welcome inquiries
about the many ways
your business can use
First National City Bank.



Edward Forbes Woodcarving by William Ransom
(1815-1854) Photographed by Max Yavno

“Forbes was certainly the most brilliant and inspiring naturalist of his day—a day
when it was still possible to make original contributions to knowledge in several
departments of nature.... he held posts successively as Professor of Botany in London,
as Palaeontologist to the Geological Survey, and as Professor of Natural History in
Edinburgh: but to my mind the best description in brief form is that he was the pioneer
of Oceanography — the science of the sea.”"

“It must suflice to add that all the sciences concerned [in Oceanography] — Physics,
Chemistry. Geology. Zoology. Botany, Physiology, and Geography —have problems for
the oceanographer awaiting solution....””?

'Sir William A. Herdman, Founders of Oceanography and Their Work, Edward Arnold
and Company. London, 1923, p. 33.

2Op. cit., p. 329.

INTERACTIONS OF DIVERSE DISCIPLINES

To those classical sciences which gave birth to oceanography are now added the sus-
taining disciplines of engineering, operations research, economic analysis, the computer
sciences, and the new management sciences. All except botany are found on Planning
Research Corporation’s professional staff of five hundred scientists, engineers, and
mathematicians. Interactions of their disciplines, on multidisciplined teams, form the
most powerful calculus yet achieved for the solution of world-wide problems, including
those related to ocean space.

Industry and governments are invited to inquire about Planning Research experi-
ence in planning the economic and organizational structure necessary for an undersea
research operation and its land and sea facilities. Write or telephone Mr. Stanley L.
Gendler, Vice President for Engineering.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Angcles, California 90024
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SCIENCE. "SCOPE

Space technology's practical benefits to mankind are being demonstrated by

the first Applications Technology Satellite (AT S-1), launched December 6

by NASA. Huge satellite, built by Hughes, includes a dozen scientific experiments
in its 775-1b. payload. Most dramatic: the cloud-cover photos of one-third billion
square miles of the earth's surface, sent back every 22 minutes. They are taken

by a special camera developed by Santa Barbara Research Center (a Hughes
subsidiary) and will enable meteorologists to conduct new studies and to make
long-range weather analyses. Another significant experiment: continuous two-way
voice communication between aircraft in flight over the Pacific and ground

control stations. It promises to solve the problem of frequent radio blackouts that
has plagued transpacific airline operations.

Contract for a vast NATO air defense system has been awarded to a six-company
European consortium led by Hughes. Known as the NADGE (for NATO Air Defense
Ground Environment) system, it’s the largest military electronics project ever
undertaken in Europe. NADGE will identify all aircraft crossing NATO borders,
decide if they’re unfriendly, warn the military within seconds, and advise them what
interceptors and missiles are available and which should be dispatched.

A new infantry weapon so deadly it can knock out an enemy tank from more
than a mile away with one shot is now being tested by the Army under simulated
battle conditions. Hughes designed the compact, 160-lb. TOW weapon system

to give the infantryman an “equalizer” against his classic enemy. He simply aims
the telescopic sight at the tank and launches the missile, which is automatically
steered by electronic signals transmitted through two hair-thin wires that unreel
from the missile as it flies. TOW is also being adapted for launching from
helicopters. Hughes is linking the TOW missile with a gyro-stabilized sight that
will enable the gunner to hit stationary or moving targets . . . even though

the helicopter pilot is maneuvering to evade enemy ground fire.

Instant moon shelters from ordinary gelatin have been developed by research
chemists at Hughes. Working under an Air Force study contract, they’ve combined
an industrial equivalent of dessert gelatin with fiber glass fabrics to produce
rigid structures so light the astronauts could easily carry them around in the
moon’s weak gravity. Project has been so successful that Hughes scientists believe
it will even be possible to build large hangars on the moon to house spaceships
being assembled or repaired. Domes, walls, and beams would be prefabricated of
fiber glass, impregnated with gelatin, sealed in airtight containers. Opened and
unfolded on the moon, they’d harden into rocklike strength as the vacuum of
space evaporated the water from the gelatin. Here on earth, gelatin technique
holds great promise for desert climates.

Rapid expansion of several advanced programs at Hughes has created important
and immediate assignments for electro-optical, microcircuit, space systems,
information processing, circuit design, and communication/radar systems engineers.
If you have an accredited engineering or scientific degree, have at least two years
of applicable experience, and are a U.S. citizen, please send your resumé to:

Mr. J. C. Cox, Hughes Aircraft Company, Culver City, California. Hughes is an
equal opportunity employer.

Creating a new world with electronics
U i e ol e A
i
1
HUGHES
]

|
UGHES AIRCRAFT COMPANY

1
]
1
1
L
H

© 1967 SCIENTIFIC AMERICAN, INC



SCIENTIFIC
Established 1845 AMERIC AN March 1967  Volume 216  Number 3

24

32

38

60

78

89

102

114

10
19
48
124
130
141
150

BOARD OF EDITORS

ART DEPARTMENT
PRODUCTION DEPARTMENT
COPY DEPARTMENT
GENERAL MANAGER
ADVERTISING MANAGER

ASSISTANT TO THE PUBLISHER

ARTICLES

TOXIC SUBSTANCES AND ECOLOGICAL CYCLES, by G. M. Woodwell
Natural processes concentrate such substances, making them more hazardous.

THE HEART’S PACEMAKER, by E. F. Adolph
A special group of cells initiates beats of the heart and contributes to their control.

ANCIENT ARARAT, by Tahsin Ozgiic
The mountain where Noah’s ark went aground was the center of a major kingdom.

THE SURFACE OF THE MOON, by Albert R. Hibbs
Space probes have revealed much about the moon but little about its origin.

BEHAVIORAL PSYCHOTHERAPY, by Albert Bandura
Abnormal behavior is treated directly through application of learning principles.

SALT-WATER AGRICULTURE, by Hugo Boyko
Many plants will thrive under salt-water irrigation if they are grown in sandy soil.

THE ORIGIN OF THE AUTOMOBILE ENGINE, by Lynwood Bryant
Nicolaus Otto, a German engineer, demonstrated the basic principle 91 years ago.

ADVANCES IN SUPERCONDUCTING MAGNETS, by W. B. Sampson et al.
In five years the magnets, once curiosities, have become valuable research tools.

DEPARTMENTS

LETTERS

50 AND 100 YEARS AGO
THE AUTHORS

SCIENCE AND THE CITIZEN
MATHEMATICAL GAMES
THE AMATEUR SCIENTIST
BOOKS

BIBLIOGRAPHY

Gerard Piel (Publisher), Dennis Flanagan (Editor), Francis Bello (Associate Editor),
Philip Morrison (Book Editor), John Purcell, James T. Rogers, Armand Schwab, Jr.,
C. L. Stong, Joseph Wisnovsky

Jerome Snyder (Art Director), Samuel L. Howard (Assistant Art Director)
Richard Sasso (Production Manager), Frank V. Musco

Sally Porter Jenks (Copy Chief), Dorothy Bates, Julio E. Xavier

Donald H. Miller, Jr.

Martin M. Davidson

Stephen M. Fischer

PUBLISHED MONTHLY BY SCIENTIFIC AMERICAN, INC., 415 MAD ISON AVENUE, NEW YORK, N.Y. 10017. COPY RIGHT © 1967 BY SCIENTIFIC AMERICAN,
INC. ALL RIGHTS RESERVED. SECOND-CLASS POSTAGE PAID AT NEW YORK, N.Y., AND AT ADDITIONAL MAILING OFFICES. AUTHORIZED AS SEC-
OND-CLASS MAIL BY THE POST OFFICE DEPARTMENT, OTTAWA, CANADA, AND FOR PAYMENT OF POSTAGE IN CASH. SUBSCRIPTION RATE: $7 PER YEAR.

© 1967 SCIENTIFIC AMERICAN, INC



AARA R

...typical of the convenience,
safety, and thorough precision
engineered into Garrard auto-
matic turntables...permit in-
stant switching between
manual and fully automatic op-
eration. No adjustments are
necessary. Simply lift out the
short, single-play spindle...
drop in the long, automatic one
for a stack of records. And
there’s never the need to take
records off a Garrard by pulling
them awkwardly over a locked-
in spindle.

Micro-finished, inter-
changeable spindles are stand-
ard equipment on all Garrard
Automatic Turntables. $44.50 to
$99.50, less base and cartridge.

For complimentary copy of
colorful, new Comparator Guide
fully describing all models,
write Garrard, Dept. AC-16,
Westbury, N.Y. 11590.

THE COVER

The lurid photograph of the moon on the cover has a definite purpose: to
provide information on the nature of the lunar surface (see “The Surface of
the Moon,” page 60). It is based on two pictures taken by Ewen Whit-
taker of the University of Arizona. First a photograph of the moon was
made through a filter that transmitted ultraviolet radiation. Then a pho-
tograph was made through a filter that passed infrared radiation. Next
a negative of the ultraviolet image was superposed on a positive of the in-
frared image. Finally a positive of this black-and-white sandwich was used
to produce the red plate used in the cover illustration and a negative of the
same image was used to produce the blue plate. The resulting picture sepa-
rates those areas of the moon that reflect more ultraviolet and less infrared
from those that reflect more infrared and less ultraviolet. There is as yet no
satisfactory explanation of how the lunar surface material became differen-
tiated to produce the result shown. The round blue spot at lower left is the
crater Aristarchus; the larger blue spot at upper right, the crater Plato. The
red streaks at lower right radiate from Copernicus, which does not appear.
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Phosphors are an essential ingredient in
solid-state electroluminescent displays.

Sylvania developed rare earth europium phos-
phors to add brightness to color television.

Sylvania is always testing phosphors.
In a year’s time, we examine more than
50,000 different kinds. They’re formu-
lated in small crucibles and studied for
their emissions in ultraviolet, infra-red,
cathode ray and daylight.

That’s because we’re always looking
for better phosphors for TV, lighting,
sorting, tracing and identifying. And
other uses.

In rare-earth phosphors, our Euro-
pium and Yttrium brighten color TV
by strengthening the red end of the
spectrum. This Sylvania development
revolutionized color TV.

But rare earths are only a small part
of our phosphor experience—which cov-
ers 289 different materials.

Some of these Sylvania phosphors
can fight counterfeiting—by identifying
documents dependably. Other phos-
phors can illuminate safety and mark-
ing devices. Or study and trace air
currents. Mark postage stamps for au-
tomatic sorting. Or be used in plastics
tomake objects glow without electricity.

We're always hard at work on new
developments. How about your product
development? Maybe our phosphors
can help you solve a couple of problems.
Write for free samples. Let us have an
idea of your application and the infor-
mation you need.

Sylvania Electric Products Inc.,
Chemical & Metallurgical Division,

Towanda, Pennsylvania 18848.

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS GT&E

We crucible-tested over 50,000
phosphors last year. Any one of them
might solve a problem for you.
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LETTERS

The article by Burke M. Smith on the
polygraph in your January issue is one
that more properly should have been
published, if at all, in Popular Mechan-
ics or Reader’s Digest—certainly not in
Scientific American.

This article is a rehash of the same
biased criticisms of the polygraph as al-
ready put out by Dearman, Kubis et al.,
and it further indicates that the psy-
chiatrist-psychologist group has entered
on a crusade to discredit the polygraph
lie-detection technique. For some rea-
son psychologists have felt themselves
qualified to act as arbiters of the validity
and reliability of this technique. They
have done this with little or no reference
to the actual techniques used by quali-
fied and reputable polygraphists. Re-
searches conducted by psychologists on
the polygraph have been based primarily
on the testing of college students in fic-
titious crime situations. Conspicuously
absent have been searching inquiries as
to the utility and accuracy of the poly-
graph technique in actual case applica-
tions. The psychologists have erroneous-
ly assumed that the psychophysiologic
reactions in fictitious examinations occur
in the same way as they do in actual
criminal testing. Obviously such research
will be misleading as to the actual valid-
ity and reliability of the polygraph tech-
nique.

It is immediately evident to any pol-
ygraphist that Dr. Smith is poorly in-
formed as to actual polygraph proce-
dures. He refers to “control” questions,
and what he has to say about them indi-
cates that he has no understanding of
what they are. He refers to pitfalls in
the interpretation of chart interpretation,
implying that polygraphists are unaware
of them. He has quite a bit to say about
countermeasures, quoting statistics as to
how easily the polygraphist can be “beat-
en,” again based on testing college stu-
dents in sham theft situations. But he
and Dr. Kubis completely ignore the
fact that persons who are telling the
truth in actuality simply do not try to
“beat the test.” It is only the person who
is concealing information in an actual
case situation who will attempt counter-
measures. From these and other inaccu-
racies in the article it could be said that
Dr. Smith has not even read Truth and
Deception by Reid and Inbau, the most
definitive work on the subject.

6

Why must the polygraphist be sad-
dled with the requirement that he be
100 percent accurate? Even if a tenth
of the scare stories such as the one men-
tioned by Smith were true, there remains
one indisputable fact: the polygraph ex-
amination given by a competent exam-
iner is the most accurate system yet de-
vised to determine whether or not a
person is telling the truth. Errors in diag-
nostic techniques in other fields such as
medicine and psychology are accepted
as inevitable risks. But when a poly-
graphist makes one error in 1,000 ex-
aminations, he is branded as a charlatan
and the whole technique is referred to
as little better than tea-leaf reading.
Can psychologists and psychiatrists bring
forth proof that even one of their hun-
dreds of procedures, techniques or tests
is as valid and as reliable as properly
conducted, actual polygraph examina-
tions? The frequent contradictory opin-
ions offered by psychiatrists in court, one
against the other, has become a laughing
matter. In the trial of Jack Ruby, psy-
chiatrists, neurologists and one psycholo-
gist varied considerably about whether
or not Ruby was a psychomotor epileptic
variant. Five said he was and seven said
he was not.

Polygraphists are not unmindful of
the ethical and moral considerations in-
volved in their work. The rules for stan-
dards of professional conduct of the
American Polygraph Association are as
strict as any to be found in any profes-
sion. The polygraphist is just as con-
cerned with being able to exonerate an
unjustly accused person as he is with
detecting the criminal. In fact, far more
people are cleared of suspicion and un-
just accusation by the polygraph than
are found to be untruthful. However, in
considering the moral aspect of poly-
graph examinations a point can be
reached where overconcern for the
criminal and wrongdoer approaches the
“bleeding heart” and “sob sister” stage.
There is no absolute right to privacy. If
the use of the polygraph is an invasion
of privacy, then it can be said that every
investigative step and every preemploy-
ment inquiry is an invasion of privacy.
What about preemployment physical ex-
aminations, typing tests, dexterity tests,
psychological personality tests and I1Q
tests? Are not these invasions of privacy?
Does the right to work really mean that
anyone who wants a particular job must
be given it? If this were so, then every
rapist, child-molester, alcoholic, narcotic
addict or murderer who wants a sensi-
tive job must be hired! It is the poly-
graph that so often is the only way to
expose the unsuitable. No physical or

© 1967 SCIENTIFIC AMERICAN, INC

mental test ever detected a thief or a
traitor.

Admittedly there have been abuses in
the use of polygraph examinations, and
there are some polygraphists who are not
competent. The proper answer to cor-
recting this situation is through licensing
and control of polygraphists, and all eth-
ical polygraphists are seeking this. Oth-
er professions have had to correct some
of their practices, but not by outlawing
the profession.

GEORGE W. HARMAN

Director

John E. Reid and Associates,
Personnel Security Analysts

San Francisco, Calif.

Sirs:

Thank you for publishing the excel-
lent article by Burke M. Smith on the
polygraph. Objective analysis such as
Smith’s is sorely needed to contradict
the claims of polygraph purveyors.

I should like to bring Dr. Smith’s ar-
ticle up to date in reference to the num-
ber of states that have outlawed the use
of “lie detectors” in employment rela-
tions. In addition to Massachusetts, Ore-
gon, California and Alaska (which are
listed by Smith), the following states
have similar statutes: Rhode Island, New
Jersey, Maryland, Delaware, Washing-
ton and Hawaii. The cities of Akron,

Scientific American, March, 1967; Vol. 216, No.
3. Published monthly by Scientific American, Inc.,
415 Madison Avenue, New York, N.Y. 10017; Ge-
rard Piel, president; Dennis Flanagan, vice-presi-
dent; Donald H. Miller, Jr., vice-president and
treasurer.

Editorial correspondence should be addressed to
The Editors, ScienTiFic AMERICAN, 415 Madison
Avenue, New York, N.Y. 10017. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,

SciENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.
Subscription correspondence should be ad-

dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco, Calif. 94104,
For each offprint ordered please enclose 20 cents.

Microfilm correspondence and orders should
be addressed to Department SA, University Micro-
films, Ann Arbor, Mich. 48107.

Subscription rates: one year, $7; two years, $§13;
three years, $18. These rates apply throughout
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Sorry, Kathy,

But it’s one of the few kinds of
problems that our computers do
not get involved in. And solve.
When you bring your problems
to The Service Bureau Corpora-
tion, you get the services of not
just one latest-model IBM com-
puter but a nation-wide complex
of them. And if your problems

= computer

dating
iS not
our

specialty.

need it, you can have the entire
complex working for you.

But SBC is more than a lot of
nice computers.

We also have a large and highly
skilled staff of experts from
many scientific fields. They know
how to get to the heart of your
problem and put it into language
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that the computers understand.

So if you've got involved prob-
lems, but they don't involve find-
ing a date, let SBC in on them.

Be impulsive. Write to us now.
The Service Bureau Corporation,
Computing Sciences Division,
1350 Avenue of the Americas,
New York, New York 10019.

® The Service Bureau Corporation
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cuts, cleans, abrades, strips surface coat-
ings, adjusts microminiature circuits,

deburrs small parts and much more.

Airbrasive often pays for itself on its
first application by reducing handwork,
eliminating rejects, or simply by doing
an ‘impossible’ job. For under $1,000

you can set up your own Airbrasive unit.

Still skeptical? Send us a sample of your
impossible job for free tests.

SEND FOR
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INDUSTRIAL DIVISION
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Ohio, and Shively, Ky., and both the
city and the county of Baltimore also
have local statutes forbidding the use of
polygraphs as “lie detectors” in employ-
ment relations. In addition, several other
state legislatures have debated antipoly-
graph statutes. In both New York and
Wisconsin statutes were passed by both
houses of the respective legislatures but
were vetoed by Governor Rockefeller
and Governor Knowles. In several other
state legislatures (including Connecticut,
Ilinois, Michigan, Missouri and Ohio)
antipolygraph statutes were passed in at
least one house.

I should also like to expand on one
other area of the Smith article. Only two
paragraphs of this article relate specifi-
cally to the ethical problems involved
in the use of the polygraph as a “lie de-
tector.” No reference is made to what
I believe is the fundamental question.
The use of the polygraph in employment
relations reverses the basic Anglo-Saxon
tenet that a person is innocent until
proved guilty.

When all employees in an establish-
ment are required to take a “lie detector”
test to prove their individual innocence,
then workers are put in the position of
being guilty until proved innocent. To
say that the taking of a test is voluntary
is a clear evasion. Unfortunately the un-
substantiated claims of those with vested
interests in the polygraph have led to a
generally misinformed public and there-
fore an employee who refuses a test is
under suspicion by his fellow employees
as well as by his employer.

The only sure protection for a worker
is not to gamble on the “lie box” game.
A worker who refuses the gamble joins
such distinguished Americans as former
Assistant Secretary of Defense Arthur
Sylvester, former Director of Naval In-
telligence Rear Admiral Rufus Taylor
and Representative John E. Moss. Sec-
retary Sylvester refused a “lie detector”
test when a suggestion was made during
an investigation of an information leak
that all defense officials be tested. In his
article Dr. Smith referred to the Moss
committee hearings. The following ex-
change took place between Congressman
Moss and Admiral Taylor during those
hearings:

Moss: “Of course, Admiral, I have
since April of last year been directing a
staft study of polygraphs. We have been
attempting to get together a great deal
of information so that we would be in a
position to understand the full subject
and prepare for these hearings.

“I started this assignment with no
definite opinion on polygraphs. I had

| never given them much thought, but as
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a result of the experience of the past 12
months I would refuse most emphati-
cally to take one, unless perhaps I had
my personal physician, a psychiatrist,
and my lawyer with me and had their
evaluation of what was going on.”

Admiral Taylor: “I really can hardly
blame you for taking that view, particu-
larly in view of some of the things I have
heard in sitting in this hearing on the
sidelines.... I have misgivings about
this thing, too. What I feel to be a lot of
pseudo-scientific nonsense that has been
discussed here. ... But if you want my
considered opinion as someone advising
you to what your rights [are] and where
your best interests lie, I would say don’t
take a polygraph examination.”

I am hopeful that articles such as Dr.
Smith’s will assist in the campaign to
add to the number of states that have
outlawed “lie detectors” in employment
relations.

BErTRAM GOTTLIEB

College of Business Administration
University of Iowa
Iowa City, Iowa

Sirs:

Geoffrey Burbidge and Fred Hoyle
incorrectly attribute the discovery of
quasars to me alone [“The Problem of
the Quasi-stellar Objects,” by Geoflrey
Burbidge and Fred Hoyle; ScIENTIFIC
AMERICAN, December, 1966]. The 1960
work that led to the identification of the
first three objects of the class (3C 48, 3C
196 and 3C 286), and to the discovery
of their peculiar spectrum, ultraviolet
excess and light variation, was done
jointly with Thomas A. Matthews, then
at the Owens Valley Radio Astronomy
Observatory and now at the University
of Maryland.

ALLAN R. SANDAGE
Mount Wilson and Palomar

Observatories
Pasadena, Calif.

‘ ERrRATUM

‘ On page 42 of the article “The

Repair of DNA” (SCIENTIFIC AMER-
1caN, February) reference is made
to John M. Clark, Jr., of the Uni-
versity of California at Berkeley.
The correct name is Alvin John
Clark. '




For something to be special,
sometimes it has to be different. Not
simply to be uncommon, but differ-
ent in order to be better.

Many people who live with a
personal style, who won'’t settle for
the ordinary, find Citroen their spe-
cial car. Citroen shares their point-
of-view. It shunned conventional
engineering, ordinary design, devel-
oped new ways of doing the job
better.

The “élan” of a Citroen ex-
tends beyond its aerodynamic body.
It is comprised of a formidable col-

When you’re different,

you'd better be
special.

lection of features never before com-
bined in one car.

Front wheel drive for astonish-
ing traction, precision steering and
control. Unique hydropneumatic
suspension for a luxurious, cloud-
like ride, but with firmness and sta-
bility. Mono-shell construction that
provides a rigid zone of safety
around passengers. A truly haute
couture interior that offers “salon”
comfort.

The list of ‘“‘special differ-
ences’” goes on: Michelin XAS
Radial Tires, proportional dual brak-

% i Gt

"
Citroen Cars Corporation, East: 641 Lexington Avenue, New York, N.Y. 10022 West:
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ing and inboard power disc brakes,
constant level ride, fully padded
interiors, exceptional visibility. And
others.

The Citroen is a different kind
of car...and a very special one. Spe-
cial enough to meet your needs for
a personal, business or family car.
Find out just how special. Take a
different kind of test drive. Simple
as checking your Yellow Pages
for your Citroen Dealer. Or write.

Citroén




Words
dboul
Wines

It has occurred
to us that a
good product
— like a good
wine — gains
far more re-
nown from what
Its users say about
it than from what its
makers say about it,
Theretfore, in this column we
eschew the lemptlation to dis-
cuss thal over which we labor in
our own vineyard, and instead
bring you each month some ran-
dom thoughts on the science of mak-
ing wines and the art of enjoying them.

*First, a comforting thought for the
wine lover who is aware of the value
of the grape as a gentle tranquilizer,
bul who worries lest its nourishing
effecl on his psychical well-being is
olfset by any threat to his physical
welfare. Rest easy, There is sound
medical evidence that—among wine’s
many salutary effecis—it may be use-
ful in prevention or treatment of cor-
onary problems. (But if it increases
your appetite and you over-eat, that's
another problem.)

* Wine-making is as old as history.
You'll find more than 150 reflerences
to it in the Bible (including a number
counseling ils ltemperate use). The
more recent history of wine still has
a religious flavor. Vitis vinitera, the
Old World grape, was first intro-
duced in California — where 80% of
U. S. wine is made — by the Spanish
missionaries in 1769. Much wine is
still produced today in monastic
surroundings.

*The spirit of inquiry leads many
Americans to make their own wine at
home, under a law that lels heads of
households make 200 gallons for
personal use. It is an official tribute
to wine's unique status as a lood.
Most of the results are so unusual
they are quietly trickled down the
drain after a few months. Write to us
for a how-to bulletin if you have
hopes of doing better.

UNION
CARBIDE

ELECTRONICS

SEMICONDUCTOR PRODUCTS
365 Middlefield Road * Mountain View, California

o0 AND 100
YEARS AGO

MARCH, 1917: “A few weeks ago,
before even the rumors of the great
Russian revolution had reached us, we
suggested that if we wished to strike
a decisive blow on the battlefields of
Europe, we could do so most effectively
by arming and supplying the many mil-
lions of reserve troops in the Russian
army, which cannot be used at the front
because they are lacking in munitions
and equipment. Russia has now be-
come, like us, a democracy. Hence there
are compelling reasons of sentiment and
mutual aspirations that would render
our munitionment of Russia particularly
appropriate. There is no finer fighting
material in Europe today than the stal-
wart Russian peasant. Now that the
army has been purged of the poison of
Prussian intrigue and relieved of the
burden of bureaucratic incompetency,
we believe that if its millions were am-
ply equipped, it would move forward
to an overwhelming victory. The Pa-
cific Ocean is not infested with subma-
rines, and shipment of munitions by
way of Vladivostok and the Trans-
Siberian Railway would be unimpeded.
Moreover, our munition ships, under
convoy of our own and the Allied fleets,
would be able to make deliveries
through the ports of northern Russia.”

“There are more than 100 aeroplanes
in flight service in the United States
to-day, as compared with 12 a year ago.
Five hundred will be in service, it is
understood, at a relatively early date.
There are 50 rated military aviators
to-day, in addition to 50 officer-students
at San Diego. There are 50 reserve
corps aviators in various stages of ad-
vancement. About 650 elementary
licenses have been issued to aviators in
this country since the beginning of the
art. A goodly number of men to whom
these licenses were issued are not now
available for service.”

“Since the preliminary announcement
that he had found an apparent relation
between the sunspot period and the

| behavior of the polar caps of Mars,

© 1967 SCIENTIFIC AMERICAN, INC

M. Antoniadi has published detailed
observations that appear to establish
this relation in a striking manner. Ex-
cept in two years, 1862 and 1877, when
local conditions on Mars may have dis-
turbed the effects of solar radiation, he
finds that whenever sunspots are large
and numerous the melting of the Mar-
tian polar caps is rapid, and that when-
ever sunspots are small and few the
melting of the caps takes place slowly.”

“A steel that does not stain or tarnish
is one of the latest new materials and
will be welcomed by the housewife as
a real boon. It is called ‘stainless steel’
and from it table cutlery is being made
that not only takes a beautiful polish
but also preserves this appearance under
all circumstances. The new chromium-
alloy steel was discovered in England
but is now being made in the United
States and sold as table cutlery. Its
possibilities, however, are by no means
limited to cutlery. One can readily imag-
ine to what countless uses a stainless
and rustless metal can be put.”

MARCH, 1867: “M. Jean Dollfus, a
large manufacturer in France, finding
upon investigation that the women em-
ployed in his factories lost 40 per cent
of their children in the first year, where-
as the average mortality at that age in
France is only 18 per cent, determined
with a princely philanthropy to go to
the root of the evil by paying every re-
cent mother six weeks’ wages without
work. The result has been the reduc-
tion of infant mortality in the district
from 40 to 25 per cent in three years.
Other manufacturers have introduced a
similar plan, by inducing the employees '
to contribute to a fund. The subject is
of importance everywhere, and some
provision of the kind is demanded by
humanity for both mothers and chil-
dren.”

“Prof. Tyndall has recently unfolded
in a lecture at the Royal Institution the
result of his investigations of the effect
of sounds upon flames. He exhibited a
most wonderful set of experiments on
flames or gas jets thrown through glass
tubes. These tubes were of all varieties
of length and size, and by singing to
them, reciting lines of poetry to them
and sounding tuning-forks at them the
lecturer exhibited from each flame a
distinct note or song, and the room was



Report from

BELL
LABORATORIES

> MICROSCOPE

HOLLOW

/ HEATING

SOLID- LIQUID . POWER

INTERFACE

Experimental setup in which photographs such as that below were taken.
The glass slide or cell—containing a liquid which freezes like a metal—is placed
between hot and cold blocks of brass. This produces a temperature difference
along the slide. A solid-liquid interface then forms between the two blocks. By
moving the slide toward the cold block at a constant rate, one can observe the
steady growth of the crystal under the microscope.

Bell Laboratories’ model (200x) permits physical simulation of a eutectic phase
diagram for an alloy such as lead-tin. Diagram relates liquid proportions (horizontal
scale) to temperature (vertical).

Two different liquids were putinto a single slide . . . hexachloroethane on the left and
carbon tetrabromide on the right. After a brief period, the liquids formed a graded
mixture, from 100% of one at the left to 100% of the other at the right. The mixture was
partially frozen, then photographed with the slide stationary. The solid-liquid interface
(arrows) then showed the freezing point for every possible composition.

The ‘‘grid’’ under the solid-liquid interface is made up of alternate solid layers of the
two chemicals (the eutectic region).
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Inside Solidifying Metals

At Bell Telephone Laboratories,
metallurgist Kenneth A. Jackson has
devised transparent models of solidi-
fying molten metals. With these models,
we can now study what happens inside
a metal as it freezes. This gives us a
tool which promises to improve existing
alloys and will perhaps help us find
new and better ones.

The models are hollow microscope
slides (diagram) containing such or-
ganic liquids as camphor or carbon
tetrabromide. These compounds are
among the few transparent substances
whose molecules freeze without having
to rotate into a specific orientation.
Metal atoms act the same way, hence
the similarity in freezing behavior.

Various modes of metal-crystal
growth—planar, dendritic (tree-like
branching) and cellular—have been
studied in detail with this technique.
Also, the solidification of alloys has
been simulated (photo). To do this,
liquids with freezing characteristics
corresponding to those of two metals
are mixed and cooled. With this pro-
cedure, Jackson and J. D. Hunt (now at
the University of Oxford) observed, for
the first time, the process by which the
“equiaxed” zone forms in alloy cast-
ings. This is a zone of relatively small
crystals, usually found in the center of
an alloy casting. The new technique
shows that the equiaxed zone results
from "‘branches’ melted from dendritic
crystals. As the alloy cools, freezing
begins at the outer surface, producing
dendrites which project inward toward
the hotter, liquid center. Branches,
melted from these growing dendrites,
are carried to the center of the casting
to form the crystals of the equiaxed
zone.

Until now, the only methods for study-
ing metal freezing were laborious . ..
cutting, polishing and etching, for
instance. The new technique is not
only simpler but also reveals hitherto
unknown details of crystal growth.

Bell Telephone Laboratories

Research and Development Unit of the Bell System



You'd expect Gaertner to build an
ellipsometer that measures just
how thin a thin film is, and we do!

Do you work with thin films? A number
of scientists and engineers engaged in
scientific research, product development,
and quality control use the tool of elliptically
polarized light for investigation and meas-
urement. We supply the versatile, precise
instrumentation such work requires. May

we tell you about how Gaertner Ellipso-
meters and other Gaertner measuring
instruments can help you? Write for the
comprehensive index to Gaertner Instru-
ments and for Ellipsometer Bulletin 203.
Gaertner Scientific Corporation, 1236
Wrightwood Ave., Chicago, lllinois 60614.

Angstroms, microns
or arc-seconds--
you can measure
almost anything
with Gaertner
instruments.

GAERTNER®
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at times filled with harmonies as of
many aeolian harps. One flame was so
sensitive that, although it was 20 inches
long, the slightest tap on a distant anvil
knocked it down to eight inches, and
the dropping of a sixpence threw it into
a violent commotion. Another flame
could not tolerate the utterance of a let-
ter S, and a hiss from some one, which
the Professor invited, made it flare and
shiver in the most ludicrous way.”

“M. Niepce de St. Victor has recently
communicated to the French Académie
des Sciences the results of his latest re-
searches, having for their object to ob-
tain and fix the colors of nature by
means of photography. His paper is full
of important new facts, proving that the
fixation of natural colors on the photo-
graphic tablet as a practical and avail-
able result, which for a long time has
been considered as a dream, is perhaps
not so far from being fully realized—
not as a mere scientific experiment but
as the completion of the splendid dis-
covery of photography.”

“As a result of the late strike in the
iron trade in England, a scheme has
been started at Darlington, which ap-
pears to have the sanction of the iron-
workers of the district and is principally
under their management, to erect roll-
ing mills on the co-operative principle.”

“M. Bazin has obtained clear sub-
marine photographs at a depth of 300
feet in his diving studio by means of the
electric light thrown through water-
tight lens windows upon the objects that
are to be photographed. The value of

| this invention in submarine surveying is

obvious.”

“The latest report to the Atlantic
Telegraph Company states that its prof-
its from the time of the opening of the
line, July 28, 1866, have been at the
rate of 25 per cent per annum on its
capital ($3,000,000), although the bus-
iness is said to be only about one-twelfth
of the capacity of the two cables, in
consequence of the exorbitant rate
charged. With a view to still greater
profits, the rate was reduced to $1.25
per word on the Ist of March. One
hundred words per minute can be sent
through each cable.”

“A volcano in the moon is said to be
in active eruption. The crater called
Linné has been lately observed to be
obscured, and it is said that the same
darkness was observed on this spot in
1788.”



Moving air is easy. .. controlling it takes an expert

The truly great blues singer is a marvel of complex simplicity. She stamps a simple

song as her own by adding subtle variations in tempo, dynamics or timbre. Or she

reduces a complex composition to a straight-from-the-heart ballad that is remem-

bered by millions as “"our song.” This is what makes a pro. In the business of moving Ty o

air, our Design Engineers are pros, whose latest development is the Crossflo® [} == TORRINGTON
blower. This compact, quiet unit works against high pressures, and produces a

ribbon of air. The Crossflo’s straight through principle allows a limitless width of

air, too. Data and samples readily available.

The Torrington Manufacturing Company.

United States: Torrington, Conn./Van Nuys, Calif./Rochester, Ind.  Canada: Oakville, Ont.  England: Swindon, Wilts.  Belgium: Nivelles Australia: Sydney
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Watching the Oceans: A report from General Dynamics

Wouldn’t it be nice if you could plan a
vacation and know weeks ahead that
the weather would be good?

Actually, 24-hour local forecasting
is right almost 85 percent of the time.
But longer range prediction—on which
can depend anything from a vacation
trip to the success of a year’s wheat
crop—is far less certain.

Even though information from
hundreds of full-time land weather
stations is supplemented by measure-
ments in the upper atmosphere and
reports from weather satellites, a vital
link in the chain has been missing.

Weather is essentially born or modi-
fied as a result of the interaction of
sun and air with the oceans that cover
two-thirds of the earth’s surface.

Oceanography and meteorology can
be considered two faces of the same
coin—the study of the total marine en-
vironment. And relatively little is
known about it yet.

Seagoing “weather bureau’:

What has been needed to fill the gap is
an oceanographic “weather bureau.”

It would have to stay in place in the
deepest part of the sea, regardless of
storm or current; collect environmen-
tal information from the atmosphere,
the surface and the depths; send that
information regularly and correctly
back to land.

And it would have to do all these
jobs without human presence for long
periods of time.

With a network of such sea stations
seeded throughout the world, oceanic
information could be integrated with
that obtained from land stations and

from space. Meteorologists could de-
termine the patterns that will create the
weather next week, or perhaps months
hence.

Oceanographers could analyze the
subsurface currents, the levels of dis-
solved nutrients in the water, the mi-
gratory patterns of fish to anticipate
their location for commercial fishing.

And with navigation lights, fog
horns and radar beacons at known po-
sitions, such a network would provide
invaluable navigation aid for ships.

Monster buoys:

Today, the beginning of such a world-
wide system may be at hand—an ocean
data station, more commonly known
as a monster buoy, developed and built
by General Dynamics for the United
States Navy’s Office of Naval Re-
search.

The first prototype has been under-
going sea trials since 1964, collecting
and sending its information through
calm and hurricane.

This ocean data system consists of
a giant pieplate-shaped buoy, forty
feet in diameter and seven and one-
half feet deep, containing an assort-
ment of environmental measuring de-
vices and the electronic and power
equipment to collect and transmit to
shore the data acquired.

It can be “locked” in place, moored
to an ocean floor as deep as 30,000
feet, by a plaited nylon cable only two
inches thick. Although the buoys are
presently designed to operate for a
year at a time without human mainte-
nance, the conventional propane-pow-
ered generator systems that provide

Someday a large network of ocean data stations
could simultaneously supply information about
weather and oceanographic factors throughout all

‘ the oceans. Land-based scientists could receive an
almost minute-by-minute picture of what is going
on throughout the total marine environment.
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electricity for the buoy’s operation
carry a two-year supply of fuel.

Unlike a traditional ship, which ex-
aggerates the motion of waves, partic-
ularly in side-to-side pendulum-like
rolling, the symmetrical, discus-shaped
buoy hull follows the slope of the
waves, reducing pitching and rolling
to a minimum. Its stability keeps its
omnidirectional antenna in proper po-
sition to radio information to a shore
analysis station.

Defies hurricanes:

No one really knows just how rough
the weather might get in a full-scale
typhoon or hurricane—defined only as
a cyclonic storm with winds of over
75 miles per hour—because of the ob-
vious difficulty of humans taking ac-
curate measurements under such con-
ditions.

The General Dynamics/ONR ocean
data station was designed to withstand
winds of 160 miles per hour and waves
60 feet high.

Buoy Bravo, the first prototype, re-
mained in place under winds of 110
miles per hour and waves 50 feet high
during Hurricane Betsy in 1965, with
no interruption in its flow of informa-
tion. Its elastic nylon mooring line
permits the buoy to drift slightly and
then pull back to position without
dragging its “anchor” of steel chain.

Typhoons and hurricanes, luckily
occur only occasionally. But the in-
tensely corrosive environment of the
sea is constant. For protection, the
buoy’s steel hull, mast and antennae
are coated with inorganic zinc and sev-
eral layers of vinyl.

A hundred tests:

An assortment of sensors can be lo-
cated on the 38-foot-high mast and on
the radial spokes of the discone an-
tenna to measure wind, humidity, pre-
cipitation, radiation (from the sky and
reflected back from the sea), baromet-
ric pressure, and compass bearing.

Others inside and immediately un-
der the hull will read water tempera-
ture at the surface, wave height, period
and direction.

Clamped along the mooring line at
regular intervals underwater, still oth-
ers will measure temperature, pressure
and salinity and determine the struc-
ture of subsurface layers of the depths.

Inside the hull, rugged electronic
components and circuitry will acquire,
store and transmit information from
as many as 100 separate sensors.

These subsystems will be packaged
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vidual sensors can be checked contin- ; '
ually). Measurements will go into both
a magnetic core memory with a ca-
pacity of 24 hours of data and a re-
corder that will store a full year’s in-
formation.

Every six hours a ground station
will interrogate the buoy, command-
ing it to transmit all information accu-
mulated during the past twenty-four
hours. Each discharge of data will pro-
vide an eighteen-hour overlap, giving
scientists a continuous record.

The ground station will also instruct
the buoy to transmit data on the par-
ticular one of its three radio channels
which will assure best reception on
shore of long-distance “bounce” off
the ionosphere.

AIR EXHAUST

Benefit for all nations:

A few prototype monster buoys do

not, to be sure, constitute a full-scale

oceanic.environm.ental survey. They SURFACE CURRENT
do provide a starting point for a truly AND TEMPERATURE
international system —one in which all DATA ACQUISITION PACKAGE
nations would share, and from which

all would benefit.

But now that the practicality of an
ocean data station has been proved,
the many elements of a total system are SALINITY, PRESSURE
already being worked out: the opti- L i \
mum number and locations of stations
to provide simultaneous coverage
throughout the seas; ways to integrate
at central analysis stations the ocean
data with that from land and space; MOORING LINE CAN EXTEND TO 30,000 FEET
techniques of maintenance and replen-
ishment for the seaborne network; de-
velopment of devices to measure many
kinds of subsurface phenomena.

The day when data stations will be
dotted throughout the oceans for a
genuine oceanographic-meteorologi-
cal environmental watch could come
within a decade.

WAVE MEASUREMENT

General Dynamicsis acompany of sci-
entists, engineers and skilled workers
whose interests cover every major field
of technology, and who produce: air-
craft; marine, space and missile sys-
tems; tactical support equipment;
nuclear, electronic, and communica-
tions systems; machinery; building
supplies; coal, gases.

Reprints of this series are available.

GENERAL DYNAMICS

One Rockefeller Plaza, New York, New York 10020 Redundant sensors and systams not identified
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The loneliness of the
long-distance thinker.
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In the gently rolling countryside of
Maryland, we maintain the Research
Institute for Advanced Studies
(RIAS). There, scientists spend long,
patient hours in the laboratory. Or
perhaps they merely sit alone and
think. Their work is dedicated to
solving problems that are beyond the
limits of presentscientific knowledge.

The sleepy Maryland countryside
might seem an odd place for RIAS,
where intellectual ferment and radical
innovation are all part of aday’s work.

The Institute itself is an airy mod-
ern building which nestles comfort-
ably on the side of a hill. It occupies
little more than an acre of the 29-acre
site, much of it wooded.

There are usually some fifty scien-
tists and their assistants at work on
perhaps a dozen major programs.

Each project is aimed at a specific
answer to one of the mysteries of
aerospace and related technology.
But the work is so advanced that the
answers also increase the fundamental
knowledge of our world and its
universe.

That’s a big order, and it may sound
grandiose. In actuality, the research
scientist’s job is often a hard, lonely,
grinding one. And it may take years
of work before a theory can be proved
—or disproved—by physical evidence.

RIAS projects are diverse. Presently,

one project has physicists and metal-
lurgists exploring the inmost structure
of materials. Why do certain metals
and minerals react the way they do to
their environment? How can we mod-
ify the basic structure of materials to
meet demands far beyond today’s
most advanced technology?

Another RIAS project is concerned
with microbes that require no light
for growth. They could be used in a
system that efficiently meets food,
oxygen and waste-disposal require-
ments on long space flights.

In a third project, physicists discov-
ered a chemical mechanism that con-
trols burning rate in primary explo-
sives and solid rocket oxidizers.

RIAS was established in 1955, the
first such research organization in the
aerospace field. Since then, its scien-
tists have explored scores of problems
in many fields.

As to the value of such research, Dr.
Homer E. Newell of NASA compares
basic research to sowing seed, applied
research to tending the crops, and de-
velopment to reaping the harvest. We
feel it makes good sense to do all
three.

The several divisions of Martin Marietta
produce a broadly diversified range of prod-
ucts, including missile systems, space
launchers, nuclear power systems, space-
craft, electronic systems, chemicals and con-
struction materials. Martin Marietta Cor-
poration, 277 Park Avenue, New York, N.Y.

MARTIN MARIETTA
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WAVETEK uses | |
Allen-Bradley Type F variable resistors
their

exclusively because of

* Quality performance
% Excellent stability
* Infinite resolution

One of the 5-inch by 6'%-inch Wavetek printed circuit cards, showing 15 of the 25
Allen-Bradley Type F hot molded variable resistors and numerous hot molded fixed

resistors used in
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Type F variable resistor with pin type
terminals for mounting directly on
printed wiring boards. Rated 14 watt at
70°C. Total resistance values from 100
ohms to 5 megohms.

TYPEF

Are =

Actual Size

B The precision waveforms generated by Wavetek’s
Model 111 VCG place exacting demands on the large
number of variable resistors used to set amplitudes to
very precise values and assure symmetry of all functions.
They must provide velvet smooth control, and quiet
operation. And since this is a Wavetek adjustment, it is
essential that the variable resistors, once adjusted, will
stay “put”.

Allen-Bradley Type F variable resistors satisfy all of
these requirements, because they have the same solid
hot molded resistance track as the famous Type J and
Type G variable resistors. There’s velvet smooth control
at all times—never the problem of discrete steps com-

AB

the Model 111 VCG function generator.

mon to all wire-wound units. And since Type F variable
resistors are essentially noninductive and have low dis-
tributed capacitance, they can be used at high frequen-
cies where wire-wound controls are useless.

When a manufacturer like Wavetek has standardized
on the quality of A-B electronic components, you can be
sure of the superior performance of such equipment.

For more details on the complete line of Allen-Bradley
quality electronic components, please write for Publica-
tion 6024. Allen-Bradley Co., 1204 South Third Street,
Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Avenue,
New York, N.Y., U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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THE AUTHORS

GEORGE M. WOODWELL (“Toxic
Substances and Ecological Cycles”) is
an ecologist at the Brookhaven National
Laboratory. His original field of study
was botany; he received an undergradu-
ate degree in that subject at Dartmouth
College in 1950 and master’s and doc-
tor’s degrees from Duke University in
1956 and 1958 respectively. From 1957
to 1962, when he joined the Brookhaven
staff, he taught at the University of
Maine. He notes that his article “in no
way reflects an official attitude of the
U.S. Atomic Energy Commission or
Brookhaven National Laboratory.”

E. F. ADOLPH (“The Heart’s Pace-
maker”) is emeritus professor of physi-
ology at the University of Rochester. He
was graduated from Harvard College in
1916, obtained a Ph.D. from Harvard in
1920 and taught zoology at the Univer-
sity of Pittsburgh before going to the
School of Medicine and Dentistry at the
University of Rochester in 1925 as as-
sistant professor of physiology. He has
been interested in a number of regula-
tory processes in physiology, particularly
the beginnings of such processes in the
individual. In 1953 he was president of
the American Physiological Society. Al-
though he retired in 1960, he continues
to work regularly in his laboratory at the
university.

TAHSIN OZGUC (“Ancient Ararat”)
is chairman of the department of Near
Eastern archaeology at the University
of Ankara. He describes himself as an
“archaeologist, explorer and excavator.”
Ozgii¢ received a Ph.D. from the Uni-
versity of Ankara in 1942. Four years
earlier he had his first experience in field
archaeology, accompanying a Turkish
mission at work in various parts of Ana-
tolia. In 1945 he was head of an expedi-
tion to Central Anatolia and made exca-
vations at Sivas, Ankara and Karahiiyik.
In 1948 he began a dig at Kiiltepe (an-
cient Kanish); his work on the site he
d_escribcs in his article began in 1959.
Ozgii¢ is a member of the Turkish His-
torical Foundation and the German Ar-
chaeological Association.

ALBERT R. HIBBS (“The Surface of
the Moon”) is senior staff scientist at the
Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology and also
science editor of the National Broad-
casting Company. With a bachelor’s de-

gree in physics from Cal Tech, a master’s
degree in mathematics from the Univer-
sity of Chicago and a Ph.D. in physics
from Cal Tech, he joined the lab-
oratory 15 years ago and has been in-
volved in various research projects on
astronomy and engineering for space
ventures. In broadcasting he has been
host of the weekly television program
“Exploring” and the weekly radio pro-
gram “World of Science.” He has also
acted as consultant to several local
boards of education in Southern Cali-
fornia and to the state board of educa-
tion on curriculum planning, programs
for gifted children and the special train-
ing of science teachers.

ALBERT BANDURA (“Behavioral
Psychotherapy”) is professor of psy-
chology at Stanford University. He was
graduated from the University of Brit-
ish Columbia in 1949, received a Ph.D.
from the State University of Iowa in
1952 and joined the Stanford faculty in
1953. He writes: “I am primarily inter-
ested in the development of social-learn-
ing theory and its applications to issues
concerning personality development,
psychopathology and psychotherapy.
Most theories of learning rely heavily on
a limited range of principles established
on the basis of studies of animals or of
human learning in one-person situations.
In order to account adequately for social
phenomena it is necessary to extend and
revise these principles through studies
of the acquisition and modification of
human behavior in social situations.”

HUGO BOYKO (“Salt-Water Agri-
culture”) is president of the World Acad-
emy of Art and Science. An ecologist
by training and experience, he retired
in 1961 as ecological adviser to the gov-
ernment of Israel but has continued his
activity in this area. While he was trav-
eling recently an associate wrote: “When
one mentions ‘Dr. Boyko,” one usually
thinks of ‘the Boykos,” because they are
a scientific husband-wife team. Elisa-
beth Boyko, a horticulturist, has been
Hugo Boyko’s co-worker since they met
in Vienna back in the *20’s.” Of Hugo
Boyko the associate wrote: “He is a
very original thinker who never ceases
to surprise me with the simplicity of his
approach and the solutions he presents
to problems. In fact, by his humanistic
approach, his encyclopedic knowledge
and his proficiency in so many fields out-
side his scientific work (in his younger
years he used to be an excellent athlete
and he still is an accomplished carpen-
ter) he reminds me of the outstanding
men of the Renaissance.” Boyko received
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a doctorate in botany and zoology from
the University of Vienna in 1930 and
taught there for five years before moving
to Palestine.

LYNWOOD BRYANT (“The Origin
of the Automobile Engine”) is associate
professor of history at the Massachusetts
Institute of Technology, where he teach-
es courses in American intellectual his-
tory, American economic history and the
history of transportation in the U.S. Bry-
ant was graduated from Harvard Col-
lege in 1929 with a degree in English lit-
erature; in 1938 he obtained a master’s
degree in American civilization at Har-
vard. He writes: “My chief professional
interest is in the history, philosophy and
sociology of technology. In this area I
have no academic training, but I have
considerable experience.” He is also in-
terested in technical writing and publi-
cation, which was his major interest
while he was director of the M.I.T. Press
from 1957 to 1962. In addition to his
other work Bryant serves as master of
McCormick Hall at M.I.T.

WILLIAM B. SAMPSON, PAUL P.
CRAIG and MYRON STRONGIN (“Ad-
vances in Superconducting Magnets”)
are physicists at the Brookhaven Na-
tional Laboratory. Sampson, who is in
the accelerator department, went to
Brookhaven from the University of
Toronto, where he received a Ph.D.
in 1963. His major interest is the ap-
plication of high-field superconductiv-
ity to high-energy physics, particularly
in equipment for handling accelerator
beams. Craig, who with Strongin is in
the physics department at Brookhaven,
was graduated from Haverford College
in 1954 and obtained a Ph.D. from the
California Institute of Technology in
1959. Since 1962 he has been leader of
the cryogenics group at Brookhaven; his
interests include the Maossbauer effect
and the properties of matter at ultralow
temperatures. Strongin, a member of the
cryogenics group, was graduated from
Rensselaer Polytechnic Institute in 1956
and received a Ph.D. from Yale Univer-
sity in 1962. His current research inter-
ests are thin films and the possibility of
obtaining high-temperature supercon-
ductors.

JOHN C. KENDREW, who in this
issue reviews Phage and the Origins
of Molecular Biology, edited by John
Cairns, Gunther S. Stent and James D.
Watson, is deputy chairman of the Med-
ical Research Council’s Laboratory of
Molecular Biology in Cambridge, En-
gland.
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Aha!
You were expecting
another get tough

with Avis ad.

After being picked at by No. 2 for four years,
we got a little irritated.

We felt we had to say something about the
things that have been implied about us.

Mostly because these things aren’t true. And
our people who clean, service, deliver and take
reservations wanted the air cleared.

And now that we’ve gotten the irritation out
of our systems, all future advertising will be de-
voted solely to acquainting you with how reliable,
resourceful, helpful and pleasant we are so you’ll
come in and rent a car from us instead of our
dear friends down the street.

No. 1 with pleasant new Fords and other good cars.
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Everything’'s taking on
a new look at Bendix.

You can see it in exciting new
products like this Channeltron®
Electron Multiplier that amplifies
an electron input up to 1,000,000
times. It will launch a new family
of products in the optical and
electronic industries.

You can see it in our new corporate symbol you're
viewing here for the first time. You can see it in
Bendix sales that have climbed to more than

$1 billion a year. And you can see it in our growth in
every market we serve—aerospace, electronics,
oceanics, automotive and automation.

Throughout our worldwide facilities, we are
involved in new research, new industries, even new
technologies.

A lot is new at Bendix. But the heart of our business
is still the same. It's creating new ideas and
developing them to maximum usefulness—whether
we're serving as creative engineers . . .
manufacturers . . . or professional problem-solvers
for industry and government.

Bendix 4

Where Ideas Unlock the Future

The Bendix Corporation/Fisher Bldg./Detroit, Michigan 48202
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Toxic Substances and Ecological Cycles

Radioactive elements or pesticides such as DDT that are released

in the environment may enter meteorological and biological cycles

that distribute them and can concentrate them to dangerous levels

he vastness of the earth has fos-
I tered a tradition of unconcern
about the release of toxic wastes
into the environment. Billowing clouds
of smoke are diluted to apparent noth-
ingness; discarded chemicals are flushed
away in rivers; insecticides “disappear”
after they have done their job; even the
massive quantities of radioactive debris
of nuclear explosions are diluted in the
apparently infinite volume of the en-
vironment. Such pollutants are indeed
diluted to traces—to levels infinitesimal
by ordinary standards, measured as parts
per billion or less in air, soil and water.
Some pollutants do disappear; they are
immobilized or decay to harmless sub-
stances. Others last, sometimes in toxic
form, for long periods. We have learned
in recent years that dilution of persistent
pollutants even to trace levels detectable
only by refined techniques is no guaran-
tee of safety. Nature has ways of concen-
trating substances that are frequently
surprising and occasionally disastrous.
We have had dramatic examples of
one of the hazards in the dense smogs
that blanket our cities with increasing
frequency. What is less widely realized
is that there are global, long-term eco-
logical processes that concentrate toxic
substances, sometimes hundreds of thou-
sands of times above levels in the en-
vironment. These processes include not
only patterns of air and water circula-
tion but also a complex series of biologi-
cal mechanisms. Over the past decade
detailed studies of the distribution of
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by George M. Woodwell

both radioactive debris and pesticides
have revealed patterns that have sur-
prised even biologists long familiar with
the unpredictability of nature.

Major contributions to knowledge of
these patterns have come from studies
of radioactive fallout. The incident that
triggered worldwide interest in large-
scale radioactive pollution was the hy-
drogen-bomb test at Bikini in 1954
known as “Project Bravo.” This was the
test that inadvertently dropped radio-
active fallout on several Pacific islands
and on the Japanese fishing vessel Lucky
Dragon. Several thousand square miles
of the Pacific were contaminated with
fallout radiation that would have been
lethal to man. Japanese and U.S. ocean-
ographic vessels surveying the region
found that the radioactive debris had
been spread by wind and water, and,
more disturbing, it was being passed
rapidly along food chains from small
plants to small marine organisms that ate
them to larger animals (including the
tuna, a staple of the Japanese diet).

The U.S. Atomic Energy Commission

and agencies of other nations,
particularly Britain and the U.S.S.R.,
mounted a large international research
program, costing many millions of dol-
lars, to learn the details of the move-
ment of such debris over the earth and
to explore its hazards. Although these
studies have been focused primarily on
radioactive materials, they have pro-
duced a great deal of basic information
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about pollutants in general. The radio-
active substances serve as tracers to
show the transport and concentration of
materials by wind and water and the bio-
logical mechanisms that are character-
istic of natural communities.

One series of investigations traced the
worldwide movement of particles in the
air. The tracer in this case was strontium
90, a fission product released into the
earth’s atmosphere in large quantities by
nuclear-bomb tests. Two reports in 1962
—one by S. Laurence Kulp and Arthur R.
Schulert of Columbia University and the
other by a United Nations committee—
furnished a detailed picture of the trav-
els of strontium 90. The isotope was con-
centrated on the ground between the
latitudes of 30 and 60 degrees in both
hemispheres, but concentrations were
five to 10 times greater in the Northern
Hemisphere, where most of the bomb
tests were conducted.

It is apparently in the middle latitudes

FOREST COMMUNITY is an integrated
array of plants and animals that accumu-
lates and reuses nutrients in stable cycles,
as indicated schematically in black. DDT
participates in parallel cycles (color). The
author measured DDT residues in a New
Brunswick forest in which four pounds
per acre of DDT had been applied over
seven years. (Studies have shown about
half of this landed in the forest, the re-
mainder dispersing in the atmosphere.)
Three years after the spraying, residues of
DDT were as shown (in pounds per acre).
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that exchanges occur between the air of
upper elevations (the stratosphere) and
that of lower elevations (the tropo-
sphere). The larger tests have injected
debris into the stratosphere; there it re-
mains for relatively long periods, being
carried back into the troposphere and to
the ground in the middle latitudes in
late winter or spring. The mean “half-
time” of the particles” residence in the
stratosphere (that is, the time for half
of a given injection to fall out) is from
three months to five years, depending
on many factors, including the height of
the injection, the size of the particles,
the latitude of injection and the time of
year. Debris injected into the tropo-
sphere has a mean half-time of residence
ranging from a few days to about a
month. Once airborne, the particles may
travel rapidly and far. The time for one
circuit around the earth in the middle
latitudes varies from 25 days to less than
15. (Following two recent bomb tests
in China fallout was detected at the
Brookhaven National Laboratory on
Long Island respectively nine and 14
days after the tests.)

Numerous studies have shown fur-
ther that precipitation (rain and snow-
fall) plays an important role in deter-
mining where fallout will be deposited.
Lyle T. Alexander of the Soil Conserva-
tion Service and Edward P. Hardy, Jr.,
of the AEC found in an extensive study
in Clallam County, Washington, that the
amount of fallout was directly propor-
tional to the total annual rainfall.

It is reasonable to assume that the
findings about the movement and fall-
out of radioactive debris also apply to
other particles of similar size in the air.
This conclusion is supported by a recent
report by Donald F. Gatz and A. Nel-
son Dingle of the University of Michi-
gan, who showed that the concentration
of pollen in precipitation follows the
same pattern as that of radioactive fall-
out. This observation is particularly
meaningful because pollen is not inject-
ed into the troposphere by a nuclear ex-
plosion; it is picked up in air currents
from plants close to the ground. There
is little question that dust and other
particles, including small crystals of pes-
ticides, also follow these patterns.

From these and other studies it is clear
that various substances released into the
air are carried widely around the world
and may be deposited in concentrated
form far from the original source. Sim-
ilarly, most bodies of water—especially
the oceans—have surface currents that
may move materials five to 10 miles a
day. Much higher rates, of course, are
found in such major oceanic currents as
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the Gulf Stream. These currents are one
more physical mechanism that can dis-
tribute pollutants widely over the earth.

he research programs of the AEC

and other organizations have ex-
plored not only the pathways of air and
water transport but also the pathways
along which pollutants are distributed in
plant and animal communities. In this
connection we must examine what we
mean by a “community.”

Biologists define communities broadly
to include all species, not just man. A
natural community is an aggregation of
a great many different kinds of orga-
nisms, all mutually interdependent. The
basic conditions for the integration of a
community are determined by physical
characteristics of the environment such
as climate and soil. Thus a sand dune
supports one kind of community, a
freshwater lake another, a high moun-
tain still another. Within each type of
environment there develops a complex
of organisms that in the course of evolu-
tion becomes a balanced, self-sustain-
ing biological system.

Such a system has a structure of in-
terrelations that endows the entire com-
munity with a predictable developmen-
tal pattern, called “succession,” that
leads toward stability and enables the
community to make the best use of its
physical environment. This entails the
development of cycles through which
the community as a whole shares certain
resources, such as mineral nutrients and
energy. For example, there are a num-
ber of different inputs of nutrient ele-
ments into such a system. The principal
input is from the decay of primary min-
erals in the soil. There are also certain
losses, mainly through the leaching of
substances into the underlying water ta-
ble. Ecologists view the cycles in the
system as mechanisms that have evolved
to conserve the elements essential for
the survival of the organisms making up
the community.

One of the most important of these
cycles is the movement of nutrients and
energy from one organism to another
along the pathways that are sometimes
called food chains. Such chains start
with plants, which use the sun’s energy
to synthesize organic matter; animals
eat the plants; other animals eat these
herbivores, and carnivores in turn may
constitute additional levels feeding on
the herbivores and on one another. If
the lower orders in the chain are to sur-
vive and endure, there must be a feed-
back of nutrients. This is provided by
decay organisms (mainly microorga-
nisms) that break down organic debris
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into the substances used by plants. It is
also obvious that the community will not
survive if essential links in the chain are
eliminated; therefore the preying of one
level on another must be limited.
Ecologists estimate that such a food
chain allows the transmission of roughly
10 percent of the energy entering one
level to the next level above it, that is,
each level can pass on 10 percent of the
energy it receives from below without
suffering a loss of population that would
imperil its survival. The simplest version
of a system of this kind takes the form
of a pyramid, each successively higher
population receiving about a tenth of
the energy received at the level below it.
Actually nature seldom builds com-
munities with so simple a structure. Al-
most invariably the energy is not passed
along in a neatly ordered chain but is
spread about to a great variety of orga-
nisms through a sprawling, complex web
of pathways [see illustration on preced-
ing two pages]. The more mature the

FALLOUT is distributed around the earth by meteorological proc-
esses. Deposits of strontium 90, for instance, are concentrated be-
tween 30 and 60 degrees north, as shown by depth of color on the
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community, the more diverse its makeup
and the more complicated its web. In a
natural ecosystem the network may con-
sist of thousands of pathways.

This complexity is one of the principal
factors we must consider in investigat-
ing how toxic substances may be dis-
tributed and concentrated in living com-
munities. Other important basic factors
lie in the nature of the metabolic process.
For example, of the energy a population
of organisms receives as food, usually
less than 50 percent goes into the con-
struction of new tissue, the rest being
spent for respiration. This circumstance
actsasa concentrating mechanism: a sub-
stance not involved in respiration and not
excreted efficiently may be concentrated
in the tissues twofold or more when
passed from one population to another.

Et us consider three types of pathway
for toxic substances that involve
man as the ultimate consumer. The
three examples, based on studies of ra-
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dioactive substances, illustrate the com-
plexity and variety of pollution problems.

The first and simplest case is that of
strontium 90. Similar to calcium in
chemical behavior, this element is con-
centrated in bone. It is a long-lived
radioactive isotope and is a hazard be-
cause its energetic beta radiation can
damage the mechanisms involved in the
manufacture of blood cells in the bone
marrow. In the long run the irradiation
may produce certain types of cancer.
The route of strontium 90 from air to
man is rather direct: we ingest it in leafy
vegetables, which absorbed it from the
soil or received it as fallout from the air,
or in milk and other dairy products from
cows that have fed on contaminated
vegetation. Fortunately strontium is not
usually concentrated in man’s food by an
extensive food chain. Since it lodges
chiefly in bone, it is not concentrated in
passing from animal to animal in the
same ways other radioactive substances
may be (unless the predator eats bones!).

map and by the curve (right). Points on the chart represent indi-
vidual samples. The data are from a study made in 1963 and 1964
by Robert J. List and colleagues in several U.S. agencies. Such



Quite different is the case of the ra-
dioactive isotope cesium 137. This iso-
tope, also a fission product, has a long-
lived radioactivity (its half-life is about
30 years) and emits penetrating gamma
rays. Because it behaves chemically like
potassium, an essential constituent of all
cells, it becomes widely distributed once
it enters the body. Consequently it is
passed along to meat-eating animals, and
under certain circumstances it can ac-
cumulate in a chain of carnivores.

A study in Alaska by Wayne C. Han-
son, H. E. Palmer and B. I. Griffin of the
AEC’s Pacific-Northwest Laboratory
showed that the concentration factor for
cesium 137 may be two or three for one
step in a food chain. The first link of the
chain in this case was lichens growing in
the Alaskan forest and tundra. The li-
chens collected cesium 137 from fallout
in rain. Certain caribou in Alaska live
mainly on lichens during the winter, and
caribou meat in turn is the principal diet
of Eskimos in the same areas. The inves-

studies have not been made for pesticides
but it appears that DDT may also be car-
ried in air and deposited in precipitation.

tigators found that caribou had accu-
mulated about 15 micromicrocuries of
cesium radioactivity per gram of tissue
in their bodies. The Eskimos who fed on
these caribou had a concentration twice
as high (about 30 micromicrocuries per
gram of tissue) after eating many pounds
of caribou meat in the course of a season.
Wolves and foxes that ate caribou some-
times contained three times the concen-
tration in the flesh of the caribou. It is
easy to see that in a longer chain, involv-
ing not just two animals but several, the
concentration of a substance that was
not excreted or metabolized could be in-
creased to high levels.

A third case is that of iodine 131, an-
other gamma ray emitter. Again the
chain to man is short and simple: The
contaminant (from fallout) comes to man
mainly through cows’ milk, and thus the
chain involves only grass, cattle, milk
and man. The danger of iodine 131 lies
in the fact that iodine is concentrated
in the thyroid gland. Although iodine

90

60

30

LATITUDE
o
&

30 . pee

60

0 40 80 120 160 200

STRONTIUM 90 (MILLICURIES
PER SQUARE MILE)

© 1967 SCIENTIFIC AMERICAN, INC

131 is short-lived (its half-life is only
about eight days), its quick and localized
concentration in the thyroid can cause
damage. For instance, a research team
from the Brookhaven National Labora-
tory headed by Robert Conard has dis-
covered that children on Rongelap Atoll
who were exposed to fallout from the
1954 bomb test later developed thyroid
nodules.

The investigations of the iodine 131
hazard yielded two lessons that have
an important bearing on the problem of
pesticides and other toxic substances re-
leased in the environment. In the first
place we have had a demonstration that
the hazard of the toxic substance itself
often tends to be underestimated. This
was shown to be true of the exposure of
the thyroid to radiation. Thyroid tumors
were found in children who had been
treated years before for enlarged thymus
glands with doses of X rays that had
been considered safe. As a result of this
discovery and studies of the eftects of
iodine 131, the Federal Radiation Coun-
cil in 1961 issued a new guide reducing
the permissible limit of exposure to ioniz-
ing radiation to less than a tenth of what
had previously been accepted. Not the
least significant aspect of this lesson is
the fact that the toxic effects of such a
hazard may not appear until long after
the exposure; on Rongelap Atoll 10 years
passed before the thyroid abnormalities
showed up in the children who had been
exposed.

The second lesson is that, even when
the pathways are well understood, it is
almost impossible to predict just where
toxic substances released into the en-
vironment will reach dangerous levels.
Even in the case of the simple pathway
followed by iodine 131 the eventual des-
tination of the substance and its effects
on people are complicated by a great
many variables: the area of the cow’s
pasture (the smaller the area, the less
fallout the cow will pick up); the amount
and timing of rains on the pasture
(which on the one hand may bring down
fallout but on the other may wash it off
the forage); the extent to which the cow
is given stored, uncontaminated feed;
the amount of iodine the cow secretes in
its milk; the amount of milk in the diet of
the individual consumer, and so on.

f it is difficult to estimate the nature
- and extent of the hazards from radio-
active fallout, which have been investi-
gated in great detail for more than a
decade by an international research pro-
gram, it must be said that we are in a
poor position indeed to estimate the
hazards from pesticides. So far the
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CONCENTRATION of DDT residues being passed along a simple food chain is indicated
schematically in this diagram. As “biomass,” or living material, is transferred from one
link to another along such a chain, usually more than half of it is consumed in respiration
or is excreted (arrows); the remainder forms new biomass. The losses of DDT residues
along the chain, on the other hand, are small in proportion to the amount that is transferred
from one link to the next. For this reason high concentrations occur in the carnivores.
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amount of research effort given to the
ecological effects of these poisons has
been comparatively small, although it
is increasing rapidly. Much has been
learned, however, about the movement
and distribution of pesticides in the en-
vironment, thanks in part to the clues
supplied by the studies of radioactive
fallout.

Our chief tool in the pesticide inquiry
is DDT. There are many reasons for
focusing on DDT: it is long-lasting, it is
now comparatively easy to detect, it
is by far the most widely used pesti-
cide and it is toxic to a broad spectrum
of animals, including man. Introduced
only a quarter-century ago and spectac-
ularly successful during World War II
in controlling body lice and therefore
typhus, DDT quickly became a univer-
sal weapon in agriculture and in public
healthcampaignsagainstdisease-carriers.
Not surprisingly, by this time DDT has
thoroughly permeated our environment.
It is found in the air of cities, in wildlife
all over North America and in remote cor-
ners of the earth, even in Adélie penguins
and skua gulls (both carnivores) in the
Antarctic. It is also found the world
over in the fatty tissue of man. It is fair
to say that there are probably few pop-
ulations in the world that are not con-
taminated to some extent with DDT.

We now have a considerable amount
of evidence that DDT is spread over the
earth by wind and water in much the
same patterns as radioactive fallout. This
seems to be true in spite of the fact that
DDT is not injected high into the atmo-
sphere by an explosion. When DDT is
sprayed in the air, some fraction of it is
picked up by air currents as pollen is, cir-
culated through the lower troposphere
and deposited on the ground by rainfall.
I found in tests in Maine and New Bruns-
wick, where DDT has been sprayed from
airplanes to control the spruce budworm
in forests, that even in the open, away
from trees, about 50 percent of the DDT
does not fall to the ground. Instead it
is probably dispersed as small crystals
in the air. This is true even on days when
the air is still and when the low-flying
planes release the spray only 50 to 100
feet above treetop level. Other mecha-
nisms besides air movement can carry
DDT for great distances around the
world. Migrating fish and birds can
transport it thousands of miles. So also
do oceanic currents. DDT has only a
low solubility in water (the upper limit
is about one part per billion), but as al-
gae and other organisms in the water
absorb the substance in fats, where it is
highly soluble, they make room for more
DDT to be dissolved into the water. Ac-



cordingly water that never contains more
than a trace of DDT can continuously
transfer it from deposits on the bottom
to organisms.

DDT is an extremely stable compound
that breaks down very slowly in the en-
vironment. Hence with repeated spray-
ing the residues in the soil or water
basins accumulate. Working with Fred-
eric T. Martin of the University of
Maine, I found that in a New Bruns-
wick forest where spraying had been
discontinued in 1958 the DDT content
of the soil increased from half a pound
per acre to 1.8 pounds per acre in the
three years between 1958 and 1961.
Apparently the DDT residues were car-
ried to the ground very slowly on foliage
and decayed very little. The conclusion
is that DDT has a long half-life in the
trees and soil of a forest, certainly in the
range of tens of years.

Douhtless there are many places iu the
world where reservoirs of DDT
are accumulating. With my colleagues
Charles F. Wurster, Jr., and Peter A.
Isaacson of the State University of New
York at Stony Brook, I recently sampled
a marsh along the south shore of Long
Island that had been sprayed with DDT
for 20 years to control mosquitoes. We
found that the DDT residues in the up-
per layer of mud in this marsh ranged
up to 32 pounds per acre!

We learned further that plant and
animal life in the area constituted a
chain that concentrated the DDT in
spectacular fashion. At the lowest level
the plankton in the water contained .04
part per million of DDT; minnows con-
tained one part per million, and a car-
niverous scavenging bird (a ring-billed
guli) contained about 75 parts per mil-
lion in its tissues (on a whole-body, wet-
weight basis). Some of the carnivorous
animals in this community had concen-
trated DDT by a factor of more than
1,000 over the organisms at the base of
the ladder.

A further tenfold increase in the
concentrations along this food web
would in all likelihood result in the death
of many of the organisms in it. It would
then be impossible to discover why they
had disappeared. The damage from
DDT concentration is particularly seri-
ous in the higher carnivores. The mere
fact that conspicuous mortality is not
observed is no assurance of safety. Com-
paratively low concentrations may in-
hibit reproduction and thus cause the
species to fade away.

That DDT is a serious ecological haz-
ard was recognized from the beginning
of its use. In 1946 Clarence Cottam and

LOCATION ORGANISM
U.S. (AVERAGE) MAN
ALASKA (ESKIMO)

ENGLAND

WEST GERMANY

FRANCE

CANADA

HUNGARY

ISRAEL

INDIA
CALIFORNIA PLANKTON
CALIFORNIA BASS
CALIFORNIA GREBES
MONTANA ROBIN

Us WISCONSIN CRUSTACEA

' WISCONSIN CHUB
WISCONSIN GULL
MISSOURI BALD EAGLE
CONNECTICUT | OSPREY
FLORIDA DOLPHIN

CANADA WOODCOCK

ANTARCTICA PENGUIN

ANTARCTICA SEAL

SCOTLAND EAGLE

NEW ZEALAND TROUT

TISSUE CONCENTRATION

(PARTS PER MILLION)
FAT 11

2.8

22

23

52

5.3

12.4

19.2

12.8-31.0

5.3
EDIBLE FLESH 4-138
VISCERAL FAT UP TO 1,600
WHOLE BODY 6.8-13.9

A1

WHOLE BODY 4.52
BRAIN 20.8
EGGS 1.1-5.6
EGGS 6.5
BLUBBER ABOUT 220
WHOLE BODY 1.7
FAT .015-.18
FAT .042-12
EGGS 1.18
WHOLE BODY .6-.8

DDT RESIDUES, which include the derivatives DDD and DDE as well as DDT itself, have ap-
parently entered most food webs. These data were selected from hundreds of reports that show
DDT has a worldwide distribution, with the highest concentrations in carnivorous birds.

Elmer Higgins of the US. Fish and
Wildlife Service warned in the Journal
of Economic Entomology that the pesti-
cide was a potential menace to mam-
mals, birds, fishes and other wildlife
and that special care should be taken to
avoid its application to streams, lakes
and coastal bays because of the sensi-
tivity of fishes and crabs. Because of the
wide distribution of DDT the effects of
the substance on a species of animal can
be more damaging than hunting or the
elimination of a habitat (through an op-
eration such as dredging marshes). DDT
affects the entire species rather than a sin-
gle population and may well wipe out
the species by eliminating reproduction.
Within the past five years, with the
development of improved techniques for
detecting the presence of pesticide resi-
dues in animals and the environment,
ecologists have been able to measure
the extent of the hazards presented by
DDT and other persistent general poi-
sons. The picture that is emerging is not
a comforting one. Pesticideresidues have
now accumulated to levels that are catas-
trophic for certain animal populations,
particularly carnivorous birds. Further-
more, it has been clear for many years
that because of their shotgun effect these
weapons not only attack the pests but
also destroy predators and competitors
that normally tend to limit proliferation
of the pests. Under exposure to pesti-
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cides the pests tend to develop new
strains that are resistant to the chemi-
cals. The result is an escalating chemical
warfare that is self-defeating and has
secondary effects whose costs are only
beginning to be measured. One of the
costs is wildlife, notably carnivorous and
scavenging birds such as hawks and
eagles. There are others: destruction of
food webs aggravates pollution prob-
lems, particularly in bodies of water that
receive mineral nutrients in sewage or
in water draining from heavily fertilized
agricultural lands. The plant popula-
tions, no longer consumed by animals,
fall to the bottom to decay anaerobically,
producing hydrogen sulfide and other
noxious gases, further degrading the en-
vironment.

The accumulation of persistent toxic
substances in the ecological cycles of
the earth is a problem to which mankind
will have to pay increasing attention. It
affects many elements of society, not
only in the necessity for concern about
the disposal of wastes but also in the
need for a revolution in pest control. We
must learn to use pesticides that have a
short half-life in the environment—better
yet, to use pest-control techniques that
do not require applications of general
poisons. What has been learned about
the dangers in polluting ecological cycles
is ample proof that there is no longer
safety in the vastness of the earth.
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The Hearts Pacemaker

A group of specialized cells regulates the fundamental rhythm

of an animal’s heart. The pacemaker also limits the heart’s

range of responses to the influences of nerves and hormones

he heart of a mouse at rest beats
I about 500 times a minute; in con-
trast, the elephant’s basal heart
rate is only 35 beats a minute. In the
mouse’s lifetime of one to two years its
heart totals as many beats as the ele-
phant’s does in 25 to 50 years. What
governs an animal’s heart rate? Obvi-
ously it is regulated in part from outside
the heart in response to the demands of
exercise or stress. But the heart itself
has its own pacemaker, regulating its
fundamental rhythm and setting limits
on its range of rates. Recent experimen-
tal investigations in various animals, in-
cluding observation of the beginnings of
the heartbeat in the embryo, have done
much to illuminate the operation and
regulation of the pacemaker.
The embryonic heart starts beating at
a certain age that is characteristic for
each animal. In the chick, for instance,
the first beats arise at about the 30th
hour of the embryo’s life [see top illus-
tration on pages 34 and 35]. Rhythmic
contractions of the heart muscle begin in
the right ventricle. A number of hours
later the right atrium, or auricle, which
meanwhile has taken shape behind the
ventricle, also starts to beat. Its beat is
faster and it sets the pace, the ventricu-
lar cells falling in step with its timing.
Finally the venous sinus, which eventual-
ly sets apart a group of cells known as
the sinoatrial node, develops to the rear
of the right atrium, and this structure,
beating still faster, takes over the pace-
making function. The sinoatrial node re-
mains the basic pacemaker throughout
the animal’s life. Other regions of the
heart muscle contract rhythmically ac-
cording to its lead, but most of them lose
the capacity to initiate beats of their own
accord.
It is an interesting fact that the vari-
ous muscle cells of the embryo heart dif-
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fer in their intrinsic beating tempo, yet
all are coordinated by the pacemaker. In
the tubular heart of a salamander em-
bryo, for example, W. M. Copenhaver of
the Columbia University College of Phy-
sicians and Surgeons showed by cutting
across the heart at various levels that
at least eight different intrinsic beating
rates can be detected along the length of
the heart, each successive region rear-
ward toward the sinus having a faster
intrinsic rate. Indeed, when the cells of
any embryo heart are separated from
one another (by the use of the enzyme
trypsin to break down the cement that
holds them together), it is found that
each cell beats with its own rhythm, de-
pending mainly on the region of the
heart from which it came. When, on the
other hand, individual cells or fragments
of heart tissue are brought together in
intimate contact, they synchronize their
contractions. Invariably the cell that has
the fastest beat takes over the pacemak-
ing. There are indications, however, that
the pace is not entirely set by a single
cell; the other cells seem to have some
influence, and the actual beating rate
possibly results from a consensus.

he sinoatrial pacemaker as a whole,

consisting of hundreds or thousands
of cells, has an intrinsic regulation.
Whether in the embryo or maintained
in an unchanging chemical medium at a
constant temperature, it will beat at a
constant rate hour after hour. A distur-
bance such as deprivation of oxygen can
slow the rate, but as soon as normal con-
ditions are restored the pacemaker re-
sumes its basal rhythm. In each species
of animal the pacemaker has a certain
characteristic rate; for each species there
is a “set point”—a standard rate—to
which the heart adheres except during
disturbing circumstances.
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Copenhaver performed experiments
with salamander embryos that dramati-
cally tested the autonomy of the pace-
maker. Using two different species—the
tiger salamander and the spotted sala-
mander—he transplanted the heart from
one species to the other before the heart
had begun to beat. Which beat would
the transplanted heart take up, the do-
nor animal’s or the host’s? In every case
it beat at its own rate, not at that of the
host, although in some cases it was
pumping the host’s blood, and it main-
tained its own beating pattern through-
out the animal’s life. The tiger sala-
mander’s heart normally beats more
rapidly than the spotted salamander’s
during the first days of life and then
slows to less than the spotted salaman-
der’s rate; it still showed the same pat-
tern when it was transplanted into a
spotted salamander, whether it was
grafted in place of the animal’s heart or
was implanted in the abdomen or tail as
a second heart.

The heart of any animal changes its
rate with age, usually increasing in rate
as the embryo grows and decreasing in
later life. In Copenhaver’s experiments
the transplanted heart, whether it had
belonged originally to a tiger salamander
or to a spotted salamander, followed its
own typical pattern of tempo changes
with age. In short, the pacemaker of a
given species is endowed not with a par-
ticular pace but with a whole program
of paces that will develop during its life-
time. This program obviously is implant-
ed in the future pacemaker tissue during
the early development of the embryo,
when the heart tissue is differentiating.
Experiments in the culture of potential
heart tissues have shown that such is
indeed the case.

How does the pacemaker work? On
this central question there are, unfor-
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depicts the pacemaker and the path of its impulses in color. The to the atrioventricular node, from which they are transmitted to
pacemaker is the structure near the top of the heart; it is variously the ventricles. Pacemaker cells differ from both nerve cells and
called the sinus node and the sinoatrial node. Impulses from the muscle cells; they are usually described as modified muscle cells.
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A

PACEMAKING CHANGES in an embryonic chicken heart are de-

picted in color; arrows show the direction of impulse conduction.

tunately, very few clues so far. The
pacemaking cells look distinctly differ-
ent from other cells. Under the micro-
scope we can see that the cells in the
sinoatrial node are more widely separat-
ed from one another and have less con-
tractile structure than the cells in other
heart tissues. Electrical exploration of
the pacemaking cells reveals another
distinctive feature [see upper illustration

=== VENTRICLE --_

’ R

on page 37]. By inserting a micro-
electrode in an individual cell one finds
that during the diastolic, or passive,
phase of the beat cycle the inside of the
cell loses its negativity gradually until
it reaches a transition point, after which
it completes its depolarization rapidly
(and actually becomes positive for an
instant). This pattern of gradual depo-
larization is peculiar to pacemaker cells.

[T
«

At 27 hours (1) beating has not begun. The first contractions arise
(2) in the ventricle. Gradually they originate farther to the rear,

One is tempted to compare these cells to
an electric condenser, which discharges
periodically after accumulating charge
gradually. The condenser model does
not, however, quite fit the process of the
cell. Indeed, no model yet suggested has
given us much enlightenment on how
the pacemaker translates metabolic en-
ergy into its rhythmic beat, how it syn-
chronizes the discharges of its many

HUMAN PACEMAKER appears in photomicrographs of two thin
slices of heart. At left, in an enlargement of 12 diameters, the sinus
node is the dense tissue organized around an artery. At right, in an
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enlargement of 260 diameters, the internal structure of the node is
evident. The darker tissue is the framework of collagen. Within
this frame bundles of sinus-node fibers interweave in all directions.
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reaching the atrium (5) and finally the sinus (6). Drawings, which
slowly turn the embryo from a frontal view at 1 to a view of the left

cells or how it changes the tempo of its
beat as it ages.

Perhaps some enlightenment will
come from studies of the pacemakers of
invertebrate animals. In the lobster, for
instance, the heartbeat is activated by a
small group of nerve cells outside the
heart. Donald M. Maynard of the Uni-
versity of Michigan studied a species of
lobster in which the pacemaker consists
of nine nerve cells—four small and five
large. He found that any one of the small
cells triggers a burst of impulses from all
nine, and repetitive bursts from the
group are responsible for the rhythmic
beats of the heart. How are the dis-
charges from the four small nerve cells
regulated? If the interactions of these
cells could be unraveled, one might find
a clue to the coordinated action of the
thousands of cells that constitute the
pacemaker in the heart of a vertebrate.

We may well ask: Of what use are
the vertebrate pacemaker’s thousands of
cells? It has been suggested that perhaps
only a few of them are pacemaking at
any given time and the rest act as re-
serves. In that case, however, what
would prevent one uncontrolled cell
from starting a beat of its own? A single
cell that began to beat at a pace twice
that of the others could throw the entire
system into confusion. A more plausible
hypothesis is that all the pacemaker cells
are under mutual control. So far, how-
ever, only feeble evidence of communi-
cation among the pacemaker cells has
been discovered.

Notwithstanding the lack of informa-
tion about how natural pacemakers op-
erate, artificial pacemakers have been

devised, and they are serving today to
keep alive many people with damaged
hearts. The best solution to their prob-
lem would be the implantation of living
pacemaker tissue from a human donor or
an animal one. In the embryo of a sala-
mander such a transplant takes beauti-
fully, and the implanted tissue can drive
the host’s heart quite satisfactorily. Un-
fortunately in mammals implanted tissue
does not wed itself to the heart but sim-
ply forms a scar. The only available ar-
tificial pacemaker for human use, there-
fore, is a mechanical one. It consists of a
device that produces rhythmic electrical
discharges, and wires from this device
feed the discharges to the excitable tis-
sues of the heart. The artificial pacemak-
er can maintain a steady heartbeat; it
does not, however, respond to bodily
needs that call for a speedup of the beat.

hat are the extrinsic, or external,

mechanisms that affect the natural
pacemaker of the heart, and how do
they act? In our laboratory at the Uni-
versity of Rochester School of Medicine
and Dentistry we have explored these
questions, along with those concerning
the intrinsic beat itself, by studying the
development of the heart’s behavior in
animals from the early fetal stage to
adulthood.

In the fetus of a rat the heart begins
to beat in the 10th day of life. At that
stage the heart is still free of any stimu-
lation from nerves, and about the only
factors that can change its intrinsic beat
are temperature, oxygen and blood sup-
ply. From day to day during the growth

of the fetus the rate of the intrinsic beat
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side at 6, were adapted from Early Embryology of the Chick, by
Bradley M. Patten, published by the McGraw-Hill Book Company.

increases. The pacemaker remains rela-
tively insensitive to extrinsic influences,
even after nerves grow into the heart on
the 16th day, and the insensitivity con-
tinues until near birth (on the 22nd day).

By adulthood an animal’s heartbeat
has become subject to strong influences
from the parasympathetic and sympa-
thetic nervous systems. Several investi-
gators, including Raymond C. Truex and
David M. Long, then at Hahnemann
Medical College, have measured the ex-
tent of these influences in the dog. The
heart rate of a dog at rest is about 90
beats a minute. If the animal is given a
dose of atropine, which blocks para-
sympathetic nerve impulses from reach-
ing the heart, its rate jumps to 250 beats
a minute. Evidently, then, under normal
circumstances a flow of impulses from
the parasympathetic nerves acts as a
restraining influence on the heart rate.
On the other hand, the sympathetic
nerves have a prodding effect. If these
nerves are cut so that no impulses reach
the heart, the heartbeats slow to 65 a
minute. In short, the sympathetic sys-
tem acts as an accelerator and the para-
sympathetic system as a brake, and un-
der normal conditions the two systems
counteract each other. When the nerve
supply to the heart is completely cut
(blocking both systems), the dog’s heart
beats about 110 times a minute. Per-
haps in an adult dog this is the intrinsic
rate of the pacemaker itself.

What the experiments show in gen-
eral is that a continuous interplay nor-
mally goes on among the pacemaker
and the two nervous systems controlling
the heart, whose sources are centered
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PACEMAKER CELLS appear at an enlargement of 18,000 diame- tures, are from the heart of a dog. The darker cells are working my-
ters in this electron micrograph by Thomas N. James of the Henry ocardial cells, which are not involved in pacemaking. The feature-
Ford Hospital in Detroit. The cells, which are the lighter struc- less area at bottom right is one of the capillaries of the heart.

MYOCARDIAL CELLS, which have a muscular function in the dominate only in the sinus node. Electron micrograph by James
heartbeat, differ in structure from pacemaker cells. The latter pre- shows parts of three dog myocardial cells enlarged 18,000 diameters.
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in the medulla oblongata of the brain-
stem. The pacemaker’s pace is modified
by rhythmic impulses from these ner-
vous systems, and they in turn are guid-
ed by activities of the body that call for
an increase or a decrease in the pumping
action of the heart. Both types of ner-
vous mechanism, however, and hormonal
controls as well, work only within fixed
limits, which depend on the animal’s
age and size. In a puppy, for example,
the sympathetic nerves exert a much
stronger effect on the pacemaker than
the parasympathetic nerves do, where-
as in the adult dog the reverse is true.
Similarly, the pacemaker and the ner-
vous controls combine to give the mouse
a more rapid basal beat than the ele-
phant, and an elephant’s heart can never
beat as fast as that of a mouse.

I)recisely what is the ceiling for an
animal’s heart rate? We investigated
the question in the rat by applying
rhythmic electric shocks to drive the
heart to its maximal capacity. The rats
were anesthetized and the driving elec-
tric impulses were delivered through
fine wire electrodes inserted in the
chest. We found that in the fetus the
heart’s maximal rate was about 350
beats a minute; in a newborn rat, about
450 beats a minute, and in an adult rat,
some 750 beats a minute. At these high
rates the heart was very inefficient: it
pumped little blood because it had no
time to fill before each contraction. We
can deduce that the limit of tempo set
up in the pacemaker may serve as a pro-
tective mechanism; if the pacemaker
drove the heart too fast, it might produce
the uncoordinated, disorderly type of
contraction known as fibrillation.

We found further that the hormones
isopropyl noradrenalin and thyroxin,
whose ability to speed up the heart has
long been well known, raised the rats’
heart rates to high levels but not to the
limits of the heart’s capacity. In each
case the rate of the rat’s heartbeat under
maximal prodding rose with age until
the animal reached the age of 10 days,
after which it leveled off [see lower illus-
tration at right].

The normal heart rate at rest, on the
other hand, presents a different picture
as the animal ages. Instead of leveling
off at the age of 10 days it continues to
rise. This rise is attributed mainly to the
influence of the maturing nervous system
rather than to change in the intrinsic
tempo of the pacemaker itself. It was
found that administration of a drug that
blocks the prodding action of the sympa-
thetic impulses almost eliminated the
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ELECTRICAL POTENTIALS in one pacemaker cell (color) and two nonpacemaker cells
of a rabbit heart were measured by intracellular electrodes. Only cells capable of pacemak-
ing show the gradual changes of polarization indicated by the colored curve for a single beat.
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VARIATIONS IN RATE of rats’ hearts under different conditions are shown for ages be-
ginning four days before birth and ending at maturity. The colored curve represents the
normal rate after birth. Other curves are: 4, maximal rate when the heart is driven by elec-
tric shocks; B, rate after administration of stimulating hormones thyroxin and isopropyl
noradrenalin; C, rate under latter hormone alone; D, rate under thyroxin alone, and F, rate
after administration of the drug propranolol, which blocks accelerating nerve impulses.

heart rate increase with age. Our experi-
ments show that the sympathetic nerves
begin to affect the heart rate in rats a day
or two before birth, whereas the para-
sympathetic system does not begin to act
on the heart until about 16 days after
birth. Thereafter the rate is under the
control of the two systems acting com-
petitively, with the sympathetic system
apparently exerting slightly more influ-
ence than the parasympathetic.

To sum up, it appears that when the
heart of the embryo begins to beat, it
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functions as an independent organ, driv-
en only by its own inherent pacemaker.
As it grows older it becomes receptive to
one extrinsic influence after another and
through them becomes the servant of
many organs and activities of the body.
In the adult animal it is capable of a
wide range of responses to the body’s
needs. The full development of its re-
sponses and regulation does not come
until long after birth, but we can see
the beginnings of the arrangements even
before the animal is born.
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ANCIENT ARARAT

Sometimes called Urartu, it was a powerful nation of the region

around Mount Ararat in 800 B.C. A mound 1n Turkey has yielded

much information about this nation and 1ts Widespread mfluence

[ I Yhe Hebrew word Ararat is familiar
as the name of the mountain where
Noah’s ark was stranded by the

receding waters of the Biblical flood.

Less well known is the fact that Mount

Ararat, the summit of which is a 17,000-

foot peak on the eastern frontier of Tur-

key, was the geographical center of a

highland kingdom that was a major

power of the ancient world. This king-
dom disappeared soon after 600 B.c., yet
it left a heritage of architecture and art
that can be traced today in cultural re-
mains as diverse as the public buildings
of old Persia and the metallurgy of the

Etruscans. It is known mainly through

the writings of the Assyrians, who were

its principal adversaries and in the end
its allies. In their language both the king-

dom and its central mountain had a

name closely related to the Hebrew:

Uruatri. Today the kingdom is generally

called Urartu, a corruption of Uruatri.

Conquerors from the north crushed
both Assyria and Urartu in the final years
of the seventh century B.c. and put the
highland kingdom’s cities to the torch.
Recent excavations, however, have un-
covered one stronghold of western Urar-
tu that was left untouched by the wave
of conquest. Thanks to the remarkable
findings at this site it is now possible to
reconstruct the culture of the kingdom
in considerable detail.

The site is called Altintepe: “the hill
of gold.” The hill, some 200 feet high and
600 feet long, rises abruptly from level
farmland some 250 miles to the west of
Mount Ararat near the modern Turkish
city of Erzincan. Thirty years ago the
accidental discovery of an ancient tomb
at Altintepe yielded a number of Urar-
tian treasures, the best of which found
their way to the National Museum in
Ankara. Thereafter Altintepe was not
disturbed until 1956, when a second
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rich tomb was unearthed, again by acci-
dent.

he second find attracted the attention

of the Turkish Historical Foundation
and the Turkish government’s Depart-
ment of Antiquities and Museums. Each
year since 1959 the two organizations
have jointly sponsored diggings at Altin-
tepe, directed by myself and staffed by
my colleagues and students from the
University of Ankara. In the course of
eight seasons’ work we have traced the
massive walls that made Altintepe a
formidable citadel of Urartu’s western
frontier, have uncovered a cemetery out-
side the walls and have cleared the cita-
del itself. Within the citadel we have
found the remains of storerooms, of a
building that was both palace and tem-
ple and of a great audience hall in which
are preserved numerous fragments of a
brightly colored mural that once deco-
rated many square yards of wall [sce
illustration on opposite page]. In both
the citadel and the cemetery we have
found abundant examples of Urartian
work in bronze, iron, precious metals,
ivory, stone and wood that are testimony
to the high artistic skills of Urartu’s
craftsmen.

The quantities of rich objects found
in the tombs of the cemetery indicate
that the people buried there were not
ordinary subjects of Urartu but were
nobles or at least local administrator-
warriors of substantial wealth and
power. Each tomb is a well-made small
replica of a house. In the walls of the

replica house are niches in which funeral
goods were stored, and between its
rooms (usually three in number) are
doorways carefully closed with stone
slabs. The entrance to each house was
closed with several tons of boulders;
the roof, made of large blocks of stone,
was covered with a layer of boulders
and then a layer of unfired bricks. It is
evident that the people of Altintepe did
their best to see that their tombs would
be neither easily found nor easily robbed.

Within most of the tombs we found
the remains of a single person lying in a
handsome coffin of stone or wood and
dressed in fine garments. (A few of the
tombs held the remains of a man and a
woman.) When the occupant was a
woman, the tomb typically contained
not only female clothing—often dresses
decorated with large gold buttons—but
also jewelry made of gold, silver and
precious stones. A man’s remains were
usually accompanied by weapons made
of bronze or iron. The tombs were also
furnished with wooden chairs, couches
and tables, decorated with gold and
silver leaf and mounted on bronze legs
cast in the shape of cattle’s hoofs or
lions” paws. The legs were frequently
cross-braced with wooden bars deco-
rated with spirals of bronze. In addition
to the furniture, the rooms contained
large bronze caldrons, resting on three
legs and decorated with bulls” heads, and
a variety of other objects made of gold,
silver and iron and of stone, terra-cotta
and ivory.

In one of the tombs we found a war

FRAGMENT OF MURAL, preserved for more than 2,600 years, is seen in its matrix of
dried mud on the opposite page. The mural decorated the great audience hall in the Urar-
tian frontier citadel of Altintepe in eastern Asia Minor. When Altintepe was abandoned, the
hall, which was built of unbaked bricks, soon crumbled. Some bricks fell in such a way as to
preserve bits of the mural; the author has now recovered more than 50 such fragments.
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SITE OF CITADEL, an oval hill in eastern Asia Minor, is seen in the hill. The pits visible on the slopes of the hill are where the au-
the center of this aerial photograph. The citadel occupies the top of thor has uncovered a number of unplundered Urartian tombs.
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ALTINTEPE rises abruptly from the level farmland that surrounds commanded the main mountain passes leading from eastern to cen-
it: the hill is 200 feet high and 600 feet long. As a frontier post it tral Asia Minor. Altintepe is a Turkish word meaning “hill of gold.”
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chariot complete with horse trappings
and harness, including jointed bronze
bits decorated at the ends with the heads
of bulls, horses or eagles. Along with the
trappings were a number of disks and
belts of bronze bearing geometric de-
signs or the figures of animals, men and
gods. One of the disks, about 3% inches
in diameter, is unique in the history of
Urartian religious art and provides an
important clue to the origin of an ele-
ment in Greek mythology. A god wear-
ing a long robe is shown mounted on a
winged horse that is galloping at full
speed. Some of the belts show winged
horses without a rider [see top illustra-
tion on page 43]. It is difficult to avoid
the conjecture that here, in Urartian
metalwork of the eighth century B.Cc., is
the original Pegasus, the winged horse
Bellerophon rode in his adventures.

]ust as the contents of the tombs testi-
Y fy to the wealth of Urartu, so the di-
mensions and contents of the citadel’s
storerooms are evidence of the king-
dom’s economic efficiency and military
preparedness. Altintepe is situated so
that it dominates two mountain passes
that lead from eastern to central Asia
Minor, and its control of east-west
communications made it one of the king-
dom’s more important outposts. Accord-
ingly it should have been prepared to
withstand a siege. We were soon able to
show that such had been the case. In two
large storerooms we found rows of huge
jars half-buried in the ground [see bot-
tom illustration at right]; each jar was in-
scribed with hieroglyphs indicating the
nature and amount of its contents. These
inscriptions cannot yet be read, but if
the storerooms of Altintepe resembled
others in Urartu, some of the jars were
filled with wheat, barley, sesame and
beans and others with oil and wine. One
storage depot that was unearthed at a
site. of northern Urartu contained 90
such jars capable of holding some 35,000
gallons of wine, and an inscription found
in the Lake Van area states that the royal
Urartian cellars alone had storage space
for 55,000 gallons of wine. Indeed, when
the Assyrians under Sargon II invaded
Urartu in 714 B.c., a problem in military
discipline faced by the invaders was the
irresistible appeal the local wine had for
the Assyrian troops.

The outer walls of the Altintepe cita-
del, 36 feet thick, are ample proof of
Urartian skill in masonry. Some of the
dressed stones that make up the wall
weigh as much as 40 tons, yet the build-
ers were able to raise them 200 feet
above the level of the surrounding plain
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KINGDOM OF URARTU, with Mount Ararat at its center, originally extended from the
highlands between Lake Cildir and Lake Van (both in modern Turkey) eastward to Lake
Sevan (in the U.S.S.R.) and Lake Urmia (in Iran). Its greatest expansion pushed its
boundaries to the Mediterranean and the Black Sea. Altintepe was near the western frontier.

I

STOREROOM, one of two discovered at Altintepe, contains rows of huge jars half-buried
in the floor of the room. The Urartians stored large quantities of foodstuffs in this way to
support them during the long mountain winters and as provisions in the event of a siege.
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STONE FOUNDATION of the temple shrine at Altintepe consists raised walls of mud brick. The rows of round stones are bases for
of three masonry courses on top of which the Urartian builders the wooden pillars of a gallery that surrounded the courtyard.

SITTING LION made of ivory is one of the sculptures found in IVORY FIGURE of a supernatural being with a human body and

the temple gallery at Altintepe. A few flakes of the gold leaf that a griffin’s head and wings was also found in the temple. In style
once covered the statuette’s breast and neck still remain in place. the statuette is much less stiff than its Assyrian counterparts are.
42
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and to fit them neatly into place. The
remains of the two main structures with-
in the citadel demonstrate both the skill
and the aesthetic capabilities of Urartian
architects. One of the structures, the
palace-temple, was divided into two
parts. In one part were service areas,
living quarters and the great hall. The
other part was a temple courtyard 90
feet square in which stood the inner
shrine. This structure housed the throne
and statue of Haldi, the male deity who
heads the Urartian pantheon. Around
the courtyard, which was open to the
sky, was a roofed gallery [see illustration
on page 46].

When we excavated the courtyard, we
found 20 smoothly finished stone disks
that had served as pedestals for a series
of 14-foot wooden posts supporting the
gallery roof. We also found fragments
of the posts themselves. At other Urar-
tian temple sites such posts show traces
of paint; at Altintepe the wood was too
decayed to reveal if paint had once been
applied to it.

The shrine was about 45 feet square
and had walls 15 feet thick. Three of the
walls were indented with a recess 15
feet long and a foot deep; the fourth
had a door that opened on the shrine.
The base of the walls consisted of three
courses of stone about three feet high
[see top illustration on opposite page];
above this base the walls were evidently
made of unbaked brick.

Inside the shrine we found the stone
base on which the throne and statue
of Haldi had rested; the throne and
statue themselves, which were probably
made of precious metals and ivory, were
gone. Mingled with the debris of the
temple, however, were many offerings
to the god: pottery vases and bronze and
iron maces, arrowheads and spearheads
(the last being Haldi’s special symbol). A
richer collection of offerings was found
in the gallery area nearest the entrance
to the courtyard. Here we unearthed a
number of bronze shields, which must
once have hung by the temple gates,
and several ivory sculptures, some of
which may originally have been inlays
decorating Haldi’s sacred furniture.

An ivory statuette of a seated lion
is a masterpiece of Urartian workman-
ship [see illustration at bottom left on
opposite page]. Its neck and breast still
reveal traces of the gold leaf that once
covered it; its head is turned toward the
left and its mouth is open. Every detail
of the brow, the eyes and even the
wrinkles around the nose perfectly de-
pict the animal’s fierce temperament.
Two ivory figures carved in low relief

WINGED HORSE, most familiar to the western world as Pegasus, a creature of Greek
myth, appears as a decoration on bronze belts unearthed in the tombs at Altintepe ; in this ex-
ample the horse is riderless. It seems probable that the Greeks learned of the mythical ani-
mal, which was first represented in Assyrian art, as a result of trade in Urartian metalwork.

DEER AND TREE, made of ivory, represent a hitherto unknown form of Urartian crafts-
manship. The hollows in the deer’s body were once inlaid with gems or precious metal.
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show supernatural beings with the bod-
ies of men and the heads and wings of
griffins. They wear short skirts covered
by long coats; their wings and the bor-
ders of the coats are decorated with gold
leaf. Winged human figures are common
in Assyrian art, but this pair of figures is
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distinctively Urartian. They show the
relation between the art of Urartu and
the work of contemporaneous Assyrian
artists to the south. Another ivory mas-
terpiece uncovered in the temple gallery
is a low relief showing a deer with its
head turned toward a tree [see bottom

WINGED FIGURE, drawn stiffly in imitation of an Assyrian original, is one of several sur-
viving fragments of the great mural that once decorated the audience hall at Altintepe.
Pairs of such figures, standing on each side of a pomegranate tree, form two of the parallel
rows of repeating motifs in the mural (see illustration on opposite page). Each figure holds

a pail in one hand;
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the other hand is raised in the act of grafting the pomegranate iree.
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illustration on preceding page]. Carved
with grace and realism, it represents a
form of Urartian craftsmanship hitherto
unknown: the animal’s ivory body was
originally inlaid either with precious
metal or with gems.

The interior of the shrine and the walls
of one of the adjacent palace rooms were
decorated with murals, and the yard out-
side one palace room was floored with a
pebble mosaic. In every case, however,
the surface is so poorly preserved that
the designs can scarcely be identified.
We can only be sure that, if the exterior
of the palace-temple was monumental
and severe, the interior—with its graceful
pillars, airy galleries, mosaics and bright-
ly painted walls—must have provided a
marked contrast to it.

Athough the palace-temple shows no

sign of ever having been razed, a
portion of the palace section was torn
down in the second half of the seventh
century B.C. to make room for another
building. At that time the lord of Altin-
tepe ordered the construction of the
great audience hall, 130 feet long and 75
feet wide, in an adjacent part of the cita-
del. Some sense of Urartian prosperity or
self-regard during this period can be
gained by bearing in mind that Altintepe
was only a frontier outpost of Urartu and
not one of the kingdom’s main cities.
Moreover, the rulers of the Phrygian and
late Hittite kingdoms, Urartu’s powerful
neighbors to the west, were apparently
quite content to receive ambassadors
from abroad in buildings much more
modest than the audience hall at Altin-
tepe.

Eighteen columns, arranged in three
rows, supported the flat roof of this great
public building. The outstanding feature
of the audience hall was an elaborate
mural that covered its inner walls from
top to bottom. We have been able to
reconstruct this mural because of a for-
tunate accident of history. The walls of
the building, nine feet thick and made of
unfired brick, had been given a smooth
coating of plaster on which the mural
was then painted. If the audience hall
had been sacked and burned, its bricks
would have been at least partly baked
and would better have withstood the
ravages of time. As it was, the hall was
not burned, and its bricks crumbled
fairly soon. As the walls disintegrated,
however, some of the bricks fell to the
floor in such a way that bits of the mural
on them were saved from obliteration.
So far we have managed to retrieve and
preserve more than 50 pieces of painted
brick, and with the help of these frag-



ments we have been able to reconstruct a
large section of the mural [sce illustra-
tion at right].

After the plaster applied to the walls
of the audience hall had dried, the mu-
ralists painted the surface blue (except
for a few selected areas that were left un-
painted). Then they drew the outlines of
their figures—geometric, plant, animal or
divine—in black and added details in
red, blue, light brown and occasionally
green. In executing the geometric de-
signs they made use of ruler and com-
pass. Most of the design elements—
rosettes, palmetto leaves, concave rec-
tangles, sphinxes, kneeling bulls and
winged supernatural figures—were bor-
rowed by the Urartian painters from
their Assyrian neighbors. Two of the
fragments we have recovered, however,
are characteristically Urartian. In one of
them a lion peers from behind a tree at a
deer. In the other a lion has in its jaws
the limp body of a fawn. Both scenes are
executed in a lively style that is in sharp
contrast to the almost wooden formality
of the Assyrian motifs.

Although the preservation of parts of
the mural at Altintepe is a happy event
in Near Eastern archaeology, the archi-
tecture of the audience hall is actually
more significant than its art. The build-
ing is the prototype of the apadana, or
great hall, that was a major feature of
the royal palaces of ancient Persia. The
most magnificent apadanas known to
history are those built at Persepolis and
at Pazargade by the Achaemenid kings
of Persia (559 to 330 B.c.). It is clear that
the Persians first learned the art of con-
structing  monumental reception halls
from the architects of Urartu.

rl‘he end of Altintepe, although evi-

dently peaceful, is intimately con-
nected with the last years of the Urar-
tian kingdom. Prosperous under a suc-
cession of kings from Sarduri I (840 B.c.)
to Rusa I (who committed suicide in 714
B.c. after the defeat by the Assyrians),
Urartu attained its greatest geographical
extent in the reign of Sarduri 11 (764-735
B.C.). The kingdom’s heartland had been
an area roughly 250 miles on a side
bounded by the four lakes Cildir, Van,
Urmia (in Iran) and Sevan (in the
U.S.S.R.). Under Sarduri II the Urartians
held sway from the Black Sea to the
eastern Mediterranean and from the
Caucasus to Mesopotamia.

During this period of expansion the
Urartians maintained close contact with
nations to the west of them. As an ex-
ample, bulls” heads that decorate votive
tripods found in Cyprus are virtually
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AUDIENCE-HALL MURAL at Altintepe has been reconstructed on the basis of salvaged
fragments; one portion of the reconstruction is illustrated here. Assyrian motifs comprise
most of the mural but two typically Urartian scenes appear. At top left a lion holds the
carcass of a young deer in its jaws; at right a lion peers past a tree at a crouching buck.
The lively animals contrast sharply with the stylized Assyrian bull shown kneeling below.
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identical with those on the caldrons un-
covered at Altintepe and at other Urar-
tian sites. Other Urartian caldron orna-
ments—so much alike as to be almost
certainly the product of a single work-
shop—have been found not only at the
sites of neighboring Phrygia but also as
far to the west as Greece and the Etrus-
can region of Italy. Indeed, the Etrus-
cans, who were redoubtable metallur-
gists, seem to have learned some of
their techniques from objects imported
from Urartu.

Even after Urartu had been con-
quered by the Assyrians—an event that
can be at least partly attributed to the
erosion of Urartian power by Scythian
raiders from the north—the highland

WALLED TEMPLE, shown in a reconstruction that omits the ad-
jacent palace structure, had an unpaved courtyard, open to the sky
and surrounded by a pillared gallery. The gallery’s flat roof, made
of timber and clay, was supported partly by 20 pillars and partly
by the four temple walls. Dominating the courtyard was the temple
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kingdom enjoyed another century of
prosperity and great public works. Rusa
II (685-645 B.c.) made common cause
with the Scythians and successfully
raided for slaves—the essential founda-
tion of the Urartian economy—along the
Assyrian frontier. The kingdom contin-
ued to prosper under Sarduri III (645-
635 B.c.) and briefly under Rusa III
(625-609 B.c.), who engineered the al-
liance with the Assyrians to counter the
Medes and the Babylonians. The Medes,
however, crushed the Assyrians in 609
B.C., and in the same year the Scythians
sacked the Urartian capital city on Lake
Van. By 585 B.c. the Medes had reestab-
lished order in this part of Asia Minor,
but the kingdom of Urartu was no more.

© 1967 SCIENTIFIC AMERICAN, INC

It may have been during these last
days of Urartu that an unchallenged but
outflanked garrison at Altintepe, decid-
ing that abandonment of the citadel was
the better part of valor, loaded Haldi’s
throne and statue on carts and marched
away to disappear from history. Or it
may be that, at the height of Rusa Is
troubles with the Scythians and Assyri-
ans a century earlier, the beleaguered
king summoned the Altintepe garrison to
serve him elsewhere. All that seems cer-
tain is that the Urartian outpost on the
hill of gold came to a peaceful rather
than a violent end, thereby preserving
for us the splendid examples of art and
architecture that reveal so much about
ancient Ararat.

shrine, the recesses in its walls giving it the appearance of having a
tower at each corner. Weapons and other offerings to Haldi, the
Urartians’ chief god, were found in the shrine. Other examples
of Urartian craftsmanship, including the ivory sculptures illus-
trated on pages 42 and 43, were unearthed in the temple gallery.



The hope of doing each other some good prompts these advertisements

Single concept

This, in some educators’
jargon, is a single-concept
film. From the armamen-
tarium of up-to-date pri-
mary and secondary school
techniques, we commend
it to the attention of those
who feel moved to scruti-
nize for reasonableness the
traditional practices gov-
erning lab sections for col-
lege freshmen and sopho-
mores.

A single-concept film is
not supposed to be a very fancy affair. It is nothing at all like a
movie that costs $60,000 to produce. It might run no more
than 8 feet long, or it might run as long as 50 feet —whatever is
required to show what needs to be shown and no more. The
student consults it as he would a page in a lab manual. If he
consulted it before performing an assigned lab exercise, just
watching the film a few times could take the place of the part
of the exercise that answers the questions already answered
long ago by the founding fathers of the science. He could then
use the precious actual lab time to answer some more pro-
found questions that you might propound.

Now is the right time for college teachers— or any teachers, for that
matter — to start thinking about what they would like to have happen in
single-concept films. New standard formats are shaping up so that the
same old tiresome operating problems need not be solved over and
over again. We have worked out a cartridge design that other manu-
facturers can adopt. The new and higher-quality super 8 films that you
will buy or make can be easily loaded into it for instant use on special
study-type projectors, easily kept track of in school, and easily un-
loaded for showing on any of the vast numbers of super 8 projectors
already waiting in private homes.

We have been out talking to publishers. We tell them our ideas
about hardware, about how to bring films into existence and before the
eyes and ears of the students at the lowest possible cost. We beg to be
told where we are wrong, for we know we are only businessmen and
engineers, not teachers.

To join the dialogue as a purveyor of curriculum materials, as an
educator, or as a professor who would never be happy with material not
of your own creation, address some questions to Eastman Kodak Com-
pany, Motion Picture and Education Division, Rochester, N.Y. 14650.

Mr. Fudge, the manganese man

Pressure is building up these days on Thomas S. Fudge, a sales
executive of Eastman Chemical Products, Inc. (Subsidiary of
Eastman Kodak Company). By 1975 his success in responding
to it should be apparent from a map of the United States that
plots the extent and severity of manganese deficiency in
American soil. Tom Fudge is expected to make the Mn-
deficient acreage shrink and shrink.

Manganese is the one and only trace element in soil that di-
rectly concerns Mr. Fudge. Zinc, copper, vanadium, and other
trace elements are also important to agriculture but not in a
business way important to Tom Fudge. Only manganese.

Will alleviation of manganese deficiency vastly improve the
quality of human life in this land? It is probably too much to
expect.

What, then, is putting the pressure on Mr. Fudge? You will
find the answer quite difficult to believe, but here it is anyway:
the success of Kobak INSTAMATIC® Cameras.

In point of fact, these cameras have made picture-taking so
simple and rewarding that there has been a vast upsurge in the
number of pictures taken and consequently in the demand for
photofinishing service, for photographic developer, and ulti-
mately for the hydroquinone that goes into most of it. We
make hydroquinone by a process in which manganese dioxide
enters and manganese sulfate comes out. Manganese sulfate is

therefore coming out pretty fast at present. Would you have us
dump it somewhere? You wouldn’t like that one bit, and
neither would we —particularly since our hydroquinone plant
takes the same insoluble MnO, that some people try to use in
fertilizer and changes it to a fully soluble source of those Mn**
ions without which, for example, citrus groves on impover-
ished soil languish in chlorosis.

And that is why, when Tom Fudge of Eastman Chemical Products,
Inc., Kingsport, Tenn. 37662, goes about insisting on the importance of
the trademark TECMANGAM in soil improvement he is performing a
reasonable, beneficial, and highly unusual role. It comes in 50-1b
bags. Ask Tom for pertinent experiment station literature.

The writer’s favorite teeth

‘Weriter’s right molars gave this radiographic
image on September 24, 1952.

Same writer’s same molars gave this radio-
graphic image on April 6, 1965, but with less
than 1/25 the radiation doserequired in 1952.
Reason: writer’s employer had increased
the sensitivity of x-ray film.

Same molars on August 22, 1966. This time
it was even comfortable. No more of those
wretched hard, sharp edges on the x-ray
film packets that make the gums feel as
though being cut to ribbons. Furthermore,
the new film needed much less darkness for
processing, so thaat the gal didn’t have to
spend time dark-adapting her eyes, which
kept things moving more briskly in the
waiting room. Improvements signified by
additional trademarks “Poly-Soft” and
“Morlite’” after the basic trademark
“Kodak” on dental x-ray film.

Never tell your dentist what kind of products
to put in your mouth, but see him regularly
and be friendly.
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B Corrosive
Environments

are writing the kind of tough tubing
specifications TMI likes best of all !

Hl Thermo Extremes
confirm TMI quality cold drawing
with a loud A-OK !

M Micro-Accuracy

in wall and surface specs spell out
TMI in bold letters . . . a sign of
real confidence !

Bl TMI Tubing is Ready!

America’s industrial society is seeing
its infants rise into giants and its
veteran organizationsreachingfarinto
new horizons of metalworking ability.
Quality specifications are scrapping
old methods, old standards, old expe-
riences. We know! As small diameter
specialists, we’ve never had a moment
for pioneering relaxation.
Constantly, people just likeyou, with
new tubing problems come to people
just like us for “‘special’’ TMI quality
tubing. For 25 years we ~ __gmme
have been research- 4
ready . . . with the
answers. Try TMI,
see for yourself.

METHODS
INC.

Internationally Recognized Engineers, Metal-
lurgists and Manufacturing Specialists in
cold-drawn seamless and welded stainless
steel. High Temperature and High Corrosion
Alloys including Haynes, and Huntington
Alloys, to highest precision standards in
small diameters: 050 1o 1.250 0.D. Write,
wire, phone

BRIDGEPORT, MONTGOMERY COUNTY, PA. 19405
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Flattened Star

significant modification in Albert
A Einstein’s general theory of rela-
tivity may be needed as a result
of an experiment indicating that the sun
is sufficiently flattened at the poles to
affect the orbit of the planet Mercury.
This flattening, said Robert H. Dicke of
Princeton University in reporting his
measurements at a ]anuary meeting on
relativistic astrophysics held in New
York, can account for about 8 percent of
a component of Mercury’s orbit that is
explained by the general theory.

The orbital component is the slow ad-
vance of the perihelion, or closest point
to the sun. The rate at which Mercury’s
perihelion advances has long been re-
garded as the best-verified prediction of
the general theory. When the effects due
to the gravitational attraction of oth-
er planets are calculated on the basis
of Newtonian gravitational theory, one
finds that there is an excess in the ad-
vance of Mercury’s perihelion amounting
to 43 seconds of arc per century. Ein-
stein’s theory accounts for an excess of
43.03 seconds.

In this prediction the general theory
is inflexible. Dicke believes that if part
of the advance of Mercury’s perihelion
can be attributed to the oblateness of the
sun, it will be necessary to make a spe-
cific modification in the general theory
within the framework of relativistic prin-
ciples. In the general theory gravity is
not a force but a consequence of the
curvature of space. Gravity is associated
with the presence of a “tensor field,”
which is the metric tensor of the Rie-
mannian geometry of curved space. The
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metric tensor helps to define the dis-
tance between any two points in the
four-dimensional space-time continuum
of general relativity.

Believing that gravitation is more
than a purely geometrical phenomenon,
Dicke proposes to add a force compo-
nent associated with a “scalar field,” one
in which each point in space has a spe-
cific physical quality to which a single
value can be assigned. This theory,
which Dicke developed several years
ago in collaboration with Carl Brans, re-
sembles other alternative theories of
gravitation, such as the one devised by
Pascual Jordan of Germany. It should
be possible to choose among the theories
by observational tests of the type Dicke
has reported. In the Dicke-Brans theory
the advance of Mercury’s perihelion is
less than in Einstein’s theory by about
10 percent, or by the factor 1 — 4s/3,
where s is the fraction of a body’s weight
due to the scalar interaction.

To measure the oblateness of the sun
Dicke, Henry Hill (now at Wesleyan
University) and H. Mark Goldenberg
designed an instrument that projects the
image of the sun on a fixed disk that is
slightly smaller than the image. The light
that passes the rim of the disk strikes a
rotating wheel, concentric with the sun,
that has two apertures on opposite sides.
A photodetector below the rotating disk
samples the light that passes through
the apertures. To the extent that the sun
is not perfectly round, the recorded light
will appear to flicker. The measurements
had to be conducted over a long period
because the shape of the sun as it is seen
from the earth is continuously distorted
by the earth’s atmosphere.

Apart from their possible implications
for Einstein’s general theory, the results
of Dicke and his colleagues indicate an
interesting fact: The core of the sun must
be rotating much faster than the sun’s
surface, which makes one revolution in
about 28 days. Another colleague of
Dicke’s, P. J. E. Peebles, has calculated
that to produce the observed flattening
the core must be rotating once in about
1.8 days.

Ribonuclease in Three Dimensions

’]‘he three-dimensional structure of a
fourth protein molecule has been de-
termined. Up to now this feat had been
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performed (with various degrees of reso-
lution) only for three proteins: myo-
globin, the respiratory pigment of mus-
cle cells; hemoglobin, the respiratory
pigment of red blood cells, and the en-
zyme lysozyme. Now a team of investi-
gators at the Roswell Park Memorial In-
stitute in Buffalo has worked out the
three-dimensional arrangement of the
124 amino acid units of the enzyme
ribonuclease.

Ribonuclease breaks down ribonucleic
acid, the substance that in various forms
acts as an intermediary in translating
the genetic information of deoxyribo-
nucleic acid (DNA) into the sequences of
amino acid units in proteins. According-
ly the enzyme plays an important role in
the regulation of cellular processes. Since
the way any enzyme works depends on
its three-dimensional form and its “ac-
tive sites,” knowledge of that form is a
necessary step toward understanding its
exact mode of action.

The sequence of amino acid units in
the ribonuclease molecule was deter-
mined some years ago by two groups of
investigators, one at the Rockefeller In-
stitute and the other at the National In-
stitutes of Health [see “The Chemical
Structure of Proteins,” by William H.
Stein and Stanford Moore; SciENTIFIC
AmeRricaN, February, 1961]. At the
Polytechnic Institute of Brooklyn and
then at Roswell Park, David Harker, Go-
pinath Kartha and Jake Bello undertook
to map the molecule in three dimensions.
To this end they modified established
X-ray crystallographic methods and
adopted a technique developed by M. F.
Perutz and his colleagues in Britain.
This involves attaching heavy atoms to
certain parts of protein molecules so
that, when the molecules are arrayed
in a crystal, the planes formed by the
heavy atoms reflect X rays in a regular
manner [see “The Hemoglobin Mole-
cule,” by M. F. Perutz; SCIENTIFIC
AMmERICAN, November, 1964]. After pro-
ducing crystalline ribonuclease and find-
ing the appropriate heavy atoms and a
new way to diffuse them into the crys-
tals, Harker’s group placed the crystals
in a computer-controlled X-ray device
that oriented them at various angles and
recorded the X-ray reflections. From
these data the computer generated con-
tour maps of various sections of the crys-

tal, and a three-dimensional stack of
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An elliptical parking orbit
at Venus?

This figure illustrates the weight savings
possible for a manned mission to Venus if an
elliptical parking orbit rather than a circular
one is used for observing the planet.

This and other means of minimizing the
weight requirements for manned missions to
Mars and Venus are under consideration by
Bellcomm. These studies are part of our work
for NASA's office of Manned Space Flight.

Bellcomm offers rewarding employment
opportunities for qualified specialists in all
technical disciplines bearing on analysis of
planetary missions—flight mechanics, guid-
ance and navigation, communications, bio-
astronautics, propulsion and power systems.
Bellcomm also seeks aeronautical and
mechanical engineers broadly experienced
in vehicle systems or mission planning.

If you are interested and feel qualified
for systems engineering work, Bellcomm
welcomes your résumé. Send it to Mr. N. W,
Smusyn, Personnel Director, Bellcomm, Inc.,
Room 1502-M, 1100 17th St.,, N.W., Washing-
ton, D.C. 20036. Bellcomm is an equal
opportunity employer.

= ) Bellcomm, Inc.

S

v A Bell System Company

© 1967 SCIENTIFIC AMERICAN, INC

49



Rent an
idea machine!

It's Riegel’s Machine “X"...a 90-ft.-
long compact machine for making
experimental paper and paper-like
materials. Already Machine “X"’ has
been midwife to such pregnant
ideas as electrophotographic copy
paper, ceramic “papers” that won't
burn at 2200°, felt-like filters full of
charcoal, conductive papers for
electrical shielding.

We won't sell this machine; money
couldn’t buy it. But we'll rent it...by
the hour, day, week or month. You
just supply your ideas...your dreams,
or your objectives.We'll throw in our
imagination, our skilled technicians,
versatile corollary equipment, and a
barrel full of experience with natural
and synthetic, organic and inorganic
fibers, impregnations, coatings and
laminations.

Riegel’s capabilities may help you
find more inventive materials for

your products, your production, or
your packaging. And Machine “X"
won't talk; it keeps your secrets.
Write it ¢/o Riegel Paper Corpora-
tion, Box 250, Murray Hill Station,
New York, N.Y. 10016.

RIEGEL
PAPERS

FOR
MEN
WITH

IDEAS T0 PROVE
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these maps yielded a three-dimensional
model of the molecule.

The model traces the convolutions and
cross-linkages of the chain forming the
backbone of the molecule. Its resolution
(two angstrom units, or two hundred-
millionths of a centimeter) is not fine
enough, however, to show the exact po-
sition and orientation of each amino acid
subunit as the models of myoglobin and
lysozyme do. Harker and his colleagues
are now working on a higher-resolution
model.

No Superweak Force

Since 1964, when a group of workers
from Princeton University discovered
that certain weak interactions of sub-
atomic particles violate the basic sym-
metry principle known as CP invariance,
physicists have been searching for a way
to interpret this finding without accept-
ing one of its apparent implications: the
idea that particle interactions in general
exhibit a preference for a certain time di-
rection. Now the preliminary results of a
pair of experiments in progress—one at
the European Organization for Nuclear
Research (CERN) in Geneva and the
other at the Princeton-Pennsylvania Ac-
celerator (PPA) in Princeton—appear to
rule out a particularly attractive class of
explanations put forward to account for
the observed violation of CP symmetry.

The principle of CP invariance states
that, in those interactions that have been
found to violate either the principle of
the conservation of charge (C) or the
principle of the conservation of parity
(P), a combination of the two principles
is obeyed. The interactions in question
would then be indistinguishable from
their oppositely charged, space-reflected
mirror images. The 1964 experiment
showed, however, that the CP rule does
not always govern the decay of the long-
lived neutral K meson; instead of the
three pi mesons permitted by CP sym-
metry this decay was sometimes ob-
served to produce only two particles, a
positive pi meson and a negative pi
meson—a result forbidden by CP sym-
metry.

The trouble with accepting CP asym-
metry in this instance is that its implica-
tions go much further. If the principle
of CP invariance is not universal (that is,
if the laws governing some events in na-
ture are not invariant when reflected in
the “CP mirror”), then it can be demon-
strated that the “T mirror”—the princi-
ple of time-reversal invariance—is also
in jeopardy. This would leave only one
universal symmetry principle: the com-
bined “CPT mirror,” in which all three
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basic symmetries (charge, parity and
time) could be reversed together. To
limit the implications of the observed
violation of CP symmetry, theoretical
physicists have proposed a number of
alternative explanations, attributing the
violation to previously undetected high-
energy processes, called virtual proc-
esses, that are noticeable only in the de-
cay of neutral K mesons. They have sug-
gested that the virtual processes at work
in K-meson decay represent either a sub-
tle form of some known interaction (such
as the weak force, the electromagnetic
force or the nuclear force) or an entirely
new interaction: the “superweak” force.

It is this last category of explanations
that has now been eliminated as a pos-
sible explanation of CP nonconservation.
The two experiments that contradicted
the hypothesis of the superweak force
were both designed to measure the rate
of decay of the long-lived neutral K mes-
on to form two neutral pi mesons. Al-
though the experiments differ somewhat
in technique, the measured decay rate
in both departs significantly from the
rate predicted by the superweak-force
hypothesis. Moreover, the observation
of two neutral pi mesons in itself con-
stituted further proof that CP is not con-
served. It appears likely that CP asym-
metry is a much more general phenome-
non than some physicists had supposed,
and attempts to observe it in other par-
ticle interactions are now under way.

The PPA experiment was performed
by four physicists from Princeton: James
W. Cronin, Paul F. Kunz, Winthrop S.
Risk and Paul C. Wheeler. The Geneva
experiment was done by a group of 14
physicists from CERN, the Rutherford
High-Energy Laboratory at Harwell in
England and the Technische Hochschule
at Aachen in Germany.

Biology Afloat
A ship designed as a floating labo-
ratory for experimental biology de-
parted from California on February 3
for an eight-month stay in the waters of
the Amazon. The ship is the Alpha Helix,
financed by the National Science Foun-
dation and operated by the Scripps In-
stitution of Oceanography. The name
refers to one of the basic structures of
the protein molecule and suggests the
fundamental nature of the work for
which the vessel is intended.

The 133-foot steel ship was designed
to provide a fully equipped biological
station in any part of the world. Its fa-
cilities include a biochemical laboratory,
a “wet” laboratory with facilities for
aquariums, an electrophysiological lab-
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put the

lightweight
helicopterona
party line?

Sylvania Electronic Systems an-
nounces a 53-pound Avionics
| package that tunes in just about
| any friendly force.

Now Light Observation Heli-
copters can talk to the ground, to
high- and low-flying aircraft, to
ships at sea. To air traffic control
and headquarters.

The new system is responsive,
reliable, rugged. Designed for mili-
tary as well as other applications.

In military use, FM homing
equipment locates friendly ground
forces and temporary airfields. As
a radio relay, it automatically
transmits voice over FM or AM.

In short, the new LOH Avionics |

package puts you on speaking
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ities of GT&E to serve the nation.
Sylvania Electronic Systems, Di-
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NEW! Direct reading
punched tape
programmers control

22, 42 or 82 circuits.

Less than

5600

(82 channels 115V)

Expressly designed for multiple circuit in-
dustrial control applications, this new Tape
Reader combines the durability of toggle
switches, the flexibility of a patchboard,
the repeat accuracy of a cam timer, with
the advantages of punched tape program-
ming.

It is a direct-reading tape programmer
in which sustained switch closure is pro-
vided without memory or lock-up relays.
Through the action of make-before-break
contact brushes, two or more successive
holes in each tape channel still sustain a
switch closure.

The tape is driven through the reader
either from an external switch closure,
stepping from position to position, or at a
sustained speed of 25 lines per second.
Stepping and sustained advance programs
are easily mixed.

Three basic tape drives are available;
synchronous motor in many speeds (lines
per second), stepping/fast advance (ad-
vancing the tape line by line from the re-
ceipt of an external switch closure), and a
variable speed drive.

Current applications include: sequenc-
ing targets on a rifle range, medical anal-
ysis equipment, automated plating, loom
programming, automatic coil winding,
water temperature control for injection
molding, durability testing of automatic
transmissions, tire manufacturing, food
batching, and many others.

Number of

Series Channels

Prices Drive Type

112 $300.00 12
222 $390.00 22
242 $465.00 42
282 $595.00 82

Synchronous motor

Stepping/Fast advance
Stepping/Fast advance
Stepping/Fast advance

Write for a demonstration, or our 8 page
catalog, it will be sent by return mail.

INDUSTRIAL
TIME

CORPORATION

Interstate Highway #287, Parsippany, N.J. 07054.
An Amercon Company
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oratory (including a darkroom and a
small room in which experiments can be
performed in a cold environment or
specimens can be quick-frozen), a ma-
chine shop and a scientific library. A
hold astern contains a jeep and a prefab-
ricated building that can be assembled
ashore as a laboratory. The ship has
quarters for 10 investigators and a crew
of 12.

Per F. Scholander of the Scripps Insti-
tution had a major role in developing the
concept and design of the vessel. Accord-
ing to Theodore H. Bullock of the Uni-
versity of California at San Diego, who
is chairman of the national advisory
board for the ship, one of the key con-
cepts is that the ship provide a “24-
hour symposium” for workers in different
but related disciplines. He notes that the
vessel also brings together workers from
different institutions and different coun-
tries.

The concepts were tested last year on
the ship’s first cruise, which involved an
investigation of the Great Barrier Reef
of Australia. The participants were
44 workers from 11 institutions in the
U.S. and eight abroad. This year’s ex-
pedition to the Amazon will include four
successive programs: neurobiology, with
Bullock as leader; osmotic regulation,
led by Knut Schmidt-Nielsen of Duke
University; insect physiology, led by
Carroll M. Williams of Harvard Univer-
sity, and plant physiology, with Jacob B.
Biale of the University of California at
Los Angeles as leader. On the return
voyage the ship will spend about two
weeks in work on deep-sea physiology
under Malcolm S. Gordon of U.C.L.A.

Oldest Australopithecus

r]’he known antiquity of man’s imme-

diate ancestor, Australopithecus of
Africa, has been nearly doubled by
the discovery of a 2.5-million-year-old
fragment of arm bone near Lake Ru-
dolf in Kenya. The fossil, the lower tip
of a humerus, was found in August,
1965, by Bryan Patterson, a Harvard
University paleontologist; its identity
was announced in January of this year
by Patterson and William W. Howells, a
Harvard anthropologist. The sedimen-
tary rocks from which the bone came are
overlain by a lava flow that is dated by
the potassium-argon method as 2.5 mil-
lion (%200,000) years old. The oldest
rocks at Olduvai Gorge in neighboring
Tanzania, famous for their prehuman
fossil remains, are about 750,000 years
younger.

The Kenya find is particularly sig-
nificant because it indicates the presence

© 1967 SCIENTIFIC AMERICAN, INC

of a member of the human lineage in
East Africa 750,000 years before the
time when comparable hominids coex-
isted at Olduvai with representatives of
the less human hominid Paranthropus
robustus. Some students of human evo-
lution have suspected that Australo-
pithecus and Paranthropus had devel-
oped along separate lines long before
Olduvai times; the new fossil points in
the same direction.

Although Patterson’s discovery pushes
the antiquity of recent hominids back
toward the beginning of the Pleistocene
epoch, some 3.3 million years ago, a tre-
mendous gap still exists between these
hominids and their most probable an-
cestors of Miocene times: such forms as
Ramapithecus and Kenyapithecus, which
flourished in India and Africa between
20 million and 14 million years ago.

Coral Corral?

x proposal to raise plankton-eating
+ % whales in captivity for the dual pur-
pose of providing food for the expanding
human population and saving the whales
from extinction has been advanced by
Gifford B. Pinchot of Johns Hopkins
University. Pinchot, a biochemist and a
career investigator for the U.S. Public
Health Service, writes in Perspectives in
Biology and Medicine that the corrals for
domesticated whales could be coral: the
atolls of the Pacific. An important fea-
ture of the scheme would be to fertilize
the water in the atolls artificially to in-
crease the production of plankton.

Pinchot notes that since the oceans
cover three-quarters of the earth’s sur-
face, they receive three times as much
sunlight as the land and so “have the
potential ability to produce much more
food than the land.” The problem is that
“we still hunt the oceans rather than
farm them.” An atoll has a roughly cir-
cular “fence”—a coral reef—surrounding
a central lagoon and “would provide an
ideal preformed container” for experi-
ments in fertilization. Pinchot proposes
two ways of doing the fertilizing: adding
commercial fertilizer or pumping in wa-
ter from the depths around the atoll,
which are rich in nutrients. He suggests
that the pumping could be done with
windmills, since the atolls are in the
trade-wind belt of the Pacific and have
winds averaging 12 to 18 miles per hour
most of the time.

“We would expect,” Pinchot argues,
“that our fertilized atoll would grow
phytoplankton, which in turn would be
eaten by zooplankton, and then we
should be ready to put some harvestable
animals into our pasture. For the sake of



Thats right,this new BMW
does105m.p.h.,

is practically indestructible,
and costs only $2.477"

So what are
you waiting for?

This could change just about every
idea you ever had about cars.

Because here, in one lithe, lovely
package, is the best of both automobile
worlds.

On the one hand, great performance,
and marvelous roadability.

On the other, convenience, ruggedness,
and economy.

Remarkable? We think so, too. In fact,
of all the fine cars we've produced at
e Bavarian Motor Works over the past
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50 years, this new BMW is perhaps the
most outstanding. Just look at some
of its features.

First, so rugged is this car that you can
literally cruise at better than 100 m.p.h.

Then there is the ingenious BMW
suspension. All four wheels are fully
independent, and the rear wheels never
change camber. This makes it one of the
safest road cars ever built, and only
BMW gives you this system.

Yet for all this, the same car is down-
right economical to operate.

It goes on and on, especially right
past repair shops and gas stations (gas
mileage 28 to a gallon).
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The interior is big and roomy, with
the kind of space even six-footers can
stretch out in.

And best of all, it’'s a BMW.

Your dealer is ready right now to let
you have one for a test drive. As we said
earlier, what are you waiting for?

Sole U. S. Importer:

Hoffman Motors Corporation,
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La Cienega Blvd.,

Los Angeles, Calif.
Dealers coast to coast.
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Delivery Program
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Computer designs "impossible” filters for Western Electric

For years, engineers have known
that better electronic wave filters
could be designed by using the in-
sertion parameter theory. But the
complex mathematics of this
theory, sometimes carried to 45
decimal places, made it imprac-
tical to handle.

Until now Western Electric engi-
neers at our Merrimack Valley
Works in Massachusetts have used
the image parameter theory, ex-
perience, and experimental meth-
ods to design filters. But now,
together with engineers from Bell

Telephone Laboratories, they have
worked out a computer program
that solves their problem.

Using the insertion parameter
theory and the computer to design
a band-pass filter, they reduced
the number of inductors needed,
cut the cost of components by
36%, shortened design time 81%,
and slashed engineering prove-in
time by 86%. Moreover, they re-
duced attenuation in the band-pass
region and sharpened filter cutoff
between pass and stop regions.

Western Electric manufactures
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many thousands of electronic wave
filters for the Bell System each
year. With band-pass filters, for ex-
ample, we can transmit many con-
versations at once over a single
pair of wires. Naturally, we have a
definite interest in synthesizing fil-
ters with maximum performance
and minimum cost.

Such uses of computers to cut
costs and improve performance is
another way in which Western Elec-
tric helps its teammates in the Bell
System bring you dependable, low-
cost communications service.

Western Electric
MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM




efficiency we should like to harvest ani-
mals that eat zooplankton rather than
harvest fish that eat small fish that eat
zooplankton.” The filter-feeding whales,
such as the blue whale, the humpback
whale and the sei whale, eat zooplankton,
and because of their size they would be
relatively invulnerable to predation and
easy to keep track of in an enclosed atoll.

Pinchot concludes: “It is a real tragedy
that whales stand in danger of being
completely exterminated by man, and
the situation illustrates again the ex-
treme shortsightedness of human beings.
These filter-feeding whales are in an al-
most unique position in the food chain
in the sea, since they are large and feed
on zooplankton. If they are exterminat-
ed, this extremely efficient mechanism
for converting plants into animal protein
will be lost forever.”

Jumping Sprinters
One of the two “kicks” in running—

the leg thrust a runner uses to propel
himself, rather than the term for a final
burst of effort—has now been analyzed;
the leg action proves to be far more com-
plex than was supposed. Akira Tsujino
of the Kobe University School of Medi-
cine buried a concrete box with a loose
wooden lid in one of the university’s ath-
letic fields. Volunteer sprinters then ran
a 100-meter course, managing to step
squarely on the box midway; the hori-
zontal and vertical components of each
impact were measured by means of
strain gauges. Tsujino reports in the
Kobe Journal of Medical Sciences that
the dynamics of a runner’s step are di-
visible into three parts: (1) a force that
brakes forward motion as the foot first
strikes the ground, (2) a downward pres-
sure as the runner’s body swings forward
and (3) a rearward thrust—the kick—
that counteracts the deceleration accom-
panying the first two events. At each
stride the foot remains on the ground for
about a tenth of a second, so that during
the 12 seconds or so of a 100-meter run
the runner is in contact with the ground
for five seconds.

Contrary to widespread belief, Tsujino
notes, it is not the kick that keeps a
sprinter literally up in the air during
more than half of every race. Instead the
runner gets his lift from the conversion
of forward momentum into a vertically
directed force during the second part of
the stride; a 125-pound sprinter exerts
an average downward pressure of nearly
500 pounds at that instant. The force of
the rearward kick is a modest 70 pounds.
Tsujino concludes that sprinters spend
most of a race jumping.

We decided to eliminate some
limitations of Metallurgical Microscopes.

Now there’s the Wild M50

Unprecedented versatility for investigating surface structures in incident light.
The stability to assure vibration-free observation even in photomicrography.

Combine these M50 features with 1. The world's finest optics and mechanical precision.
2. A complete range of accessories for photomicrography, projection, and discussion.
3. Fingertip switching from darkfield to brightfield. 4. Polarizing feature. 5. Inverted con-
struction for all size specimens.

You'll conclude that in Metallurgical Microscopes, there’s the Wild M50.
Write or call for Booklet M50.

® WILD HEERBRUGG INSTRUMENTS, INC.
FARMINGDALE, NEW YORK 11743
HEERBRUGG Wild of Canada, Ltd. Wild de Mexico, SA

881 Lady Ellen Place Londres 256
Ottawa 3, Ontario Mexico 6, D.F.
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Grumman’s across-the-board
Space Capabilities 1967-1977

PRESENT LM WORK

Construction of all vehicles scheduled for 1967 delivery
is well under way. We have already delivered the first
Lunar Module to Kennedy Space Center. This year we
deliver to NASA the vehicle scheduled to land on the
moon. We are confident of meeting the goal of landing
a man on the moon safely.

ADVANCED SPACE MISSIONS

Grumman has spent over three years studying the ap-
plication of our Apollo/LM vehicles to a variety of earth
orbital, lunar orbital and lunar surface missions. Also,
their relevance to scientific earth resources, communi-
cations and logistics missions. We've expanded the
scope and intensity of studies in planetary probes, ad-
vanced scientific satellites, military applications, lunar
bases, re-entry vehicles and manned Mars missions.
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MARS MISSIONS

Grumman is engaged in major application research to
develop vehicles for soft and hard landings on Mars.
Our aim is to make current space hardware and experi-
ence pay off for the national space program: to use
what we've learned and built in order to achieve maxi-
mum success at the lowest practicable cost in the
crucial Voyager mission. Before a man can land on
Mars, scientists must learn a great deal more about the
planet and its environment. This calls for a varied series
of probes, orbiters and hard and soft landers.

ORBITAL SPACE STATIONS

Currently under study are space stations with lifetimes
of up to five years. And space science isn't the only
area to profit from orbital space stations. The knowl-
edge gained filters rapidly into our daily lives. In such
forms as earth resources surveys, world-wide educa-
tional TV, and greatly improved meteorological data for
more precise weather reports.

GRUMMAN ricraft Engineering Corporation * Bethpage, L. I, New York
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MOON ROCK was photographed by Surveyor I shortly after its
successful landing last June. Approximately 12 feet from Survey-
or’s television camera, the rock is about 18 inches long and six
inches high. Although it looks like a typical terrestrial rock, one
hypothesis suggests that it is an aggregate produced by the shock of a

60

meteoritic impact. Such aggregates have been called “instant rocks.”
The quality of the picture has been enhanced by computer proc-
essing of the original signal. Surveyor I was designed and built
by the Hughes Aircraft Company under the supervision of the Jet
Propulsion Laboratory of the California Institute of Technology.
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The Surface of the Moon

Nine spacecraft have provided thousands of closeup pictures

of the moon. Although they have revealed much never seen before,

they have not solved the riddle of the moon’s nature and origin

ithin the past three years as-
tronomers have been presented
with a wealth of photographic

information about the moon, beginning
with the 17,000 pictures sent back to the
earth by the three Ranger spacecraft
that crashed on the moon in 1964 and
1965. These pictures were followed early
in 1966 by the first detailed views of the
lunar surface provided by the Russian
spacecraft Luna 9 and soon afterward
by the American Surveyor I. In succeed-
ing months several hundred more photo-
graphs were received from the moon-
circling spacecraft Orbiter 1, Orbiter 11
and Orbiter 111. '

Now that we have seen the moon in
greater detail than ever before, includ-
ing views that reveal surface particles
smaller than a millimeter, what conclu-
sions can be reached about the nature
of the lunar surface? Which hypotheses
have been confirmed by the photographs
and which eliminated? Have the pictures
yielded any insight into the structure of
the moon? Have they shed any light on
the moon’s origin?

It should be said at the outset that the
American spacecraft lofted toward the
moon—the Rangers, Surveyors and Or-
biters—were designed with a single over-
riding objective in mind: to provide the
information essential for achieving the
national goal of landing a man safely on
the moon before 1970. In other words,
the spacecraft were not designed pri-
marily as vehicles of scientific explora-
tion. They were reconnaissance vehicles,
built to gather technological informa-
tion that would pave the way for the
landing and operation of larger, more
complex vehicles, particularly those car-
rying men. So when compromises had to
be made, when some instruments had
to be given priority over others in the
early stages of the program, the decision

by Albert R. Hibbs

was clear. In laying out plans that ex-
tended over several years, the first thing
to be learned was the mechanical char-
acteristics of the moon’s surface at a few
selected points, and the conditions that
would govern a safe landing of the
manned Apollo spacecraft. When the
Apollo astronauts are easing the first
landing module to the surface of the
moon, they will know that the area se-
lected for touchdown is both smooth
enough and strong enough to make that
landing safe.

Once this has been said, it remains
true that information sent back by the
various lunar vehicles has been of im-
mense interest to investigators whose
specialty is the moon: its surface fea-
tures, its internal structure, its history
and its origin. Until a few years ago it
seemed reasonable to suppose if one
could only get better pictures of the
moon’s surface, one might be able to re-
solve at least some of the arguments that
had developed over the nature and his-
tory of the moon. Until July, 1964, our
knowledge of the surface of the moon
had changed very little over the past 100
years. The turbulence of the earth’s at-
mosphere made it impossible to resolve,
even with the best telescopes under the
best seeing conditions, surface features
of the moon that were smaller than sev-
eral hundred meters across. The photo-
graphs made within the past three years
have improved on this limit of resolu-
tion by a factor of at least 100,000.

The Lunar Hypotheses

Before considering the information
that has been gleaned from both the
American and the Russian lunar space-
craft, I shall describe some of the con-
flicting ideas about the moon that one
might hope to test by placing cameras,
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as well as other instruments, aboard such
spacecraft. Let me begin at the begin-
ning, by describing three principal hy-
potheses that attempt to account for the
formation of the moon.

According to one hypothesis the moon
was once part of the earth and was
thrown out into space when the earth
was spinning considerably faster than
it is now. The moon then moved out to
its present orbit as a result of tidal inter-
actions between the earth and the moon.
According to a second hypothesis the
moon was formed initially as a satellite
of the earth by a process similar to the
one that created the earth itself, that is,
a gradual accumulation of matter out
of a cloud of gas and dust. A third hy-
pothesis of lunar origin suggests that the
moon was originally an independent
planet whose orbit brought it close
enough to the earth for it to be captured
as a satellite.

Each of these hypotheses presents dif-
ficulties. For the first the difficulty is dy-
namical. It is possible to calculate the
changing shape of the original spinning
body as it became distorted to the point
of coming apart, at least up to the in-
stant when the proto-moon would be
torn free [see illustration on page 63].
This calculation gives figures for the total
energy and angular momentum of the
system at the moment of separation. The
present energy and angular momentum
of the earth-moon system, however, are
much smaller than the calculated origi-
nal ones. The energy is now only 6 per-
cent of the original energy indicated by
this hypothesis and the angular momen-
tum about 27 percent. Although the en-
ergy of the system can be dissipated by
such processes as friction due to tidal
motions, it is difficult to imagine any
process of dissipation that could account
for the loss of 94 percent of the original
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amount, and it is almost impossible to ac-
count for the loss of angular momentum.

The second hypothesis supposes that
the earth and the moon were both
created from the same mass of dust and
gas, part of which accumulated to form
the earth and part to form the moon. The
average density of the moon, however,
is only 60 percent of the earth’s density.
This difference in density implies that
some kind of differentiation process must
have been at work while the two bod-
ies were being formed. So far no one
has been able to suggest an adequate
process.

The first hypothesis avoids this diffi-
culty because the part of the earth that
broke away and formed the moon would
have been composed largely of material
in the earth’s crust. Indeed, the average
density of the earth’s crust is only a little
less than the average density of the en-
tire moon.

The third hypothesis is again limited
by dynamical arguments, but perhaps
not so severely as the first. The difficul-
ties lie in details of the capture process.

Recently Gordon ]. F. MacDonald of
the University of California at Los An-
geles, among others, has calculated dy-
namically possible orbits for the earth
and the moon that would have led not
only to the capture of the moon by the
earth but also to the establishment of
the moon’s present orbit [see illustrations
on pages 64 and 65]. The initial condi-
tions for such capture are of course ex-
tremely limited. The likelihood of their
being met are correspondingly small, but
this does not rule out the possibility.

The History of the Moon

In addition to the three hypotheses of
origin there are three points of view con-
cerning the general conditions of the
moon’s subsequent history. These can be
labeled the hot theory, the warm theory
and the cold theory. Proponents of the
hot theory believe a considerable amount
of plutonic activity—activity involving
molten rock—has taken place deep in the
interior of the moon and on its surface.
In fact, there are some who believe most

of the craters on the moon are volcanic;
they describe some of the larger ones as
calderas: craters that have been made
many times larger than the original vol-
canic vent by the collapse of the sur-
rounding region. One of the principal
conclusions of the hot-moon theory is
that the large dark areas on the moon—
the maria, or “seas”’—are flows of either
lava or ash.

There is some evidence to support the
idea that material has spread over the
lunar surface. The low hills in Mare
Imbrium, for example, appear to have
been formed by flowing material. Re-
cently flowlike patterns on the lunar sur-
face have been revealed by making
separate images of the moon through
filters that pass either ultraviolet or in-
frared radiation and viewing a negative
of one plate against a positive of the
other. If the resulting black-and-white
picture is reprocessed to produce a col-
ored version, one obtains the result
shown on the cover of this issue of Sci-
entific American. The photographs used
in this demonstration were made by

TELESCOPIC VIEW OF MOON is typical of the best lunar photo-
graphs that were available before the space age. The crater in the
center of this photograph is Tycho, which lies in the moon’s south-
ern hemisphere. It is believed to be one of the moon’s most recent-
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ly formed features. Infrared, radio and radar measurements show
that some of the material around the edge of Tycho has properties
quite different from those over most of the moon’s surface. The
photograph was made with the 100-inch telescope on Mount Wilson.



Ewen Whittaker of the Lunar and
Planetary Laboratory of the University
of Arizona.

Proponents of the cold theory hold
that the moon has not had significant
plutonic activity, at least near the sur-
face. They argue that the appearance of
the surface and the nature of the surface
materials are determined by the impacts
of bodies that participated in the moon’s
formation, and by objects that have been
falling ever since. Some in this camp
have even suggested that much of the
subsurface material may be ice. The ice
would be protected from solar radiation
by an overlying blanket of dust, and at
least some of it would escape being
melted by the internal heat of the moon.
Thus a layer of ice and dust would re-
main at a low enough temperature and
a low enough vapor pressure to be pre-
served for the lifetime of the moon.

The warm theory lies between these
extremes. Some members of the warm-
moon school believe, for example, that a
few features on the moon’s surface are
volcanic, such as the “dark halo” craters
on the floor of the crater Alphonsus [see
bottom illustration on page 66], and that
perhaps lava has flowed over fairly large
areas at some time, but that most of the
craters are due to impact and most of the
present surface material is the rubble re-
sulting from such impacts.

Another hypothesis, more complex
than any of those mentioned so far, re-
lates both the origin and the history of
the moon to the chemical and mineral
characteristics of meteorites. This hy-
pothesis, developed by Harold C. Urey
of the University of California at San
Diego, involves a three-step process for
the formation of the solar system. He
visualizes as a first step that a number
of moon-sized bodies were formed by
the accumulation of material at several
points in a primordial dust cloud. This
step was followed by collisions of the
various bodies, leading to the destruction
of most of them and the creation of at
least some of the meteorites. The third
step involved the recombination of most
of the fragments into the planets as they
exist now.

On this hypothesis Urey suggests that
the moon is one of the primary bodies,
and that it was captured by the earth in
accordance with the hypothesis de-
scribed earlier. This theory avoids the
problem of specific gravity by suggestin g
that many of the small primary bodies
originally in the general region of the
earth’s orbit had a density and composi-
tion similar to that of the present moon.
The differentiation process that resulted

FORMATION OF MOON BY FISSION from the earth is one of three major hypotheses of
moon’s origin. At less than a critical spin rate (1) the earth is an oblate spheroid much flat-
ter than that of the present planet. As the spin rate increases (2), perhaps as a result of the
movement of heavier material to the core, the spheroid flattens. Then the motion is unstable
and the earth assumes a shape resembling a bowling pin (3 and 4). Finally (5) the bulge
separates from the earth. The earth and moon return to gravitationally stable ellipsoids (6).
Thereafter (7) tidal friction reduces the energy of the system and causes the moon to move
farther from the earth, while the earth’s spin rate is steadily slowed. The diagram is based
on calculations published by Sir James Jeans in 1929 and by Donald U. Wise in 1963.
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in a heavier specific gravity for the earth
took place during the second phase of
the combination step.

Dynamics and Temperature

Each proponent of one or another of
these hypotheses has called attention to
observations Le feels cannot be explained
by those who have put forward other hy-
potheses. For example, one problem con-
cerns the three moments of inertia of the
moon, one for each axis of a three-dimen-
sional coordinate system. If the moon
were not perfectly symmetrical but in-
stead were somewhat ellipsoidal, it
would wobble from side to side in its
orbit. Such a wobble is called libration.
If libration were observed, one could
compute the three moments of inertia
needed to produce it.

Unfortunately measurements of the
moon’s libration are difficult to make and
are not very accurate. As they stand they
give a picture of a quite unsymmetrical
body, elongated both toward the earth
and away from it, and flattened north
and south. If these measurements are
correct, and if the distribution of matter
within the moon is homogeneous, then
the moon is not in gravitational equi-
librium in the earth-moon system. This
lack of equilibrium means that a con-
siderable gravitational stress exists at the
moon’s center—a stress that cannot be
resisted by a liquid core. Such a con-
clusion would rule out hot models of the
moon, and perhaps warm models as well.

Of course the measurements could be
in error, or the mass of the moon could
be quite unsymmetrically distributed.
There is enough uncertainty on both
counts to limit the usefulness of the
simple calculation. It is possible that the
moon is gravitationally stable, even with
a liquid core. A careful analysis of the
paths around the moon followed by the
lunar orbiters will provide more data on
this point but will probably not resolve
the problem.

One can also calculate theoretical val-
ues for the moon’s internal temperature.
Although the calculations themselves are
straightforward, the results depend criti-
cally on the assumptions of the moon’s
initial temperature, its concentration of
radioactive material and its thermal con-
ductivity. If the initial temperature of
the moon is assumed to have been about
zero degrees centigrade, if the concen-
tration of radioactive material is approxi-
mately the same as it is in the stony
meteorites (which is less than the aver-
age for the earth’s crust) and if the
thermal conductivity is similar to the
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CAPTURE HYPOTHESIS assumes that the moon was originally a small planet in its own
orbit around the sun. The paths of the earth and the moon before capture are shown from
the side (a) and from above (b). The inclination of the two orbits, here exaggerated, was
about five degrees. Capture conceivably occurred at a time when the moon passed within
about 10 earth radii of the earth. The positions assigned to the earth and moon during this
close approach (b) are repeated in diagram c, which shows how the two bodies would
appear as viewed from the sun. To an observer on the earth, the moon would appear to
pass through the plane of the earth’s orbit at a steep angle (broken colored line). The dia-
grams on the opposite page show the hypothetical sequence of events if the moon were
indeed captured during this close approach. The viewpoint is from a position slightly to
the left of the sun and above the plane of the earth’s orbit. The moon would be pulled out
of its normal path (broken black line in 1) and would begin to circle the earth in a retro-
grade direction, that is, a clockwise direction as viewed from above. The capture may have
occurred approximately 1.75 billion years ago, when the earth’s axis may have been almost
parallel to the plane of the earth’s orbit. Following capture the moon would have rapidly
moved closer to the earth (2), reaching a minimum distance of 2.7 earth radii (3) within a
few million years. Tidal friction would then slow the earth’s spin rate and drive the moon
away, so that less than 10 million years after capture it would be about 25 earth radii from
the earth (4) and 50 million years later 30 earth radii (5). The firal diagram (6) shows
the present relation of the orbits of the earth and the moon. The length of the day in each
diagram corresponds to the actual length at the time. The diagrams follow calcula-
tions made by Gordon J. F. MacDonald of the University of California at Los Angeles.
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CRATER ALPHONSUS, shown in this enlarged portion of a photograph made with the
100-inch telescope on Mount Wilson, was the target of the last of the Ranger lunar vehicles,
Ranger IX. One reason for selecting Alphonsus as the target was to get a closer look at the
central peak to see if it showed any evidence of having been created by volcanic activity.

RANGER IX VIEW OF ALPHONSUS was made from an altitude of 258 miles as the space-
craft was plunging toward its target at 5,600 miles per hour. The circle shows where Ranger
IX hit the moon, having missed the aiming point by only three miles. Subsequent pictures
revealed no evidence that the central peak was volcanic in origin. However, the dark
“hales” around several small craters near the walls of Alphonsus itself (roughly at three
o’clock, five o’clock and nine o’clock) look as if they were produced by subsurface activity.
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conductivity of silicate rock, then the
temperature at the center of the moon
should have risen over a period of
three billion years to the point at which
iron would melt. If one assumption is
changed, namely if the initial tempera-
ture is set at 600 degrees C., then 1.5
billion years after the moon’s formation
iron would be melted at depths greater
than 300 miles. (The radius of the moon
is 1,080 miles.)

Another result of these temperature
calculations is an estimate of the internal
stress that would build up in the moon,
leading to moonquakes and possible sur-
face effects. If the moon is either expand-
ing or shrinking, it should carry the
marks of this adjustment on its surface,
and they should be easy to see. The cra-
ters of the moon are excellent reference
marks for finding evidence of lateral mo-
tion. No such evidence has been found.

The result of the temperature calcula-
tion described above is that the moon
should have expanded during the first
three billion years of its existence, but
should have stayed nearly the same size
for the past 1.5 billion years (assuming
that the moon is the same age as the
earth, about 4.5 billion years). Neverthe-
less, heat would still be generated in-
ternally, and internal stresses would still
build up and cause deep moonquakes.

If the moon had a much higher con-
centration of radioactivity than is found
in stony meteorites, a considerably great-
er degree of melting—not only of iron
but also of silicate rock—would have
taken place in its interior. The surface
would display the effects, showing ex-
tensive volcanism and other plutonic ac-
tivity. It is unlikely that under such
conditions many large impact craters
would remain. Instead the moon’s sur-
face would have been folded and warped
into extensive mountain ranges similar to
those on the earth. This conclusion pre-
sents a difficulty for the hot-moon theory.

Optical and Radio Measurements

Another source of information about
the moon’s surface is measurements of
optical and radio properties. For ex-
ample, the sunlight reflected from the
moon’s surface is polarized, and the de-
gree of polarization depends on the mi-
crostructure of the surface material.
Polarization measurements indicate that
at least the very top of the surface is
covered with a fine powder.

It has also been known for many
years that the moon reflects more sun-
light per unit area when it is full than it
does at other times. This measurement
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LUNAR TARGETS are identified in composite photograph of the
moon (above). White dots show impact points of three Ranger
spacecraft and the sites where Luna 9 and Surveyor I landed safely
on the surface. The large square at upper left outlines the region
shown on the cover of this issue of SciENTIFIC AMERICAN. The
large rectangle outlines the area containing the crater Tycho,
shown in the photograph on page 62. The areas labeled 4 and B
identify two regions that appear respectively in photographs made
by Orbiter 11 and Orbiter I; area B is on the far side of the moon.
The Orbiter photographs appear on pages 71 and 72. The close-up
of the lunar surface at the left was the last photograph taken by one
of the four telescopic cameras on Ranger IX. Made from an alti-
tude of .37 mile, it shows an area 253 feet across and 226 feet from
top to bottom. Craters as small as 18 inches in diameter are visible.
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implies that the moon’s surface is high-
ly porous or even filamentary in struc-
ture. When sunlight strikes such a sur-
face at an angle, the porosities make
tiny shadows that have the effect of
reducing the surface brightness. Only
when the source of light is nearly paral-
lel to the line of vision will these deep
areas be illuminated and the entire sur-
face appear brighter.

Measurements of the thermal radia-
tion emitted by the moon at both infra-
red and radio frequencies show that the
surface material is a good insulator and
has a low density; it is thus quite differ-

VIEW FROM LUNA 9, the first device to be landed successfully on
an extraterrestrial body, shows a rubble-strewn surface whose ap-
pearance is quite different from the one that can be seen in the

TERRESTRIAL CRATER, in a site resembling that in the Luna 9
pictures, was formed by drainage of material into an underground
cavity. The crater, on the slope of the Hawaiian volcano Laimana,
was photographed by Ewen Whittaker of the University of Arizona.
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ent from solid rock. The depth of materi-
al that contributes to these measure-
ments is roughly the same as the wave-
length of the radiation involved. At the
radio frequency used the measurements
indicate the structure down to an inch
or two below the surface. Radar mea-
surements involve longer wavelengths
and can probe still deeper into the
moon’s surface; such measurements also
indicate a porous, low-density material
down to a depth of one or two meters.
There are a few special areas on the
moon where the material, at least at
depths of more than an inch, seems dif-
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ferent from the rest. Some of these
areas can be clearly identified with
sharp-edged craters such as Tycho [see
illustration on page 62]. Approximately
95 percent of the surface, however, is
surprisingly uniform. It is apparently
covered to a depth of several feet with
material that is both porous and low in
density.

This kind of surface would appear to
favor the cold-moon hypothesis, but
advocates of the hot-moon hypothesis
have suggested that the fluffy surface
material may consist of ash flows and
deposits of cinders. Another proposal is

most detailed pictures taken by the Rangers. Luna 9 finally set to
rest the fears of some that a spacecraft might sink out of sight in a
bed of loose dust. Part of Luna 9 is visible at the lower right.

SIMULATED LUNAR SURFACE was created by Thomas Gold
and B. W. Hapke of Cornell University. To show that fine powders
can mimic the surface structure seen in Luna 9 pictures they threw
handfuls of portland cement into a bed of the same material.



that the surface may be a rock froth
formed when gas bubbled out of lava
in the vacuum that exists at the surface
of the moon.

One can see from the foregoing how
the notion gained currency that the
moon might be covered with a thick
layer of dust that would swallow up any
spacecraft that landed on the moon’s
surface. Students of the lunar surface
clearly understood, however, that moon
dust, if it was indeed there, would not
display the dustiness with which we are
familiar in everyday experience. In the
presence of an atmosphere the particles
of dust slide past each other easily,
lubricated by the thin layer of air be-
tween them. In the absence of an atmo-
sphere the particles stick together to
form a spongy structure that has been
compared to newly fallen wet snow.

The Ranger Pictures

One can imagine how eagerly the
proponents of the various lunar hy-
potheses awaited the pictures from the
Ranger spacecraft. They recognized, of
course, that resolving their disagree-
ments was not the primary objective of
the Ranger program. The failure of the
first of the camera-carrying Rangers,
Ranger VI, after a perfect flight to the
Sea of Tranquillity was a bitter disap-
pointment.

Then within a period of eight months
Ranger VII, Ranger VIII and Ranger
IX sent back a flood of excellent pho-
tographs showing surface features as
small as 18 inches in diameter [see bot-
tom illustration on page 67]. After the
original excitement had subsided it was
clear that the disagreements over the na-
ture of the lunar surface, and their im-
plications, remained unresolved. Those
who believed the lunar surface was cov-
ered with lava and ash continued to
think so after inspecting the Ranger pho-
tographs. Those who thought there was
no lava on the moon held to their belief.
And those who thought the moon was
covered with fragmented material, with
perhaps a few volcanoes here and there,
found nothing in the pictures to dis-
prove their ideas. As one lunar investi-
gator remarked: “The Ranger photo-
graphs are like a mirror in which each
one sees his own theories reflected back
at him.”

The difficulty was not in the Ranger
spacecraft or the photographs they re-
turned. The last three Rangers per-
formed perfectly, and the thousands of
pictures they transmitted revealed as
much detail as the camera designers

DEPRESSION IN LUNAR SURFACE was formed by a crushable block attached to one
of the three legs of Surveyor I, the second vehicle to land safely on the moon. This and
other pictures clearly show that the surface is made up of granules that tend to stick together.

MARKED CHANGE IN SURFACE OF LANDING FOOT, as yet unexplained, took place
during the 14-day lunar night between the time Surveyor I made the picture at the top of
the page and this one. First-day pictures showed the surface as smooth and glossy. In this
photograph it appears to have acquired a matte surface in which two crater pits are visible.
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ROCK-STREWN MOONSCAPE is depicted in this Surveyor I view looking toward the

northeast. The wall of the crater Flamsteed, about 12 miles away, appears on the horizon.

ROCKET CRATER at White Sands Proving Ground shows how rocklike lumps (instant
rocks) are produced when a high-speed projectile lands in unconsolidated sandy soil.

METEORITE CRATER IN ARABIA may provide another example of instant rocks. Nicho-
las M. Short of the University of Houston, who has examined them, believes they were
indeed produced by shock lithification. The crater, 97 meters in diameter, is the larger of
the al-Halida (Wabar) pair of craters in the Rub’ al-Khali desert of southeastern Arabia.
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had hoped for. The problem was simply
that, looking down on the moon’s sur-
face from above, it was impossible to
judge surface hardness or composition,
even from the close-ups. The Rangers
did, however, satisfy their primary ob-
jective. They demonstrated that there
were areas on the moon’s surface smooth
enough to permit the safe landing of
the manned Apollo spacecraft.

The next opportunity to determine
the nature of the moon’s surface came
with the successful landing of the Rus-
sian Luna 9 near the small crater Reiner
(toward the western side of the moon’s
face) on February 3 of last year. The
photographs from this spacecraft show
many details of the surface in its imme-
diate vicinity [see upper illustration on
page 68]. They reveal considerable
small-scale roughness, characterized by
undulations a few centimeters high that
may be the rims of tiny craters. On a
larger scale the surroundings look rather
smooth; one fairly big crater is visible
near the horizon and a few rocks are
scattered about. Nevertheless, there is
no way to tell from the Luna 9 pic-
tures, or from any other data provided
by the Russians from this flight, whether
the surface is hard rock or granular ma-
terial. One thing was certain: Luna 9 had
not sunk out of sight in a deep layer of
loose dust. Although this fact did not
solve any fundamental problems, it at
least alleviated the fears of some who
believed the moon’s surface might not be
able to support a load.

Once again those who believed the
surface was solid lava could point to
examples of terrestrial lava whose sur-
face characteristics were similar to those
photographed by Luna 9 [see illustration
at lower left on page 68]. Those who
believed the lunar surface was composed
of a fine granular material conducted
laboratory demonstrations in which pow-
dered rock (actually portland cement)
thrown into the same material closely
reproduced the surface texture shown in
the Luna 9 pictures [see illustration at
lower right on page 68].

The Surveyor Pictures

The next opportunity to examine the
lunar surface was to be the landing of
Surveyor I, designed to carry instru-
ments safely to the surface of the moon
and to send back pictures of its landing
site. On June 2 of last year Surveyor I
touched down safely inside the crater
Flamsteed. This site was selected for
two principal reasons. First, it allowed
a nearly vertical landing, which made



things easier for this first use of the
spacecraft’s soft-landing system. Second,
it was in one of the apparently smooth
areas marked out as a potential landing
site for the Apollo. The primary mission
for Surveyor, as for its Ranger predeces-
sors, was the scouting of potential land-

ing sites for the manned Apollo mission.

Surveyor’s television camera sent back
thousands of pictures of the surrounding
moonscape under a wide variety of light-
ing conditions as the lunar day (equiva-
lent to 14 terrestrial days) went through
its cycle into darkness. Another set of

pictures was taken during the next lunar
day. In some of these pictures one can
see details of the surface immediately
around two of Surveyor’s three landing
feet [see top illustration on page 69]
and also a bit of the surface under
the spacecraft’s hull where a shock-

LOW-LEVEL VIEW OF COPERNICUS, one of the larger lunar
craters, was made by Orbiter I in November. The sharply shad-

owed hills, located in the middle of the crater, are about 1,000 feet
high. The crater itself is about 60 miles across and two miles deep.

DETAIL OF COPERNICUS, enlarged from a region at the left of
the photograph above, shows evidence that material has moved
down the sides of the crater wall in glacier-like fashion. Propo-
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nents of the hot-moon theory believe the material was molten rock.
Other theorists believe it was something else that moved, perhaps
buried ice. The effect can be described generally as mass wasting.
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FAR SIDE OF MOON was photographed by Orbiter I. The two large craters show a number
of cracks, similar to those visible in the crater Alphonsus (see illustrations on page 66), that
strongly suggest subsurface activity. The smaller crater of the two is about 15 miles across.

absorbing block of metal had briefly
touched down. The message of these
pictures was that the surface material
was granular, at least to the depth pene-
trated by Surveyor’s structure.

As the second lunar day drew toward
evening, a photograph of the top of one
of the landing pads showed the surface
to be strangely mottled [see Dbottom illus-
tration on page 69]. The reason for this
appearance is a mystery. It may be
some kind of corrosion of the surface
resulting from temperature changes dur-
ing the day-night cycle, or perhaps a lay-
er of dust deposited on the surface by
some unknown process.

At first these photographs seemed to
present a serious blow to the hot-moon
hypothesis, but the proponents of a vol-
canic moon have no thought of sur-
rendering. They are willing to accept the
idea that bombardment by small mete-
orites has pulverized the surface of the
lava to some unknown but supposedly
small depth. Under the surface, they
predict, solid lava will be found. They
point to the many rocks in the Surveyor
photographs as evidence of some kind
of plutonic activity; one rock in particu-
lar—“Rock A”—was close enough to be
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photographed in remarkable detail [see
illustration on page 60].

Those who held to the dust theory
were naturally pleased at the granular
appearance of the surface, which coin-
cides with their prediction of the be-
havior of dust particles in a vacuum. The
many rocks strewn about the moonscape,
however, seemed to present as much of
a problem for them as the granular mate-
rial did for the lava proponents. Un-
daunted, they have come up with an
ingenious explanation: “instant rock.”

This refers to a type of rock made out
of powdery material by shock, in the
process called shock lithification. Such
lumps have been found at the sites where
rockets have crashed on the White Sands
Proving Ground [see middle illustration
on page 70] and have been produced
artificially by explosions in beds of
quartz. Recently Nicholas M. Short of
the University of Houston has tentatively
identified instant rocks around meteorite
craters in the Arabian desert [see bottom
illustration on page 70].

At least one explanation coincides
well with the Surveyor photographs. If
one carefully measures the sizes of par-
ticles and rocks in these pictures, one
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finds that the distribution is similar to
that resulting from any process that
breaks down large solid objects. Pre-
sumably, then, the particles on the lunar
surface have been produced by the kind
of breakdown that would result from
the impact of meteorites. This, how-
ever, does nothing to prove the exis-
tence or nonexistence of buried lava and
so cannot solve the problem of the
moon’s thermal history.

If Surveyor had carried the comple-
ment of instruments originally intended
for it, it could have performed a remote
chemical and mineralogical analysis of
the material. Unfortunately the launch-
ing rocket, the Atlas Centaur, did not
give the performance hoped for in the
early days of its development. As a result
some 200 pounds of equipment had to
be taken off Surveyor in order to get it to
the moon at all, and this lost equipment
represented all the scientific instruments
except a single camera. An earlier group
of three Rangers, all of which failed, car-
ried gamma ray spectrometers to mea-
sure the relative abundance of radioac-
tive potassium, uranium and thorium
and thus might have provided some
information on the chemical nature of
the moon’s surface. Such measurements
might have indicated whether the sur-
face material is similar to meteorites or
to the crust of the earth, since the rela-
tive abundance of potassium, uranium
and thorium is quite different for these
two classes of rock. Because of weight
restrictions gamma ray Spectrographs
were not carried on the final group of
Rangers that succeeded in photograph-
ing the moon’s surface.

The Orbiters

The Russian Luna 10, placed in orbit
around the moon in the spring of 1966,
carried as one of its family of instru-
ments a gamma ray spectrometer similar
to one designed for the early Rangers but
less sensitive. The Luna 10 instrument
indicated that the radioactivity of the
surface material was less than the radio-
activity typical of granite, which togeth-
er with basalt comprises the plutonic ma-
terial of the earth’s crust. Because of the
high level of background radiation it
was not possible to determine how much
less radioactivity there was. Although
the instrument had a 32-channel analyz-
er for the purpose of detecting individ-
ual spectrum lines of gamma radiation,
no lines characteristic of the three critical
elements could be seen in the data. The
general radiation level detected appears
to exclude granite but not basalt, which
is less radioactive. If the detected radia-
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You still find some places
around that don’t use our wire

and cable.

But they’re pretty rare. Because at
ITT we make wire and cable for liter-
ally thousands of uses— everything
from your pop-up toaster to the Air
Force’s 2000-mile-an-hour experi-
mental jet bomber, the XB-70A.

We even make wire for things that
have never been wired before—like
America’s moon-bound Apollo space-

craft. Apollo needed wire that could
withstand the incredible extremes of
heat and cold. So we developed it.

And that’s how it was with com-
munity antenna television: to give a
better picture, we developed an ultra-
distortion-free coaxial cable.

In all, our Wire and Cable Division
makes over 23,000 different kinds of
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wire and cable. And each fills a spe-
cial need whether it’s in a high-flying
jet, a moon-bound space vehicle, a
factory, or your home.

One of the reasons you take elec-
tricity for granted is because, at ITT,
we don't.

International Telephone and Tele-
graph Corporation, New York, N.Y.
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1s Tom Vickers

& Linda Howard
analyzing

a mission to Mars

If it’s deep space or inner space
...rapid transit or intensive med-
ical care...these are the kinds of
problems we work daily at TRW.

Tom and Linda are Programmer/
Analysts at TRW Systems Group,
where they’ve made Computer Science
a career. At TRW we design and build
major space systems, are involved in
undersea defense, civil systems, com-
munications by satellite and many,
many more challenging projects.

To support this activity, we need engi-
neers and scientists. People who are
thinkers, innovators, planners and
problem solvers. If this is you, drop a
line (and a resume) today to James
G. Lacy, Dept. GG-3, TRW Systems
Group, One Space Park, Redondo
Beach, California 90278. TRW is an
equal opportunity employer m/f.

We need men and women in:

Systems Engineering / Computer Sci-
ences [/ Materiel / Analytical Research
/ Propulsion / Chemistry / Aerosci-
ences / Information Systems / Com-
munications / Digital Systems /
Electronic Warfare / Product Engi-
neering / Product Support & Logistics
| Aerospace Ground Equipment /
Guidance Control & Sensor Systems
/ Microelectronics / Manufacturing
Engineering / Electric Power / Admin-
istration / Space Vehicle Design /
Mechanical Engineering / Product
Assurance / Integration & Test.

TRW
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tion is mostly background radiation, then
material with still less radioactivity, such
as meteoritic rock, is also not excluded.

A few months after Luna 10 had been
placed in orbit around the moon the U.S.
succeeded in doing the same with Or-
biter 1. The spacecraft spent several
weeks circling the moon and making de-
tailed photographs of a number of areas,
concentrating on those considered most
likely to be Apollo landing sites. These
photographs were taken on film and then
relayed to the earth with the help of a
scanning system that operated for sever-
al weeks after the actual photographic
mission was finished.

The photographs are remarkable in
their detail. Most of the areas appear
quite similar to those photographed by
the Rangers and Surveyor: more or less
level areas with a scattering of craters of
all sizes. A few areas are more rugged,
and some craters appearing in photo-
graphs of the far side of the moon have
floors crisscrossed by rills, or cracks,
strongly suggestive of subsurface activ-
ity [see illustration on page 72]. The
rills are similar to those Ranger IX pho-
tographed on the floor of the crater Al-
phonsus. These pictures are welcomed
by those who believe extensive lava for-
mations lie just below the moon’s sur-
face. On the other hand, the cold-moon
advocates are not to be shaken; they
have suggested that the rills have re-
sulted from the slow movement of a
buried ice layer.

Several of the pictures made by Orbit-
er I and a few months later by Orbiter 11
provide strong indications that material
has moved down the sides of craters [see
illustrations on page 71]. Eugene M.
Shoemaker of the U.S. Geological Sur-
vey has called attention to many such
examples as clear evidence of “mass
wasting,” a term used to describe the re-
distribution of material from high places
to lower ones. This is a typical erosion
process on the earth, and it is not sur-
prising to find it on the moon. The lunar
erosion processes must be quite differ-
ent, however, since there is neither air
nor water on the surface of the moon.

Luna 13, the second Soviet moon-
lander, sent back pictures much like
those taken by its predecessor, Luna 9,
but it carried some additional equip-
ment. A probe to test surface hardness
verified conclusions based on the photo-
graphs of Surveyor I's footprints. A den-
sity-measuring device reported that the
surface material has a density of about
one gram per cubic centimeter, accord-
ing to preliminary reports. This checks
well with the radar measurements made

- from the earth.
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The Orbiters, like Surveyor and the
Rangers, have done an excellent job with
their primary task—to pave the way for
Apollo. The determination of the nature
of the moon’s surface material and the
implications of this information for the
understanding of the origin and history
of the moon must now wait until some-
thing more than photographic data is
available. Two types of instrument are
the best candidates for providing pre-
liminary data. One type would be an im-
proved version of the gamma ray spec-
trometer carried by the early Rangers.
It is possible that such a device will be
carried on one or more of the remaining
Orbiters.

Later Surveyors may be able to carry
added equipment, and one instrument
high on the list of possibilities is an al-
pha ray spectrometer. This device carries
an emitter and detector of alpha rays.
It conducts a chemical analysis of the
material around it by measuring the mo-
mentum of the alpha particles that come
bouncing back to the detector after inter-
acting with the nuclei of nearby atoms.

Future Investigations

Most investigators concerned with lu-
nar exploration feel that even if these
comparatively simple instruments are
used and work to perfection, they can
supply no more than preliminary data.
The problem of establishing the moon’s
nature and history will be a long, hard
job that will involve many flights of both
manned and unmanned spacecraft.
Some crucial investigations, such as the
dating of samples by isotope analysis,
will undoubtedly require the return
of samples to earth-based laboratories.
Eventually the moon’s subsurface struc-
ture must be probed by seismometers
and geophones, gravimeters and drills.

It was the prospect of a long and com-
plex exploratory program that lay behind
the decisions to concentrate on photo-
graphic missions during the early phase
of the program. It was recognized that
the cameras of the Rangers, Surveyors
and Orbiters would probably not resolve
any problems about the chemical consti-
tution of the moon’s surface material. It
was also recognized that a thorough un-
derstanding of the nature and history of
the moon would require considerably
more information than could be returned
from a few automatic spacecraft, regard-
less of what instruments they carried.
After all, we are asking questions about
the origin and history of the moon that
we have yet to answer about the earth,
where the task of investigation is consid-

erably simpler.
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STEEL RESEARCH AIDS
PRODUCT DESIGN

Special division makes Youngstown’s complete research facilities
available to the steel customer. It gives direct assistance in the
design and methods of using steel in the customer’s products.

by R. H. Frazier, Manager, Research Services

ormally, research for the steel
industry has two purposes:

(1) To develop new proc-

esses within the mills or to im-

prove existing processes. For example,

research in this area has led to a 50%

rise in blast furnace iron production in

the past ten years, and a 30% reduc-

tion in coke consumed per ton of iron

production. Quality has risen, too. And

all this effort has helped maintain

stable, nominally low prices for iron

and steel.

(2) To develop new steel products
to meet more sophisticated require-
ments in both old and new markets.
For example, new petroleum drill pipe
with vield strength of more than
100,000 psi has been developed and
proven. Increased depth of newer wells
has seen pipe used at higher stresses,
thus increasing the chance of corro-
sion fatigue. And the yield strength
level is being increased to 135,000 psi
and 150,000 psi with the expectation
of equally good performance.

But at The Youngstown Sheet and
Tube Company, research has a third
distinct purpose — perhaps the most
important one of all: to be of direct
assistance to the customer.

Youngstown Steel has organized a
separate division of the Research De-
partment for the specific purpose of
providing customer assistance. This di-
vision makes available to the customer
the complete services of the Youngs-
town Research facility, not just a part.

A typical example of this service
concerned the redesign of a water tank.
A customer was manufacturing low-
pressure water tanks by welding two
drawn heads to a roll-formed body
section with a welded side seam. The
entire assembly was galvanized by
dipping the tank into molten zinc.

The manufacturer decided to try
simplifying construction by making
two deep drawn sections from galva-
nized steel sheets and joining two sec-
tions with one circumferential weld.

Youngstown’s design team played a
major role in designing the tank, calcu-
lated the size and thickness of the re-
quired blank and assured a satisfactory
and economical solution. Many thou-

sands of the redesigned tanks have
been made, and the customer is get-
ting ready to make another tank, new-
ly designed with aid from Youngstown.

If desired, Youngstown researchers
make studies to suggest ways to im-
prove the product’s appearance as well
as its function. And it is noteworthy
that a customer’s size and the size of
his problems do not necessarily cor-
relate. All companies, large or small,
are served on an equal basis.

While remaining in close contact
with the customer to insure that all
possible assistance is always available,
great care is also taken to guard against
intrusion. In many cases only the cus-
tomer himself knows what design
characteristics best fit his entire prod-
uct line. In still other cases, absolute
styling secrecy is imperative. The rule
is this: Youngstown research facilities
are ready when needed. Proof testing
or prototype copies of the product are
perhaps the best methods of exactly
determining the customer’s needs.

At the other end of the problem,
Youngstown must supply information
that can help the customer realize the
right forming and fabricating method.

Youngstown [} Steel

THE YOUNGSTOWN SHEET AND TUBE COMPANY - YOUNGSTOWN, OHIO 44501
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New methods of forming, such as
stretch forming, electromagnetic form-
ing, explosive forming and combina-
tions of cold extrusion and cold head-
ing are being used with increased
efficiency. Fabrication of a steel prod-
uct by using new joining methods,
such as plasma arc, laser beam, ultra-
sonic and friction welding, can im-
prove quality and cut cost. Assistance
to the customer in the development
and application of fabricating methods
is given wherever possible.

Another important factor in deter-
mining whether or not a product can
be produced profitably from steel is
material handling. Increasing labor
costs make it imperative to handle
material mechanically. Using steel’s
magnetic properties can help reduce
handling costs. The steel manufacturer
does it in his own plant to transfer
large tonnages of steel. The steel user
has employed magnetic methods in
some of his handling problems, but
further economies can often be worked
out. Helping improve material han-
dling methods is just one of the Re-
search Services Division’s function.

Value Analysis, a method of deter-
mining the total cost of putting a
product on the market, is used by
Youngstown to help the customer re-
duce overall costs. For often most of
the cost of a finished product is con-
tained, not in the raw material, but in
the many processes along the line.

Youngstown Steel’s Research Ser-
vices Division is dedicated to establish-
ing a cooperative effort with the cus-
tomer to maintain a complete ex-
change of all information helpful in
building product quality and efficiency.
Its benefits include assistance from
Youngstown’s Operating and Sales De-
partments as well.

This article gives a glimpse of what’s
happening in steel research at Youngs-
town. It’s just a part of the continuing
research effort going on 24 hours a
day at Youngstown’s research center.

Since the customer’s need inspires
virtually all of our research, all of our
knowledge is available to serve him.

Call it you believe our research staff
can help you, or write Dept. 251D6.
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Our inscrutable film pack:
8 parts chemistry,
one part origami.

There’s a lot inside our film pack besides 8 on-the-spot pictures. You’ll find steel,
copper, lead, plastic, and ten different kinds of paper that stretch out over 9 feet
before it’s all folded into place.

When you buy it, the film pack is a 50-layer sandwich, assembled to tolerances
usually reserved for guided missiles. When we made it, the tricky part was folding
and interleaving the layers so they would maintain those tolerances in several rel-
ative positions. But we did it.

The film pack has some distinct advantages over other films: It’s easy to load. Just
drop a pack—either black & white or color—into any Polaroid Color
Pack Camera or the versatile Pack Camera Back. (The latter at-
taches to oscilloscopes, microscopes, polariscopes, and many similar
instruments to give you graphic records on the spot.)

As with all Polaroid Land films, you get consistently fine developing
because each exposure has its own pod of fresh chemicals to work
with,

And the film pack has one big advantage over our roll films. You
don’t have to wait between shots. The pictures develop outside the
camera so you can photograph transient phenomena as fast as you
can pull the tabs.

Or, if you’ll pardon the switch from one Japanese
art form to another:

Lovely photograph,
essence of rainbow color,
quickly like a bird.

Polaroid Corporation

CAMBRIDGE, MASSACHUSETTS

poLaROID®
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BEHAVIORAL PSYCHOTHERAPY

Abnormal behavior can be thought of not as a symptom of a hidden

illness but as a problem of “social learning,” and can be treated

directly by methods that are derived from principles of learning

n recent years there has been a funda-
I mental departure from conventional

views regarding the nature, causes
and treatment of psychological disorders.
Most theories of maladaptive behavior
are based on the disease concept, ac-
cording to which abnormalities in be-
havior are considered to be symptoms of
an underlying neurosis or psychic illness.
Today many psychotherapists are ad-
vancing the view that behavior that is
harmful to the individual or departs
widely from accepted social and ethical
norms should be viewed not as some
kind of disease but as a way—which the
person has learned—of coping with en-
vironmental demands. Treatment then
becomes a problem in “social learning.”
The abnormal behavior can be dealt
with directly, and in seeking to modify
it the therapist can call on principles of
learning that are based on experimenta-
tion and are subject to testing and verifi-
cation.

The concepts of symptom and disease
are quite appropriate in physical disor-
ders. Changes in tissues or in their func-
tioning do in fact occur, and they can be
verified whether or not there are exter-
nal manifestations. Where psychological
problems are concerned, however, anal-
ogy with physical disease can be mis-
leading. The psychic conditions that are
assumed to underlie behavioral malfunc-
tioning are merely abstractions from the
behavior that are given substance and
often endowed with powerful motivat-
ing properties. Each of the many con-
ventional theories of psychopathology
has its own favored set of hypothetical
internal agents. Psychotherapists of dif-
fering theoretical background and affilia-
tion tend to find evidence for their own
preferred psychodynamic agents but not
for those cited by other schools. Freud-
ians unearth Oedipus complexes, Ad-
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by Albert Bandura

lerians discover inferiority feelings with
compensatory power-strivings, Rogeri-
ans find inappropriate self-concepts and
existentialists are likely to diagnose ex-
istential crises and anxieties.

A correlate of the disease approach is
the assumption that in order to gain
lasting benefits from psychotherapy the
client must achieve awareness of the
concealed forces causing his actions, and
the development of this insight is usually
one of the primary goals of conventional
therapy. A study of the results of psy-
chotherapy made by Ralph W. Heine at
the University of Chicago School of
Medicine suggested, however, that a cli-
ent’s insights and emergent “uncon-
scious” could be predicted more accu-
rately from knowledge of his therapist’s
theoretical system than from the client’s
actual developmental history. It would
seem from this finding and others that
insight may primarily represent a con-
version to the therapist’s point of view
rather than a process of self-discovery.
It is therefore not surprising that insight
can be achieved without any real effect
on the difficulties for which the patient
originally sought help. A chronic stutter-
er converted to Freudianism or Jungian-
ism—or to any other theoretical system—
will not necessarily begin to speak flu-
ently. His stuttering behavior is more
likely to be eliminated by the neces-
sary relearning experiences than by
the gradual discovery of predetermined
insights.

Stuttering is a well-defined motor be-
havior, but I should make it clear that
what are called behavioral therapies ap-
ply to the full range of psychological
events: attitudinal and emotional as well
as motor. Some forms of behavioral ther-
apy bring about major changes in peo-
ple’s actions by modifying their emo-
tional responses; on the other hand,
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enduring changes in attitude can be most
successfully effected through modifica-
tions in overt behavior. In the final anal-
ysis all modes of psychotherapy are be-
havioral, since the client’s behavior—
broadly defined to include conceptual,
emotional and motor expression—is the
only reality the psychotherapist can deal
with and modify. Indeed, while conven-
tional therapists are promoting insights,
they may simultaneously (if inadvertent-
ly) reward desirable patterns of behavior
and show disapproval of abnormal be-
havior; they may reduce anxieties
through their supportive reactions to a
client’s statements; they exhibit attitudes,
values and patterns of behavior that a
client is inclined to emulate. Many of the
therapeutic changes that occur in con-
ventional psychotherapy may therefore
arise primarily from the unwitting appli-
cation of social-learning principles. The
point is that these beneficial results can
be obtained more readily when the prin-
ciples are applied in a more considered
and systematic way. I shall describe a
number of different approaches to treat-
ment based on learning principles and
review some studies, many of them con-
trolled investigations, in which such pro-
cedures have been tested.

In our research at Stanford University

we have found that almost any learn-
ing outcome that results from direct ex-
perience can also come about on a vi-
carious basis through observation of
other people’s behavior and its conse-
quences for them. Indeed, providing an
appropriate “model” may accelerate the
learning process, and one method of
social-learning therapy is therefore based
on modeling the desired behavior. This
is particularly suitable in the treatment
of gross deficits in behavior, as in the
case of a child (usually diagnosed as



PRINCIPLES OF LEARNING are utilized in the simple course of When the original reinforcement is resumed as a check on the

therapy suggested by these drawings. An extremely withdrawn pre- treatment, he reverts to his former behavior (c). Then the therapeu-
kindergarten boy whose solitary play is usually “reinforced” by the tic reinforcement is reinstituted and the desired behavior is well
teacher’s solicitude (a) is instead rewarded for joining a group by established (d). In time the child’s enjoyment of his new behavior
the teacher’s devoting her full attention to him and the group (b). maintains his sociable interaction without special attention (e).

79

© 1967 SCIENTIFIC AMERICAN, INC



APPROACH SCORES

BEFORE TREATMENT

AFTER TREATMENT

FOLLOW UP

FEAR OF DOGS, as measured by an “approach score,” abated most for children who
watched displays in which “models” played with dogs in a party atmosphere (solid black
curve) or in a neutral context (solid gray). The change was less for children who were
merely in the party atmosphere (broken black) or who saw no child models (broken gray).

schizophrenic or autistic) who does not
speak, interact with other people or even
respond to their presence.

O. Ivar Lovaas of the University of
California at Los Angeles has recently
devised modeling procedures that hold
promise of developing the intellectual
and interpersonal capabilities of schizo-
phrenic children. In teaching a mute
child to talk, for example, the therapist
first rewards any visual attentiveness and
even random sounds made by the child.
When vocalization has been increased,
the rewards are limited to occasions on
which sounds are made in response to
a sound uttered by the therapist, and
then to precise verbal reproduction of
specific sounds, words and phrases mod-
eled by the therapist. When the child
has acquired a vocabulary and can imi-
tate new words easily, the therapist goes
on to teach the meaning of words, gram-
matical structure and even abstract ver-
bal concepts by the modeling proce-
dures. Lovaas has also taught schizo-
phrenic children a variety of skills and
social patterns of behavior by modeling
the desired behavior and rewarding the
child when he emulates it. The most im-
pressive thing about this form of treat-
ment is that it can be conducted under
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the supervision of nurses, students and
parents, to whom the methods are easily
taught.

In a very different application of mod-
eling principles, George A. Kelly of
Brandeis University conceived a role-
enactment form of therapy for adults
who want to develop new personality
characteristics. The client is provided
with a personality sketch and given dem-
onstrations of the desired behavior; he
then has opportunities to practice the
new patterns in a protected therapeutic
situation before being encouraged to
apply them as he goes about his every-
day life.

Often therapists, instead of having to
fill a behavioral vacuum, have the prob-
lem of eliminating strongly established
abnormal behavior. In an early study at
the University of Iowa, Gertrude E.
Chittenden tested the efficacy of a sym-
bolic modeling procedure for dealing
with children’s hyperaggressive reac-
tions to frustration. It has been widely
assumed that either witnessing or par-
ticipating in aggressive behavior serves
to reduce, at least temporarily, the in-
cidence of such behavior. The overall
evidence from studies conducted in our
laboratory and elsewhere strongly indi-

© 1967 SCIENTIFIC AMERICAN, INC

cates that psychotherapies employing
these conventional “cathartic” proce-
dures may actually be increasing aggres-
sive tendencies rather than reducing
them. In contrast, therapy based on
social-learning principles concentrates
at the outset on developing constructive
alternative modes of behavior. Chitten-
den had domineering and hyperaggres-
sive children watch a series of scenes in
which dolls representing preschool chil-
dren exhibited first aggressive reactions
to common frustrating situations and
then cooperative reactions; the conse-
quences of the aggressive reactions were
shown as being unpleasant and those of
the cooperative ones as being rewarding.
Children for whom the different reac-
tions and consequences were modeled
showed a lasting decrease in aggressive,
domineering behavior compared with a
group of similarly hyperaggressive chil-
dren who received no treatment.

We have found that phobias and inhi-
bitions can be eliminated by having the
tearful person observe a graduated se-
quence of modeled activities beginning
with presentations that are easily toler-
ated. In a controlled test of this therapy,
nursery school children who were afraid
of dogs (according to their parents’
statements and tests of “dog avoidance”
behavior) were assigned to one of four
groups. Children in the first group par-
ticipated in eight brief sessions in which
they watched a child without fear inter-
act more and more closely with a dog—
approaching it, playing with it, petting
it and so on—with the entire procedure
taking place in a “positive” party setting
designed to counteract anxiety reactions.
The second group saw the same se-
quence but in a neutral context. In or-
der for us to assess the eftects of exposure
to the dog alone the third group saw the
dog in a party setting but without the
child model; the fourth joined the party
activities but was not exposed to either
the model or the dog.

The tests for avoidance behavior were
readministered after the completion of
treatment and again a month later. The
tests were quite severe, requiring the
child not only to touch, pet and walk a
dog but also to remain alone in a room
with it, to hand-feed it and finally to
climb into a playpen with the animal.
The test scores showed that most of the
children who had received the modeling
treatment had essentially lost their fear
of dogs [see illustration on this page].
The favorable results were largely con-
firmed by a second experiment in which
the same modeled behavior was pre-
sented to some children in filmed per-



formances while children in a control
group watched a different motion pic-
ture. Finally the control children, whose
fear of dogs had remained unchanged,
were shown the therapeutic movies, after
which their fear was in turn substantial-
ly diminished. One of the obvious ad-
vantages of the modeling technique in
psychotherapy is that it lends itself to
the treatment of groups of people. More-
over, the success of the filmed version of
the modeling suggests that it may be
possible to develop therapeutic films to
be used in preventive programs directed
against certain common fears and anx-
ieties before they became strongly es-

tablished.

"I here is increasing evidence that be-

havior commonly attributed to inter-
nal psychic conditions is in fact largely
regulated by its own external, environ-
mental consequences. Positive reinforce-
ment—the modification of behavior
through alteration of its rewarding out-
comes—is therefore an important pro-
cedure in behavioral therapy. The tech-
niques are those of operant conditioning,
which was developed largely by B. F.
Skinner and his colleagues at Harvard
University.

Three elements are necessary to the
proper implementation of operant con-
ditioning in psychotherapy. The first is
that the reinforcement, or incentive, sys-
tem must be capable of maintaining the
client’s motivation and responsiveness;
the system can involve tangible rewards,
opportunities to engage in enjoyable ac-
tivities, praise and attention or the satis-
faction of a job well done. The second is
that the reinforcement must be made
conditional on the occurrence of the de-
sired behavior, correctly timed and ap-
plied on a regular basis. The third is that
there must be a dependable way to elicit
the desired behavior either by demon-
strating it or by rewarding small im-
provements in the direction of more
complex forms of behavior.

The application of these elements is
illustrated by a case reported by Arthur
W. Staats, then at Arizona State Univer-
sity, and William H. Butterfield. They
treated a 14-year-old delinquent boy
who, in addition to having a long history
of aggressive, destructive behavior, had
never received a passing grade in eight
and a half years of school and who read
at the second-grade level. He was con-
sidered to be uneducable, incorrigible
and mentally retarded.

The therapists undertook to teach him
to read—first single words, then sen-
tences and finally brief stories. For each

word the boy learned he received points
that he saved and “exchanged” for pho-
nograph records and other things he
wanted or for sums of money. In four
and a half months he made notable ad-
vances in reading-test scores [see illus-
tration below]. Moreover, the brief
treatment program produced general-
ized educational and psychological ef-
fects: he received passing grades in all
his subjects for the first time and his ag-
gressively defiant behavior ceased. The
entire program, which was administered
by a probation officer, involved a total
expenditure of $20.31 for the exchange
items!

The effectiveness of operant condi-
tioning was demonstrated most con-
vincingly by Florence R. Harris, Mont-
rose M. Wolf and Donald M. Baer at the
University of Washington. In their meth-
od grossly abnormal behavior in children
is successively eliminated, reinstated and
eliminated again by varying its social
consequences.

First the psychologists observe the
child in question to note the frequency
of the behavior disorder, the context in
which it occurs and the reaction of the
teacher. In one case an extremely with-
drawn little boy in nursery school spent
about 80 percent of the time in solitary
activities. Observation revealed that the
teacher unwittingly “reinforced” his soli-
tary behavior by paying a great deal of
attention to him, consoling him and en-
couraging him to play with the other
children. When he did happen to join the
others, the teacher took no particular
notice.

READING LEVEL

In the second phase of the program a
new set of reinforcement practices is
substituted. In the case of the solitary
little boy, for example, the teacher
stopped rewarding solitary play with
attention and support. Instead, when-
ever the child sought out other children,
the teacher immediately joined the
group and gave it her full attention. Soon
the boy was spending about 60 percent
of his time playing with the other chil-
dren.

After the desired change in behavior
has been produced, the original rein-
forcement practices are reinstated to de-
termine if the original behavior was in
fact maintained by its social conse-
quences. In this third stage, for exam-
ple, the teacher again paid no attention
to the child’s sociability but instead re-
sponded with comforting ministrations
and concern whenever he was alone. The
effect of this traditional “mental hy-
giene” treatment was to increase the
child’s withdrawal to the original high
level.

Finally the therapeutic activity is re-
introduced, the abnormal behavior is
eliminated and the desired behavior pat-
tern is generously reinforced until it is
well enough established to be main-
tained by its own implicit satisfactions.
Once the little boy was again playing
with other children the teacher was able
to reduce her direct involvement with
the group; the child derived increasing
enjoyment from his new behavior pat-
tern and eventually maintained it with-
out any special attention.

Children with a wide variety of be-

5 6 7 8 9
YEARS OF SCHOOL

DELINQUENT ADOLESCENT BOY was reading at the second-grade level after more
than eight yearsin school. In half a year of therapy his reading level had more than doubled.
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havior disorders have participated in
this form of treatment, and in each case
their maladaptive behavior was elimi-
nated, reinstated and removed a second
time by alterations in the teacher’s “social
responsiveness.” Clearly child-rearing
and therapeutic practices should be
evaluated carefully in terms of the ef-
fects they have on their recipients rather
than in terms of the humanitarian intent
of teachers or psychotherapists.

Certain  widespread psychological
problems must be treated primarily at
the social rather than the individual
level. By altering the reinforcement con-
tingencies of a social group it may be
possible to affect the behavior of each
member in beneficial ways, whereas
working with individuals would yield
trifling results. Recently incentive pro-
grams have been applied on a group
basis in psychiatric hospitals and in in-
stitutions for retarded children and for
delinquent adolescents. Operant condi-
tioning therapies have, for example, re-
stored some social competence and self-
reliance in severely impaired psychiatric
patients. The traditional hospital routine
tends to reinforce docile behavior and
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IMPROVEMENT in the behavior of the withdrawn child (see
illustration on page 79) is indicated by the increasing time spent
in social interaction. Before treatment began and during the time
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dependence; the therapy rewards self-
sufficiency, social relations and progress
in vocational training. At the Anna State
Hospital in Illinois, Teodoro Ayllon and
Nathan H. Azrin found that psychotic
patients would work productively in the
rehabilitation program if activities and
material comforts they wanted were
made dependent on the completion of
their assignments; the patients quickly
lapsed into their customary lethargy
when the incentives were discontinued
and the privileges were made available
routinely as before [see illustration on
page 84].

There is an obverse side to the posi-
tive-reinforcement method. Abnormal
behavior that persists because it leads to
rewarding outcomes can often be elimi-
nated simply by withholding the usual
positive reinforcement. Tantrums, hy-
peraggressive behavior, chronic eating
problems, psychosomatic and hypochon-
driacal complaints, psychotic talk and
even the bizarre behavior of autistic
children have been found to abate grad-
ually when the solicitous concern they
usually evoke is not forthcoming. This
process is greatly facilitated if alterna-

VACATION

DAY
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tive behavior patterns are rewarded at
the same time.

third major category of therapeutic
. methods derived from learning the-
ory is based on the principle of “counter-
conditioning.” These methods are appro-
priate for treating the conditions most
frequently seen in a conventional inter-
view-therapy practice: anxiety reactions,
chronic tensions, inhibitions, phobias
and psychosomatic reactions. The objec-
tive in counterconditioning is to induce
strong positive responses in the presence
of stimuli that ordinarily arouse fear or
other unfavorable reactions in the cli-
ent. As positive responses are repeatedly
associated with the threatening events,
the anxiety is gradually eliminated. Al-
though psychotherapeutic applications
of this principle were reported by Mary
Cover Jones as long ago as 1924, the
approach received little attention until
some 30 years later, when Joseph Wolpe,
now at the Temple University School of
Medicine, worked out procedures that
increased the range of disorders subject
to treatment by counterconditioning.
In Wolpe’s “desensitization” method

L
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when his solitary play was rewarded with attention he was usually
alone (light colored areas), but he played with others when such
behavior was reinforced by the teacher’s responses (dark areas).
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The spectacular moon shot above,
hailed as the “photo of the century,”
was taken by NASA’s Boeing-built
Lunar Orbiter II.

Orbiter took the picture while flying
28.4 miles above the lunar surface.
The view shows a 17-mile wide section
of Copernicus, with 1000-foot moun-
tains rising from the crater floor.
Photo analysts have found evidence
of erosion, quakes and volcanic-type
activity in the picture.

Another landmark Orbiter photo, left,
shows the crater Marius along with
an array of lunar domes, two to 10
miles in diameter, and 1,000 to 1,500
feet high. The domes, pictured for the
first time in detail, confirm the fact
the moon has had a long and com-
plicated history of volcanic activity.

At left, below, is a view of one of 13
potential landing sites photographed
by Orbiter II. Orbiter’s photo recon-
naissance, producing startlingly de-
tailed views, will help NASA select
the best landing sites for America’s
Apollo astronauts.

Boeing scientists and engineers, with
NASA personnel, controlled the
Lunar Orbiter flights. NASA’s Lang-
ley Research Center manages the
Lunar Orbiter program.

© 1967 SCIENTIFIC AMERICAN, INC

Lunar Orbiter,
designed
and built for

NASA
by Boeing
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PARTICIPATION in rehabilitation activities increased for a group
of 44 schizophrenic patients when privileges were made condi-
tional on their successful completion of assignments (dark colored

the therapist—working with information
obtained from interviews and psycho-
logical tests—first constructs a “hier-
archy,” or ranked list, of situations to
which the client reacts with increasing
degrees of anxiety (or avoidance or in-
hibition, as the case may be). Then the
therapist induces in the client a state of
deep muscular relaxation—a state incom-
patible with anxiety—and asks the client
to visualize the weakest item in the hier-
archy of anxiety-arousing stimuli. If any
tension results, the client is told to stop
imagining the threatening situation and
the relaxation process is resumed; if the
relaxation remains unimpaired in the im-
agined presence of the stimulus, the pa-
tient is presented with the next item
in the hierarchy. So it goes throughout
the graduated series, with the intensity
of the disturbing situations being in-
creased from session to session until the
most threatening situations have been
completely neutralized.

Favorable clinical reports on counter-
conditioning have recently been borne
out by a number of experimental studies
in which changes in behavior were as-
sessed objectively. Arnold A. Lazarus,
now at Temple University, evaluated
clients afflicted with acrophobia (fear of
heights), claustrophobia or impotence
after they had been treated either by
conventional group psychotherapy or by
group desensitization. Of the 18 clients
treated by desensitization, 13 completely
recovered from their phobias. The con-
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ventional treatment was successful in
only two out of 17 cases, and of the 15
people whose phobias were essentially
unmodified 10 were thereupon treated
successfully by group desensitization. A
follow-up study indicated that 80 per-
cent of the clients for whom desensitiza-
tion had been successful maintained their
recovery as measured by a stringent
criterion: the recurrence of even weak
phobic responses was rated as a failure.

At the University of Illinois, Gordon
L. Paul studied the relative eflicacy of
counterconditioning and conventional
methods in treating college students who
suffered from extreme anxiety about
public speaking. One group received in-
terview therapy intended to produce in-
sight. A second group underwent desen-
sitization treatments in which relaxation
was associated with imagined public-
speaking situations of a progressively
more threatening nature. A third group
was given a form of placebo treatment,
and a control group had no treatment at
all.

After six weeks the students’ response
to a stressful public-speaking test was
evaluated according to three sets of cri-
teria: their own reports as to just how
disturbed they felt, physiological indica-
tors of anxiety and an objective judg-
ment of the extent to which their speak-
ing behavior was disrupted. Students in
all three of the treatinent conditions
showed less behavior indicative of anx-
iety, and reported less distress, than the
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areas), and decreased when the same rewards were provided wheth-
er or not they took part in the activities (light area). The colored
spots indicate the total number of hours of participation each day.

untreated control group. Only the stu-
dents in the counterconditioned group
achieved a significant reduction in physi-
ological arousal compared with the con-
trols, however. In each case the coun-
terconditioned group showed greater
improvement than the insight group and
the placebo group, which did not differ
significantly from each other [see illus-
tration on page 86]. In a follow-up pe-
riod the counterconditioned students re-
ported experiencing less anxiety about
speaking than the other three groups.
An interesting aspect of this study was
that the therapists, who in their regular
practice favored insight-directed meth-
ods, rated the students treated by de-
sensitization as most improved and also
indicated a better prognosis for them. A
subsequent study by Paul and Donald
Shannon indicated that desensitization
administered on a group basis can be
similarly effective in eliminating dis-
abling anxieties.

A number of current investigations are
directed at identifying the specific com-
ponents of counterconditioning therapy
that account for its success. In these ex-
periments Gerald C. Davison and Earl
D. Schubot of Stanford and Peter ]J.
Lang of the University of Wisconsin
devise treatment procedures with well-
defined differences and then make ob-
jective measurements of behavioral
changes. The preliminary results of their
studies suggest that the critical factor is
the close association of relaxation with



Buy the Mercedes-Benz 2508 and spend
your $6400 on engineering, not status—
you ll sleep better at night.

Owning the Mercedes-Benz 250S
will be a tribute to your good sense,
not your ego.

You canreasonably expect to keep
this car until it has more than repaid
its cost by years of faithful service.
Your investment won’t be eroded by
annual face-lifts, slapdash construc-
tion or cheap materials.

Built for the long haul

You pay for superior engineering
when you buy the 250S.

For instance, 16 selected gauges
of sheet metal help form the 250S
“unit” body. It is welded at 10,000
points, then hand-sanded, filed and in-
spected for 3 hours.

In all, it carries 48 pounds of pro-
tection against rust (including 24
pounds of permanent undercoating).

Not a barge

If you are a good driver now, your
250S will make you a better one. It is
an almost incredibly responsive car.
One reason: the 250S measures two
feet shorter than its major rivals.
You thread through traffic with the
agility of a sports car. And you ride
on a fully independent suspension sys-
tem adapted from a world-champion-
ship Mercedes-Benz racing machine.

According to Road & Track
magazine, this suspension “offers a
combination of riding comfort and
stability that is the standard for com-
parison.”

Racing-car brakes

Mercedes-Benz engineers fitted
the 250S with the same brake system
found on Grand Prix racing machines:
4-wheel, caliper-type disc brakes.

Racing drivers like the way disc
brakes resist fading, even in succes-
sive stops from 100 mph. Disc brakes
also resist the effects of moisture and
dust—and they wear very slowly.

Foiling fatigue

No matter how far the
destination, you and your
passengers will arrive
relaxed in the 250S.
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“The seats are as good as any
in the world,” writes the Editor of
Car and Driver magazine.

One reason: They were designed,
with the aid of orthopedic physicians,
to support your body properly and
thus ward off muscle fatigue.

Inside and out, the 250S is a nit-
picker’s despair. The fourth and final
paint coat is hand-sprayed and hand-
rubbed. Even the underside of the
dash is fully trimmed and finished.

Going to Europe?
Send now for free kit.

You can order your Mercedes-
Benz here and pick it up in Europe.
Having your own car while abroad
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guarantees more travel enjoyment—
no crowds, no awkward schedules.
When you return home, your 250S
comes too.

Andremember that overseasdeliv-
ery saves you hundreds of dollars on
the purchase price of your new

Mercedes-Benz. For full
details, see your author-
ized Mercedes-Benz dealer.

Or clip and send the coupon
below now and get a free, fact-filled
information kit.

..................................

. Mr. Peter Grassl,

" Mercedes-Benz, Dept. SCA3
. 158 Linwood Plaza,

. Fort Lee, N.J. 07024

Please send me the free Mercedes-Benz .
+ European Delivery Information Kit.

* Name

* Address

. City

. State Zip
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Plenty!

Maybe that’'s why your top
competition’s already here.

Massachusetts has it all: existing
plants, ideal building sites and

all the services your industry needs
to grow and prosper.

Plus . . . 117 institutions of higher
learning to turn out the trained
scientists and executives you need.
They’re backed by a skilled work
force . . . a work force that’s set

a record among industrial states
for fewest days lost through
labor-management disputes.

Massachusetts has other advantages,
too. An unmatched concentration of
research and development facilities.
A vast, modern transportation
system. And a location that’s

closer to Europe than any other
major industrial state.

Find out what’s in it for you.
Call or write us today.

Massachusetts Dept. of Commerce

and Development
100 Cambridge St., Boston, Mass. 02202
Dept. S - Telephone (617) 727-3218.
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PUBLIC-SPEAKING phobia was treated by counterconditioning, by an “insight” method

and by a placebo treatment. There was also an untreated control group. The chart gives the
percent of subjects who showed decreased anxiety (according to three different criteria).

the stimuli that arouse anxiety, particu-
larly in the treatment of severe anxiety
disorders.

have been discussing specific kinds of

procedures for rather specific psy-
chological problems. Many people seek-
ing psychotherapy present multiple
problems, and these call for combina-
tions of procedures. (The developments
in behavioral therapy in some respects
parallel those in medicine, where all-
purpose therapies of limited efficacy
were eventually replaced by powerful
specific procedures designed to treat
particular physical disorders.) The treat-
ment process is not piecemeal, since fa-
vorable changes in one area of behavior
tend to produce beneficial modifications
in other areas. In many instances a cir-
cumscribed problem has wide social
consequences, and a change in such an
area can have pervasive psychological
effects.

Psychotherapists who think in terms
of diseases often assume that the direct
modification of abnormal behavior may
result in what they call “symptom sub-
stitution.” The available evidence re-
veals, however, that induced behavioral
changes at least persist in themselves
and often have favorable effects on other
areas of psychological functioning. To
be sure, a poorly designed course of ther-
apy aimed only at eliminating maladap-
tive behavior patterns does not in itself
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guarantee that desired modes of re-
sponse will take their place. The client
may revert to alternative and equally
unsatisfactory courses of action, and the
therapist may be faced with the task of
eliminating a succession of ineftective
patterns of behavior. This problem can
be forestalled by including procedures
in the original treatment that are de-
signed to foster desirable alternative
modes of behavior.

Preliminary applications of social-
learning approaches to psychotherapy
indicate that these methods hold con-
siderable promise; they need to be
developed further, extended to the treat-
ment of multiple problems and evalu-
ated after a sufficient period has elapsed.
Many new methods of psychotherapy
have been introduced enthusiastically
and then have been retired by controlled
studies. The fact that social-learning
therapies are based on established prin-
ciples of behavior and are subjected to
experimental study at each stage of de-
velopment gives us reason to expect
them to weather the test of time. The
day may not be far off when psychologi-
cal disorders will be treated not in hos-
pitals or mental hygiene clinics but in
comprehensive “learning centers,” when
clients will be considered not patients
suffering from hidden psychic patholo-
gies but responsible people who partici-
pate actively in developing their own
potentialities.
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12 196
“/;: 155 true or false?
Our ears say true

Over the past few thousand years, the problem of tuning
musical instruments has attracted the attention of several
distinguished people. Pythagoras was one of them and,
as one might expect, he tried to solve the problem mathe-
matically. Though his solution was applied for nearly two
thousand years, it did not enjoy the lasting success of his
theorems. He based the scale on a tone and its octave
(a 1:2 frequency ratio) and a tone and its fifths (a 2 :3
ratio). However, it was found to have serious limitations
when harmonics came into vogue.

So towards the end of the 14th century, the mean tone
scale became fashionable, based on octaves and thirds
(a 4:5 ratio). But there were still problems: chords
which harmonised perfectly in most keys were ear-split-
ting, false chords in others. Avoiding these chords - the
so called ‘““wolves” - was a source of constant anxiety
to early keyboard instrumentalists.

Then in the 15th century, a scientist called Ramis de
Pareja devised a means of muzzling the “wolves”... though
it wasn’t until the early part of the 18th century that
his ideas were put into general use. Pareja’s solution
was to divide the octave into twelve successive inter-
vals, each with the equal frequency ratio of ¥/Z . Although
the perfect harmony of the tones with simple frequency
ratios was lost (with the exception of the octave), the
system, known as the equally tempered scale, had a
striking advantage: a musician had complete freedom
for modulating into any key without being bitten by the
dreaded ““wolves”.

The tuning of a keyboard in successive intervals of
V2 calls for a high degree of skill. And the increasing
rareness of skilled tuners presents a threat to the future
of the keyboard instrument ... serious enough for Mr. Gossel
of our Hamburg Research Laboratories, an electronic
engineer and amateur musician, to suggest an electronic

solution. One of his colleagues started playing around with
a slide rule and found that /2 is almost exactly equal
to the ratio 196 : 185, to within a tolerance of 4 x 10-%
(a mathematician would have deduced this by applying
continued fractions). Starting from this, Mr. Gossel and
his colleagues built a square wave generator with a fre-
quency which can be varied between 40-90 kc/s. They
then added a circuit which could divide any set frequency
of the generator by 196 or 185. So at the output side, one
of two audio frequencies can be obtained (f; and f,) which
are almost exactly an ‘“‘equally tempered’ half-tone apart.

Let us now show you how this instrument is used for
tuning. The generator is set at 81,400¢/s so f, is exactly
440c/s - the standard middle A - and f, is half a tone
lower (A flat). The middle A of the keyboard is picked up
(and made to sound continuously) and compared in a
frequency comparison circuit with f;. The beat frequency
is read on a simple ammeter. The tuner then adjusts the
middle A until the beat frequency is zero (easily accom-
plished to within 0.01c/s) and the note is tuned. Without
changing the generator, A flat can then be tuned to f,.
Now what about the rest of the notes? The generator
frequency is lowered until f; equals the newly found A flat
and then f, becomes a tempered G. The tuner continues
in this fashion until he has tuned a whole octave. He then
makes an overall check. The frequency ratio between the
octave will now be 1:2 - apart from the slight systematic
error and possible personal error. But since the systematic
error is only 5 x 10-% and the most sensitive ear can hardly
discriminate frequency differences which are at least ten
times greater, it’s of no consequence. As far as our ears are
concerned, the tone interval v/2 is equal to 196/185.

This is an interesting example of how a scientist with
an interest in music can point to the solution of a cen-
turies’ old problem; and of how modern electronics can
make the solution a reality.

The laboratories are an integral adjunct to the [phiups
International Concern whose simple slogan is: %

trust in PHILIPS is world-wide
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Salt-Water Agriculture

Experiments in Israel indicate that many plants can be irrigated

with salty water, even at oceanic strength. if they are in sandy

soil. The technique might open much barren land to agriculture

! rid and semiarid areas occupy fully
a third of the earth’s land surface.
Within them are extensive regions

of sand dunes, largely in deserts and
along the coasts. The dune lands have a

total area about twice the size of the U.S.
Much of the sandy soil in arid areas

by Hugo Boyko

could be made agriculturally productive
with irrigation, but relatively little irri-
gation has been undertaken in such re-
gions because the importation of fresh
water is usually too expensive and the
use of local water, which is often salty,
has been avoided in the belief that few

land plants can tolerate much salt. Ex-
periments have demonstrated, however,
that many plants can thrive in sandy soil
even when they are irrigated with water
that is quite salty. Indeed, under the
right conditions irrigation can be done
with seawater.

“DESERT GARDEN OF EILAT” in Israel was created on previ-
ously barren sandy soil with salt-water irrigation. The photograph
at left shows one of the slopes in the six-acre tract just after it had
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been planted in 1949. At right is the same slope 10 years later. The
planting was designed and supervised by the author and his wife.
Water used for irrigation had a salt content of .2 to .6 percent.
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One of the experiments I shall de-
scribe has transformed six acres of land
in the Negev desert of Israel from a bar-
ren waste into a flourishing garden. As
a result of the experiment other parts
of the Negev, irrigated solely with saline
water, have been made to produce such
crops as melons and tomatoes, and the
crops have become valuable articles of
export for the desert settlements. Experi-
ments in India with wheat, in West Ger-
many with a fodder crop and in Italy
with cereals, vegetables and flowers
have similarly yielded encouraging re-
sults.

I need scarcely dwell on the potential
significance of the work with sandy soil
and salty water. Any advance in making
sandy soils productive adds to the re-
sources available for the production of
food. And any such addition can be a
factor in the effort to keep the produc-
tion of food abreast of the growth of
population.

In September, 1965, 104 investigators
representing 23 nations and a wide spec-
trum of disciplines attended a symposi-
um in Rome titled “Irrigation with High-
ly Saline Water and Seawater with and
without Desalination.” The symposium
was organized by the World Academy
of Art and Science in cooperation with
the United Nations Educational, Scien-
tific and Cultural Organization, the Na-
tional Research Council of Italy and
the Italian Academy of Agriculture.
UNESCO also contributed to the financ-
ing of the symposium.

A few weeks later another interna-
tional symposium was held in Washing-
ton. The problem was the same: how to
use the saline waters of the oceans. The
approach, however, was just the oppo-
site of the one taken in Rome. The par-
ticipants in Rome were interested in the
direct use of saline water and seawater
in agriculture; the main subject in Wash-
ington was desalination.

Both approaches will doubtless be
needed in the campaign against hunger.
The water won expensively by desalina-
tion will most likely be used in large
cities, in industry and in the cultivation
of particularly valuable plants. In any
case, the production of desalinated sea-
water can be expected to save large
amounts of fresh water for agriculture.

The direct use of saline water will find
its application in converting sandy areas
into rich agricultural lands, pastures and
forests. It is with this approach that I
shall be concerned here. For more than
30 years, in ecological work in the sandy
regions of many nations, I have made it

my task to develop the geophysical and
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biological principles underlying the use
of salty water in agriculture. Practical
experiments to test the principles were
first undertaken in 1949, when I was
ecological adviser to the Ministry of Ag-
riculture of Israel and my wife, Elisa-
beth Boyko, was horticulturist for the
ministry.

he basic principle of saline agricul-

ture is that salty water can be used
only on sand and sandy or gravelly soil
if the objective is to grow plants on an
economic basis. In other kinds of soil
the salt soon accumulates, destroying the
plants and making the soil unfit for agri-
culture. In sand, however, such accumu-

~—~ DRY COASTAL AREAS
©/2ZZ4 SEMIDESERTS

2 DESERTS WITHOUT EXTENSIVE DUNES

lation does not occur. Moreover, one can
help the sand rid itself of salt by growing
plants that tend to accumulate salt. In
this way one achieves what could be
called biological desalination.
Underlying the basic postulate that
saline agriculture is restricted to a sandy
or gravelly environment are a number of
other principles. Four of them have long
been known, but their applicability to
irrigation with highly saline water and
seawater has been overlooked because
the other principles were not obvious.
The four familiar principles arise from
the permeability of a soil consisting
mainly of sand or gravel compared to the
permeability of the more usual type of

DESERTS WITH EXTENSIVE SAND DUNES

ARID AND SEMIARID REGIONS cover a third of the earth’s land surface. Within them
are extensive areas of sand dunes, amounting in all to an area larger than the U.S. Many of
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agricultural soil, which contains a fairly
high percentage of clay and silt particles.

The first principle is that water perco-
lates quickly through sand and gravel.
The second is that the root systems of
plants are well aerated in such an en-
vironment. The reason is that sand and
gravel afford more space between par-
ticles of soil than clay and silt do.

The third principle is that sodium
chloride and magnesium chloride—the
components of salt water that are most
harmful to plants—have little opportu-
nity to affect plants in sand or gravel.
Both are easily soluble, and in addition
they are among the first components of
salt water to be washed down into deep-

the sandy regions could be made productive with salt-water irriga-
tion, according to experiments in Israel indicating that the salt

er layers when soil is watered. If the
movement of the solution is upward be-
cause of evaporation or capillary action,
sodium chloride and magnesium chloride
tend to form crystals on the surface of
sand or gravel rather than to remain be-
low the surface, where they can harm
plants. In either case the sodium chloride
and magnesium chloride are not taken
up in dangerous amounts by the selective
feeder roots, or root hairs, of plants in
sand and gravel.

The fourth principle is that the so-
dium ion is not adsorbed on particles of
sand, whereas it is easily adsorbed on
particles of clay. The adsorption of so-
dium on particles of clay is the main
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cause of salination in normal agricultural
soils. Clay particles swell when they
adsorb sodium. As a result the soil be-
comes impermeable, salts
and plants die.

accumulate

Of the newer principles, the first is
what T call partial root contact. It
is based on the fact that in sand the
space between particles is usually many
times larger than the feeder root of a
plant can occupy. The concept can best
be explained by following the events
that occur when plants on a sandy plot
are irrigated with salty water.
Immediately after irrigation the tiny
feeder roots of the plant—200 to 500 of

tolerance of most plant species is raised if they are grown in
sandy or gravelly soil that has a low content of clay or no clay.
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them per square millimeter of root—are
entirely immersed in the water. Most
plants can stand only a brief immersion
in salty water. In sand, however, the
water percolates quickly, so that soon
the surface of the feeder roots is only
partly in contact with the salty water.
By then the feeder roots are also partly
in contact with air. The oxygen in the
air considerably increases the plant’s ac-
tivity and available energy, so that the
plant is more able to be selective in the
uptake of the nutrient components of
the seawater.

The air surrounding the feeder roots

remains moist even after percolzltion.
From time to time the moisture con-
denses, mostly in the cool morning hours.
Condensation occurs particularly in con-
tinental deserts, where the temperature
differences both between night and day
and between different layers of sand are
substantial [sce illustration on opposite
page].

The condensation is decisive in saline
agriculture, because it produces a sub-
terranean dew. The dew, of course, is
fresh water. Hence the roots can have a
source of fresh water even when chemi-
cal analysis of the soil reveals the pres-

ence of considerable salt. Any salt thus
revealed is adhering to the particles of
sand, and the feeder roots are either not
in contact with it or only in partial con-
tact. The next irrigation, whether it is
done the following day or several months
later, washes away any possible accumu-
lation of sodium chloride and magnesium
chloride.

This, then, is the second of the newer
principles, which I call the principle of
subterranean dew. The third principle
is closely related to the second and is
called the viscosity principle. The film
of brine remaining on the surface of
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GLOBAL SALT CYCLES work to prevent excessive accumulations
of salt on land, even adjacent to bodies of salty water. In coastal
circulation, for example, salt blown onto the shore in spray from
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the sea is returned to the sea by means of surface water and water
flowing deeper in the ground. Similar cycles eventually return to
the seas the salts that reach land by other means such as storms.



feeder roots and the surface of sand par-
ticles after the percolation of saline irri-
gation water is about .000001 millimeter
thick. The viscosity of saline water is
such that a film so thin is readily broken.
Hence the film on the sand particles and
the feeder roots cannot be coherent and
leaves enough space for aeration.

I have already touched on the fourth
principle, which is biological desalina-
tion. It lies in the ability of certain
plants to accumulate salt in their green
parts. With each harvest of the crops
the salt content of the soil is diminished.
Many investigators have been skeptical
of this process. I had long suspected that
biological desalination would be effec-
tive, and eventually I was able to demon-
strate its effectiveness in an experiment
my wife and I conducted south of the
Dead Sea. The experiment showed that
the soil’s content of both sodium and
chlorine was reduced significantly by
two harvests of Juncus maritimus, a rush
plant, grown on a sandy field and irri-
gated with saline water.

For the next principle I am indebted

to Hugo Heimann of the Israel Insti-
tute of Technology. Heimann became
curious about contradictions between
farming experience and the widely held
view that the damage to plants from salt
arises from the excessive osmotic pres-
sure connected with high concentrations
of salt. The view is evidently attributable
to the experimental procedures followed
by investigators in this field. They grew
plants in a culture solution, adding salts
one at a time. The concentrations and
the correlated osmotic pressures were
noted at the point where the plants be-
gan to show damage. The damage al-
ways appeared at about the same os-
motic pressure, regardless of the type of
salt used. The experimenters concluded
that it resulted from high osmotic pres-
sure, which made it difficult for the
plants to take up water.

Heimann pointed out that such ex-
periments failed to duplicate conditions
in nature. All organized systems of living
cells in an aqueous environment charged
with the ions characteristic of salts owe
their well-being to a balanced ratio be-
tween the ions. Plants in physiologically
balanced solutions can stand much high-
er osmotic pressures than plants in a
solution of a single salt or in unbalanced
mixtures.

Such findings led Heimann to the
principle he has termed the balance of
the ionic environment. It holds that with
the proper ratio of ions plants can be
grown at surprisingly high levels of sa-
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FOUR STEPS show how a plant can grow in sandy soil with salt-water irrigation. After
irrigation (1) the tiny root hairs are immersed in water (color). As the water percolates into
the sand, air pockets are formed (2) and soon (3) the root hairs have only partial contact
with salt. Changes of temperature cause condensation (4), which provides fresh water.
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SALT TOLERANCE of various crops is charted. The arrange-
ment is based on the observations of a number of investigators and
relates to a variety of conditions of soil and water. The author be-

linity. Indeed, seawater has a singularly
well-balanced ratio of salts, to which all
forms of life were once adapted. It is
hardly surprising that plants irrigated
with seawater in sand show a higher
tolerance for salt than plants irrigated
with any other water of the same salt
concentration.

Another principle I have called en-
hanced vitality. A better term, “en-
hanced vigor,” has been suggested to
me by Pierre Dansereau, curator of ecol-
ogy at the New York Botanical Garden.
In German, my native language, I would
say lebenskraft, which is literally trans-
lated as “life strength.” At any rate, the
principle suggested itself after some ex-
periments we carried out at the Negev
Institute for Arid Zone Research in Beer-
sheba. Five species of plants that had
been irrigated with various kinds of wa-
ter were withdrawn from irrigation and
left untended in that arid region. Plants
that had been irrigated with seawater
and various dilutions of seawater sur-
vived two long dry periods of about nine
months each better than control plants
that had been irrigated with fresh water.
The most vigorous were those irrigated
with seawater of the Caspian Sea type,
containing between 1 percent and 1.3
percent total dissolved solids, and of the
North Sea type, containing between 2
and 2.7 percent. The reason for en-
hanced vigor may be that the salty wa-
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ters provided a larger quantity of nu-
trients than the fresh water.

The final principle I shall put forward
is the principle of global salt circulation
[sce illustration on page 92]. One can
perceive this principle most readily by
considering the state of affairs along a
seacoast. There large quantities of salt
are constantly being deposited on the
land by wind blowing in from the sea.
At the same time rainfall, runoff, per-
colation and the flow of water under-
ground work to carry the salt back to the
sea. The result is that coastal regions do
not accumulate deposits of salt.

The same factors are at work, al-
though more slowly, in inland areas.
The principle indicates that no danger-
ous accumulation of salt is to be feared
on sandy soil irrigated with saline water.
Indeed, the principle accounts for the
fact that salinization of normal agricul-
tural soils can be overcome in regions of
regular rainfall by occasionally letting
land lie fallow and by providing appro-
priate drainage. The Jewish religion’s
smittah year, which is a fallow year
every seven years, was probably intro-
duced to allow a season’s rains to wash

away the salts deposited by irrigation.
[_YI these principles figure in the suc-
cess of the various experiments that

have been conducted in saline agricul-
ture. The first was “The Desert Garden
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lieves many of the crops could be grown commercially with salt-
water irrigation in suitable conditions. The principal condition
is that the soil be sandy so as to provide high permeability.

of Eilat,” laid out and planted by my
wife starting in 1949 [see illustration on
page 89]. This is the six-acre tract in the
Negev desert to which I have referred.
We were given the task of introducing
vegetation in this barren area, where the
building of a Red Sea port under the an-
cient name of Eilat was planned because
the Suez Canal was closed to Israel.

The climatic features of the area in-
clude meager rain (about an inch a year,
falling erratically during the winter),
strong winds and high temperatures. At
first the only water available for irriga-
tion was highly saline water from a well
11 miles to the north; we had to bring
the water to the garden by command car
over the roadless desert. Later we were
able to use other water, also saline,
which was brought to Eilat by pipeline
from an oasis 26 miles to the north. The
water from the oasis had a total salt con-
tent fluctuating between .2 and .6 per-
cent; the latter percentage corresponds
to that of brackish water from the Baltic
Sea.

We deliberately chose the gravel hills
of the region because of the good perco-
lation there. The soil had a composition
of 96.3 percent stones and sand, 2.7
percent silt and 1 percent clay. In this
soil and with such water we have suc-
cessfully grown some 180 species of
plants. Most of them are not halophytic,
or salt-tolerant, under normal condi-
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of complex information. Instant interpretation is needed
based on man and machine in direct discourse. This is the
challenge Sanders is meeting. This is the opportunity
that Sanders offers you in man/machine communications.
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Information Display Systems are providing decision makers
with instant visual access to high speed computers,

their stored information and problem solving capabilities.
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for the Saturn V Rocket — Sanders has produced a
completely flexible information system incorporating a
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second decision to override the computer, scrub the
mission, or send this country's astronaut team thundering
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tions. Among them are a blue-leaved
acacia, potentially useful as wood or
fodder; a sisal that could yield fiber; a
silk oak capable of producing hardwood;
mulberry, which yields both fruit and
leaves to feed silkworms; an oleander
that is ornamental and has medicinal
uses, and a pomegranate that yields fruit
and is also useful in tanning and medi-
cine.

Another of the species is the Juncus
maritimus that I mentioned in connec-
tion with biological desalination. This
wild rush, which we cultivated for the
first time, could be developed as a raw
material for a printing paper of high
quality. After the material had been
used successfully by a paper mill in
Scotland, an American group undertook
to produce the crop commercially on a
2,000-acre tract in the sandy desert of
Wadi Araba in Israel. The project, in
which saline irrigation will be used, is
now in the planting stage.

Our results in the garden at Eilat led

us to undertake some experiments
in direct irrigation with seawater. Our
objectives were to ascertain the limits of
salt tolerance in certain plants and to test
experimentally the principles I have
described. Our technique was to grow
plants in bottomless barrels placed on
sand and filled with sand. We irrigated
with four types of seawater: the Caspian
Sea type, the North Sea type, an oceanic
concentration containing between a 3
and a 4 percent total of dissolved solids,
and an eastern Mediterranean or Red
Sea type with a 4 to 5 percent total of
dissolved solids. For control plants we
used fresh water.

The experiments involved 10 species
of plants. Four of them survived irriga-
tion with seawater of the oceanic type,
containing more than a 3 percent total
of dissolved solids. One was Agropyrum
junceum, a dune grass that is sometimes
called wheat grass. It is excellent for
holding sand in place and also for animal
fodder. Moreover, it is suitable for hy-
bridization with wheat and hence opens
up the possibility of breeding salt-toler-
ant cereals. Another plant was Calotropis
procera, a desert succulent with many
possible uses in the textile and chemical
industries. The third was Hordeum vul-
gare, a barley. We used a strongly
drought-resistant Bedouin strain, plant-
ing seeds from plants we had grown our-
selves in highly saline water. The fourth
was Juncus maritimus.

Our results indicated that the other
six species would succeed economically
only if they were irrigated with saline
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water no more concentrated than the
Caspian Sea type (1 to 1.3 percent). The
six included two species of Agava,
known on the world market as a source
of rope fiber; Rottboellia fasciculata, a
fodder grass; Ammophila arenaria, a
beach grass used in many countries to
prevent the shifting of dunes; another
species of Juncus, and finally Beta vul-
garis, the sugar beet, which is known to
be salt-tolerant but which had not been
grown in water as salty as the water we
used for irrigating it.

After obtaining these results I asked a
number of investigators in other coun-
tries if they would be interested in
undertaking such experiments. Similar
projects have been successfully started
with seawater in India, Spain and West
Germany and with brackish water in
Israel, Italy, Spain, Tunisia, Morocco,
Sweden, the U.S. and the U.S.S.R. The
number of species of plants grown in
highly saline water from the sea or
from underground sources runs to many
dozens.

\X/Te have taken only the first tentative

steps in this new direction. An ex-
tensive international effort will be need-
ed if deserts are to be transformed into
agricultural areas by saline irrigation.
The participants in the symposium in
Rome formulated an appeal for such an
effort, adopting a resolution declaring
their firm belief “that results already
achieved by irrigation with highly saline
water indicate clearly that those areas at
least where such a water supply is avail-
able can be rendered capable of crop
production.”

I foresee the possibility that the efforts
now under way to achieve economical
and large-scale desalination of seawater
will contribute significantly to the suc-
cess of saline agriculture. Pumping water
from the sea to inland deserts for irriga-
tion will require large amounts of energy.
Big nuclear reactors installed for desali-
nation might serve a dual purpose: sup-
plying fresh water for cities and indus-
tries and at the same time generating
electricity to pump salt water from the
sea or from desert aquifers for use in
saline agriculture.

Another possibility lies in the use of
electrolytic methods of desalination.
Using only a fraction of the energy re-
quired for other methods, this technique
can yield water of a concentration too
salty for drinking but excellent for grow-
ing plants. Whatever the approach to
saline agriculture, success on a large
scale will be achieved only if research in
this new field is adequately supported.
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Announcing the publication of
Calculus and Analytic Geometry

JACK R. BRITTON, University of West Florida R.BEN KRIEGH, University of Colorado
LEON W. RUTLAND, Virginia Polytechnic Institute
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Written for students in engineering and the sciences, in mathematics. They provide a sensible continuation
this introductory textbook is so organized as to en- of the modern approach to mathematics that is now
able the student to reach the calculus within the first introduced in most high schools, with more emphasis
few weeks of the course. The authors have followed than in the past placed on an understanding of fun-
many of the recent recommendations of national damental concepts.

groups concerned with the undergraduate program 1966, 1069 pages, $12.50

Also available by the same authors: University Mathematics
JACK R. BRITTON, University of West Florida R.BEN KRIEGH, University of Colorado
LEON W. RUTLAND, Virginia Polytechnic Institute

These two volumes are designed for two-year intro- neighborhoods adds clarity to the treatment of limits.
ductory courses in analytic geometry and calculus. The section on integration by substitution is well
“The notation and point of view are up to date, the done....”

exposition is straightforward and clear, and the — William K. Smith, in Science, September 24, 1965
authors have been successful in their attempts to pro-  Volume I: 1965, 662 pages, $9.50
vide a large amount of motivation. .. . The use of  Volume II: 1965, 650 pages, $9.50

= W, H. Freeman and Company

E 660 Market Street, San Francisco, California 94104/ Warner House, 48 Upper Thames Street, London, E.C. 4
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This engineeris solving a problem
In cacography.

What's he doing at IBM?

He is making a computer easier to use by enabling it to read hand-
printed numbers. No easy matter; in fact, incorrect handwriting is a
study in itself—technically known as cacography.

IBM’s Ray Norman analyzed thousands upon thousands of sam-
ples of hand-printed numbers, looking for patterns in the extra jigs
and jogs people stick on their 1, 2, 3’s.

The methods he and his associates use to tell one man’s hand-
printed 2 from another’s 3 have been built into the circuits of IBM’s
new optical reader.

Installed in a department store and hooked up to an IBM com-
puter, the optical reader works something like this. The salesgirl
writes up your purchase, hand-printing numbers in spaces provided
on the sales slip. Her sales slips are then fed into a reader.

The computer then can automatically subtract what you bought
from its inventory record. It charges your account and updates
sales and billing records.

A store manager can then get any of this information, quickly,
any time he needsit.

Making information easier to get into a computer makes this
most useful tool even more useful.
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Somewhere...

between 21 global timekeeping stations...

we lost a microsecond.

Last year, Hewlett-Packard engineers traveled with two
“flying clocks™ to 21 different official timekeeping facili-
ties in 12 nations, correlating their time standards to
within tenths of millionths of a second. During this 31-day
journey around the world, these portable clocks, without
adjustment of any kind, kept to within one microsecond
of each other and of the Hewlett-Packard frequency
standard in Palo Alto, California. This is an accuracy
equivalent to one second in 88,000 years, an accuracy
that could guide an object from earth to the sun with a
potential error of only a few inches.

Natural constant: Using the property of the unvarying
transition frequency of the cesium atom (9,192,631,
770 Hz) as a control for a highly stable quartz crystal
oscillator, Hewlett-Packard was able to develop an atomic
clock that is both highly accurate and, more important,
portable, permitting this historical correlation of time.

Worldwide synchronization: Previously, mostinter-
national timekeeping stations had been synchronized by
high-frequency radio transmission. Transmission through
the atmosphere and ionosphere is subject to errors caused
by delay, multiple paths, reflections from clouds and
doppler shift from ionospheric motion. Because of these
phenomena, the stationary time standards of the world
could be correlated to within only about one millisecond.
Now, with “door-to-door” synchronization made possible
by a truly portable standard of primary accuracy, corre-
lation of the stationary time standards has been improved
by a factor of a thousand.

The voyage of the “flying clocks”: During their
month-long journey, these time standards reached more
world timekeeping centers than had ever been correlated
in any previous experiment. On the long trip, the clocks
traveled by commercial airliner, private car, Jeep and

For new standards in measurement. ..

luggage carts. They were powered without interruption
by such diverse sources as airline generators, automobile
batteries and their own internal standby power supplies.
Yet relative frequency differences were less than 3.6 parts
in 10" averaged over the 31-day period.

Importance of accurate time correlation: Time is
a basic measurement. Precise time standards are main-
tained by all major nations in the world. The accuracy
of these standards is increasingly critical in space travel,
as well as in scientific progress here. Moreover, “door-to-
door” correlation of time in widely separated points
makes it possible to learn more about the propagation
characteristics of radio waves and leads to a better under-
standing of the ionosphere and other spatial phenomena.

Standard-of-the-art instrumentation: The HP
E20-5060A Portable Time Standard ($21,600) is only
one example of the strides being taken in electronic
measurements. The combined features of high accuracy,
ease of use, compact and rugged construction are the
results of standards which guide the design and production
of all Hewlett-Packard instrumentation. International
timekeeping is only one of the technologies represented
in the more than 1500 measuring instruments offered, as
practical Hewlett-Packard products, in electronics, med-
ical and chemical instrumentation.

Software behind the hardware: To assist in the
application, delivery and maintenance of this instrumen-
tation, Hewlett-Packard provides the services of more
than 70 local field engineering offices throughout the
world. And these services are backed up with customer
training programs and a continuing flow of helpful in-
formation—all on a local basis, to meet the immediate
and long-term needs of those whose progress depends on
measurement. Hewlett-Packard, Palo Alto, California
94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT hp, PACKARD

Measuring instruments
for science and industry
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The Origin of the Automobile Engine

The first internal-combustion engine to operate successfully

on the four-stroke cycle was built in 1576 by Nicolaus August

Otto. His “Silent Otto” was a good machine with a poor theory

he modern automobile is driven by

I a heat engine whose basic prin-
ciple was first demonstrated 91
years ago. The principle is the Otto
cycle, named after Nicolaus August Otto,
a self-taught German engineer who
stumbled on a way to burn a compressed
mixture of gas and air in the cylinder
of an engine without producing destruc-
tive explosions. The “Silent Otto,” as
the engine was somewhat extravagantly

by Lynwood Bryant

called, employed a scheme in which the
piston required four strokes to complete
one cycle: an inward (toward the crank-
shaft) fuel-and-air-intake stroke, an out-
ward (away from the crankshaft) com-
pression stroke, an inward power stroke
and an outward exhaust stroke.

The term “Otto cycle” is sometimes
used loosely to denote this four-stroke
mode of operation, but actually an en-
gine of the Otto type can be either two-

NICOLAUS AUGUST OTTO (1832-1891) was a traveling salesman for a wholesale grocer
in the Rhineland in the early 1860’s when he began his experiments with internal-combus-
tion engines. He later was a partner in the firm of Gasmotorenfabrik Deutz near Cologne,
for many years the largest manufacturer of internal-combustion engines in the world.
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stroke or four-stroke (or for that matter
six-stroke, as some of the early ones
were). The four functions of intake, com-
pression, expansion and exhaust must be
performed in any Otto engine, but they
do not have to be performed in four dis-
tinct strokes. Strictly speaking, what dis-
tinguishes the Otto cycle from other
cycles that can be used in piston engines
is that an engine of the Otto type takes
in a controlled mixture of fuel and air,
compresses it to a moderate pressure
and ignites it by some kind of ignition
device, nowadays a spark plug.

The original Otto engine achieved an
efﬁciency three or four times greater
than the steam engines of the day, with
the result that Otto’s factory near Co-
logne became a world-famous source of
stationary power plants. Two of his asso-
ciates in this enterprise were Gottlieb
Daimler, who later became a pioneer in
the automobile business, and Wilhelm
Maybach, who designed most of the
early Daimler automobiles and went on
to make excellent engines for aircraft.

Otto’s engine would be important if
only because it was the ancestor of the
automobile power plant. It has a special
appeal for the historian of technology
because it was a good machine built on
a bad theory. In the early days of the
gas engine (and it was gas, not gasoline)
the central problem was how to get a
smooth flow of power out of a series of
explosions. Otto solved the problem—or
thought he did—by mixing fuel and air
in a special way that yielded what he
described as a stratified charge. This
was supposed to cushion the shock of
the explosions. Otto was wrong in at-
tributing the success of his engine to the
distribution of the gases in the cylinder,
but his error led him to a mode of opera-
tion that is still employed in more than
10 million new engines a year.

The Silent Otto looks more like a



Versuchsmotor 1876

EXPERIMENTAL MODEL of the original Silent Otto gas en-
gine was built by Otto at the Gasmotorenfabrik Deutz in 1876.
The single cylinder (left) is a converted steam-engine cylinder.
The large flywheel is needed because only one out of four strokes

3PS 130 U/min

is a power stroke. The Silent Otto developed three horsepower (in
German Pferdstarke, abbreviated PS) at 180 revolutions per minute
(Umdrehungen in der Minute, or U/min.). It was photographed
at the museum of Klockner-Humboldt-Deutz near Cologne.

2 a” Satent Ot 532.(B)
1828

qamomnw M“‘ M\‘n— Citn

&T.a. L.(5324)
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PATENT DRAWINGS of the Silent Otto accompanied Otto’s origi-
nal application for a German patent. The stippling in the cutaway
view of the combustion chamber (Fig. 2) represents what Otto
mistakenly believed was the reason for the smooth operation of

his engine: a special mixture of illuminating gas and air that he
described as a stratified charge (see illustration on page 108).
A modified combustion chamber is shown in Fig. 4. An enlarged
illustration of the slide-valve mechanism appears on page 110.
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CRANKSHAFT

MODERN AUTOMOBILE ENGINE utilizes the four-stroke cycle
first demonstrated by Otto, which consists of a downward fuel-and-

steam engine than an automobile engine
[see illustrations on preceding page].
This is not surprising, because it was the
steam engine that provided the theory,
the experience and even the hardware
used by early workers on gas engines.
The cylinder in Otto’s single-cylinder en-
gine was in fact a converted steam-
engine cylinder. It incorporated a slide
valve like the valve of a steam engine,
except that it had a more complicated
system of passages because it had to con-
trol three fluids—fuel, air and the igni-
tion flame—rather than steam alone. The
Silent Otto developed about three horse-
power at 180 revolutions per minute.
The Otto engine, demonstrated in
1876, was the first to use the four-stroke
cycle. To observers brought up on the
steam engine this must have seemed a
wasteful way to run an engine because
it yielded only one power stroke for
every two revolutions of the crankshaft.
The steam engine not only had a two-
stroke cycle but also was usually double-
acting; this meant the piston was pushed
by steam in both directions, so that there
were two power strokes for each revolu-
tion of the crankshaft—four times as
many as in the single-acting four-stroke
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gas engine. Otto seems to have adopted
this mode of operation reluctantly and
temporarily for lack of a better way to
compress the charge. Such a drastic
reduction in the frequency of power
strokes must have seemed a high price
to pay for the advantages of compres-
sion. Otto claimed the four-stroke cycle
in his patent, but only incidentally. He
promptly set to work to improve his en-
gine by developing a two-stroke process,
and so did a dozen other inventors. He
was never able to improve on the four-
stroke process, nor has anyone else been
able to for engines of a size appropriate
to automobiles.

tto’s fuel was illuminating gas. Al-

though gasoline was known, it was
regarded as being extremely dangerous.
The problem of mixing gasoline vapor
and air in the exact proportions required
by an engine proved to be an intractable
one that was not solved until the car-
buretor was devised in its present form
in the 1890’s. Gas, on the other hand,
was a convenient and reliable fuel that
was already in wide use for lighting.
Usually produced by heating coal in the
absence of air, it consisted chiefly of
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air-intake stroke (1), an upward compression stroke (2), a down-
ward power stroke (3) and an upward exhaust stroke (4). Ignition

hydrogen, methane and carbon monox-
ide. Gas technology had been evolving
for some 50 years, and whenever a city
installed a gas system someone was likely
to get the idea that this new source of
energy could be used for power as well
as light.

Early inventors therefore envisioned
a small gas engine the user could turn on
whenever he needed power (as we now
plug in an electric motor) and turn
off when he was through. They hoped
that such an engine might compete with
the steam engine, particularly in small
sizes, because of its convenience and
adaptability to intermittent use. The
more enthusiastic promoters dreamed of
supplanting the steam engine entirely,
but a more realistic goal was to provide
stationary power plants for small en-
terprises—pumping stations, breweries,
printing shops and the like—that could
not afford a steam engine or did not use
power continuously.

Otto and others naturally considered
using a gas engine to drive a vehicle,
but that was not a practical objective
in the 1870’s. The Silent Otto and the
first generation of its rivals were much
too heavy (they weighed about a ton per



occurs just before the end of the compression stroke. More than 10
million new engines a year employ this mode of operation. The ar-

horsepower) and they were tied to a sta-
tionary gas system. Nonetheless, Otto’s
engine of 1876 embodied the essential
concepts that later made the automobile
engine possible, after much refinement
of detail, chiefly reduction of weight and
adaptation to liquid fuel.

The concept of internal combustion—
that is, the notion of burning the fuel
inside the working cylinder of an engine
and dispensing with firebox and boiler—
was an attractive one in Otto’s time, and
scores of inventors were working on it.
Practical engineers knew little thermo-
dynamics in those days, but some knew
enough to measure the thermal efficiency
of the steam engine. They found it scan-
dalously low, usually well under 5 per-
cent. The internal-combustion approach
seemed a promising one because it of-
fered an opportunity to avoid the heat
losses, not to mention the weight and
expense, associated with firebox, smoke-
stack and boiler. The heat would be gen-
erated at the face of the piston, so that it
could immediately be converted into
work without losses in transmission and
storage.

At the time engineers also talked
about another kind of economy: the sav-

ing of latent heat. The trouble with the
steam engine, they said, is that much
energy has to be spent in converting
water into steam before any work is
done, and that this investment in “la-
tent” heat is not recovered if the exhaust
steam is discharged into the atmosphere,
as it usually is. The key advantage they
saw in the internal-combustion process
was that it utilized the products of com-
bustion to drive the piston directly, with-
out wasting energy in generating an in-
termediate working fluid such as steam.
Actually the essential advantage, as
more sophisticated engineers eventually
learned, was that the internal-combus-
tion engine was able to operate through
a wider range of temperatures than the
steam engine could; the nature of the
working fluid made no essential differ-
ence.

Otto was not the first to try internal
combustipn. His most famous predeces-
sor was Etienne Lenoir of France, who

like Otto had no technical training. In

1860 Lenoir built a two-stroke engine
much like a steam engine. It drew in a
mixture of gas and air for the first half
of each intake stroke and then ignited
it with an electric spark. The second half
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rangement of the valves and camshafts varies from one engine to
thenext; dualoverhead cams are shown here for the sake of clarity.

of the stroke was used for expansion,
and there was no compression of charge.
The engine was double-acting: it used
both sides of the piston like a steam
engine.

The Lenoir engine created a flurry of
excitement in the early 1860’s. Scientific
American quoted French journals as
saying that it marked the end of the age
of steam. “Watt and Fulton will soon be
forgotten,” the article said. “This is the
way they do such things in France.”
Then professional engineers who knew
some thermodynamics ran tests on the
engine and published discouraging re-
ports. It used large quantities of oil and
cooling water, it overheated badly and
it was hardly better than a steam engine
in efficiency. Several hundred Lenoir en-
gines were made, but within a few years
they were mostly scrapped or converted
to steam.

One of the suggestions offered for im-

proving the efficiency of the Lenoir
engine was to try compressing the
charge. The idea of compression is a
simple and obvious one that came up
frequently in the 15 vears before the
Silent Otto. A commonsense engineer

105



Okto
1862

s &

OTTO’S FIRST SOLUTION to the shock problem involved an
extra free piston (b) that would act as a spring to absorb the shock
of the explosion. Otto said that he had incorporated such an ar-
rangement in a four-cylinder engine built in 1862. This drawing was
prepared from memory in 1885 in the course of a patent litigation

would see compression as a way of in-
creasing the power of an engine by pack-
ing in more fuel, or as a way of reduc-
ing the size of the engine by simply
packing the same amount of fuel into a
smaller volume. One of the advantages
of gas as an engine fuel is that the de-
signer can choose a convenient density.
Otto discovered the value of compres-
sion as he was experimenting with a
model of the Lenoir engine. \While
working as a traveling salesman for a
wholesale grocer in the Rhineland he
read about Lenoir in a newspaper and
had a mechanic build the model engine
for him according to the newspaper de-
scription so that he could try it out. Once
in the course of testing various mixtures
and sizes of charge and times of ignition
he drew in a full cylinder of gas and air
and then compressed it on the next
stroke of the piston. (Indeed, one could
scarcely do anything else with a full
charge.) When he set off the compressed
charge, he got a surprisingly violent ex-
plosion that drove the flywheel through
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several revolutions. He later said that
this was the starting point of the four-
stroke cycle.

Otto probably did not follow up this
discovery at the time because a violent
explosion was the last thing he wanted.
His problem was to reduce the violence
of the explosions. He was not looking
for ways to increase the power of his
engine but rather for ways of controlling
the power he had. A worker on gas
engines in the 1860’s had two models to
use in his thinking. One was the steam
engine, in which the steam delivered an
easy, steady pressure to the cylinder that
could be turned on and off at will and
also could be easily transferred to the
other side of the piston. This was the
ideal to be achieved in a gas engine.

The other model was the gun, which
provided experience with the behavior
of explosions in cylinders. The gun was
the first internal-combustion engine, and
it delivered energy in spectacular bursts.
The problem of developing a practical
gas engine was like the problem of get-
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to support Otto’s doubtful claim that the engine used the four-
stroke cycle. The big defect of such an engine is that the instant of
ignition cannot be fixed in relation to the instant of maximum com-
pression, which is determined by the position of the free piston.
Otto reported that the engine was ruined by destructive shocks.

ting useful work out of a gun. One objec-
tive is to generate a series of explosions—
to make it a machine gun. The other, the
critical objective for Otto, was somehow
to convert the series of explosive im-
pulses into a smooth flow of power. A
flywheel would obviously smooth out
the impulses, but Otto still had the prob-
lem, or thought he did, of moderating
or cushioning the explosions so that they
would not destroy the engine.

tto tried three different solutions to

this problem. The first was to use
an extra free piston in the cylinder that
would act as a spring to absorb the shock
of the explosion. Otto later said he had
tried such an arrangement in 1862 [see
illustration above]. It was incorporated
in a four-cylinder engine (very surpris-
ing for 1862) that compressed the charge
and was said to employ the four-stroke
cycle. The drawing was prepared from
memory by a mechanic in 1885 in the
course of patent litigation to support
Otto’s doubtful contention that he had



used the four-stroke cycle in 1862; its
purpose here is only to illustrate Otto’s
first solution to the shock problem. Each
cylinder had a working piston connected
to the crankshaft in the usual way, and
between this main piston and the end of
the cylinder was a free piston mounted
on a plunger that was free to move back
and forth in a hollow passage in the con-
necting rod of the main piston. The free
piston would act as a shock absorber;
when the explosion came, it would be
driven back against the main piston, and
the air trapped between the two pistons
and the air in the hollow passage of the
connecting rod would cushion the shock.
The main piston would therefore be
driven back more smoothly and gradu-
ally than the free piston.

This double-piston arrangement had
another function: it helped to drive out
the exhaust gases. In an ordinary four-
stroke engine the piston does not reach
the end of the cylinder because it has to
leave room for the compressed charge
to be burned. Thus the space occupied
by the charge at the end of the compres-
sion stroke is still there at the end of the
exhaust stroke, and it contains unex-
pelled gases that remain to contaminate
the next charge. At first engineers were
concerned about this contamination.
Nowadays they do not have to worry so
much about it because they work with
much higher compression ratios, say 10
to 1 (a tenfold increase in pressure). This
means that the space not swept out by
the piston is much smaller than it was,
for example, in the Silent Otto, which
had a compression ratio of 2.5 to 1. The
free piston shown in Otto’s 1862 ar-
rangement would have been gradually
forced back against the main piston by
the increasing pressure of the charge be-
ing compressed, thereby leaving room
for the charge at the end of the stroke.
On the exhaust stroke the compressed
air that had cushioned the explosion
would have driven the free piston to the
end wall of the cylinder and so have
pushed out the exhaust completely.

It is doubtful that Otto actually ran
such an engine, but he did try the idea
of a shock-absorbing device. So did a
number of others, including Lenoir. In
1893 Frank Duryea used a free piston
like Otto’s in the first American horse-
less-carriage engine. These engines were
all failures. At that time engineers wor-
ried too much about expelling exhaust
and not enough about properly timing
the ignition of the charge. In a free-
piston engine of this kind the instant of
ignition could not be precisely fixed in
relation to the instant of maximum com-
pression. One could never tell from the

ATMOSPHERIC ENGINE, patented by Otto and his business partner Eugen Langen in
1866, was the first genuinely successful internal-combustion engine. Some 5,000 Otto & Lan-
gen engines were sold. An explosion drove a heavy free piston up the vertical cylinder as
far as it would go. The gases then cooled and contracted to form a partial vacuum; atmo-
spheric pressure, assisted by the weight of the piston, did the work on the way down. A
clutch allowed the piston to rise freely but caused it to engage the output shaft on the down-
ward power stroke. Atmospheric pressure placed a limit on the engine’s performance, and
it turned out to be a dead-end branch in the evolution of the internal-combustion engine.
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outside where the free piston was at any
given time, and it was the free piston
that determined the instant of maximum
compression. Premature explosions must
have been common. Otto said that this
engine was ruined by destructive shocks
and that he despaired of ever getting a
gas engine to work on the direct-acting
principle, that is, with the expanding
gases driving the output shaft directly.

) tto now turned to a second kind of
solution to the shock problem. He
gave up trying to moderate or absorb
the shock of the explosion and instead
disconnected the piston from the out-
put shaft during the explosion. He had
found in his early work on the Lenoir

engine that the hot gases in a cylinder
would cool quickly and form a partial
vacuum, so that atmospheric pressure
would drive the piston back. In the
“atmospheric engine” he developed over
the next five years the explosion drove
a heavy free piston up a vertical cylin-
der as far as it would go [see illustra-
tion on preceding page]. The gases then
cooled and contracted to form a partial
vacuum, and atmospheric pressure, as-
sisted by the weight of the piston, did
the work on the way down. A clutch al-
lowed the piston to rise freely but
caused it to engage the output shaft
on the way down.

The atmospheric engine was an in-
genious and perfectly workable solu-
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STRATIFIED CHARGE was Otto’s third solution to the shock problem. He believed that
at the moment of ignition the combustion chamber of the Silent Otto contained a layer of
old exhaust gases nearest the piston (left), then a layer of air, then layers of fuel-air mixture
of increasing richness, with the richest mixture nearest the point of ignition (right). It was
not necessary to Otto’s theory that there be distinct layers; he conceived of several possible
charge structures, three of which he portrayed in these sketches, published in 1886.
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tion to the problem of getting useful
power from a series of explosions. To
someone accustomed to steam engines
it was noisy and queer-looking, but it
was more efficient than Lenoir’s imita-
tion steam engine (chiefly because it
allowed more expansion of the hot
gases). The principle of the atmospheric
engine was not new, although Otto said
he had got the idea from his own ex-
perience. The Newcomen steam engine,
known for 150 years, created a vacuum
by causing steam to condense and let-
ting atmospheric pressure do the useful
work, and the same principle had been
applied to the gas engine in the 1850’.
Otto’s engine, however, went beyond
earlier atmospheric engines in efficiency
and reliability; it was the first genu-
inely successful internal-combustion en-
gine. It was also the foundation of a
successful business in which the guid-
ing spirit was Eugen Langen, whose
name appears with Otto’s on the name-
plate of the engine. Langen made the
same kind of contribution to Otto’s
progress that Matthew Boulton made to
James Watt’s.

About 5,000 of these engines were
built in various countries, but the Otto &
Langen turned out to be a dead-end
branch in the evolution of the internal-
combustion engine. The reason was that
atmospheric pressure placed a ceiling on
its performance. The Otto & Langen
came at a time of increasing demand for
more powerful engines, and it seemed
impractical to make an engine of more
than about three horsepower. Since the
working pressure could not be in-
creased, the only way to increase the
power was to enlarge the cylinder, and
it was already so large that in the three-
horsepower size it needed about 12 feet
of headroom. Otto and his associates
tried all kinds of ideas for improving
the atmospheric engine, but the basic
design proved to be inflexible and not
easily adapted to further development.
Nevertheless, they learned much from
the engine. It was a good experimental
tool for Otto’s continuing work on com-
bustion because it gave him an easy
way to estimate the explosive force of
different fuels and mixtures: he could
see how far the piston was driven up
by different charges. Otto continued to
study combustion in cylinders, to test
competing engines and to try various
ideas for new types of engines, includ-
ing at least one involving compression.

In 1876, with sales of the Otto &
Langen dropping, the need for some
kind of radical improvement became
urgent. At this time Otto suddenly
thought of a third solution to his key



L &:1.4. Te Otto mads fatent Rt 532 8iq.3.
Maulitl, - W01 Fa s L
: %ow 0
.
3
;
]
4 We Otto nact Satent Kt 2735 Figh
! -
= e L =3
‘s_ : | T re————i T
NN '
- -
b ]
i '

INDICATOR DIAGRAMS give the relation between the volume
(horizontal scales) and the pressure (vertical scales) inside the
cylinders of various engines Otto tested. The oscillations in the
expansion curve of the Lenoir engine (Fig. 1) reflect the kind of
shock waves Otto professed to find in engines operating without a

problem: cushioning the shock of the
gas explosions. It sent him back to the
direct-acting gas engine he had aban-
doned as being hopeless in 1862, and
persuaded him to try a compressed
charge without the shock-absorbing pis-
ton. Guided by this idea, he quickly
built the Silent Otto of 1876 and worked
out the details of the four-stroke cycle
as a way of compressing the charge in
the working cylinder. The engine was a
great success, and it proved to be a
flexible design that could be used for
many purposes and was susceptible to
evolution into a wide variety of forms.

he idea that led Otto to his third

solution was the concept of stratified
charge—the concept that the gases in-
side the cylinder could themselves per-
form the shock-absorbing function if
they were mixed properly. The idea
came to him, Otto said, as he was idly
watching smoke rise from a factory
smokestack and thinking about combus-
tion problems. The smoke billowed and
swirled into the air and then gradually
disappeared. A combustible mixture
might enter a cylinder in the same
fashion, he thought, and then it oc-
curred to him that if a combustible mix-
ture spread itself out into an inert me-
dium like smoke rising in air, the inert
medium might somehow slow down the
burning or moderate the explosion.

Otto had been studying combustion
for 15 years. Back in 1860 his work on
the Lenoir engine had taught him that
the ratio of fuel to air was critically im-
portant. If a mixture of illuminating gas
and air was too rich or too lean, he
found, it would not burn at all. Within
the rather narrow range of combustibil-
ity a mixture too rich would ignite easily,
but the shock of the explosion would be
too strong for the engine; a mixture too
lean would burn more gently, but ig-
nition was difficult. Accordingly Otto’s
problem in the 1860’s was how to get
both reliable ignition and slow burning.
The idea suggested by the smokestack
episode was that he could have both if
he controlled the intake of the gas and
air in such a way that he had a mixture
rich enough near the point of ignition
for the ignition to occur reliably, and
lean enough near the piston for the
combustion to occur slowly. On this
basis the exhaust gases from the last
cycle, which would not burn at all,
suddenly became a positive good; they
might remain in a layer near the piston
and help to protect it from shocks. The
extra free piston shown in Otto’s 1862
plan would no longer be required to ab-
sorb the shock, nor would it be needed
to expel the exhaust.

To produce this special kind of charge
Otto used a slide valve that was driven
back and forth across the entrance to
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stratified charge. In contrast the expansion curves in the diagrams
of the three Otto engines decline smoothly. The sketches attached
to the diagrams of two versions of the Silent Otto (Fig. 3 and Fig.
4) show a change in the shape of the combustion chamber that
was supposed to improve the combustion of lean mixtures.

the cylinder by a half-speed control
shaft [see illustration on next page]. The
valve was a brass block with an elabo-
rate system of passages that admitted
plain air for the first half of the intake
stroke and a fuel-air mixture of increas-
ing richness for the second half of the
stroke. To ignite the stratified charge at
the end of the compression stroke the
slide valve picked up a bit of burning
gas from an external standing flame and
inserted it in the combustion chamber
at just the right moment. This was
quite a trick, because the pressure in-
side was higher than it was outside.
What Otto thought he had in his com-
bustion chamber at the time of ignition
was a layer of old exhaust gases nearest
the piston, then a layer of air, then
layers of a fuel-air mixture of increasing
richness, with the richest mixture near-
est the point of ignition.

Otto got into trouble with the con-
cept of the stratified charge. In fact, he
lost his patent protection in some coun-
tries when his opponents were able to
persuade the courts that the charge in
Otto’s engine was not stratified and that
an engine with a homogeneous charge
would also run smoothly. Otto continued
to insist that no compression engine
could run smoothly unless the charge
was stratified in some sense. He did not
really mean, he said later, that different

kinds of gas had to be in sharply defined
109



layers. They could be in irregular swirls,
like the smoke from the smokestack, but
the fuel-air particles would still have to
be distributed in such a way that the
combustion was propagated from one
tuel-air particle to another through an
inert medium that did not participate
in the combustion and had the function
of scftening the shock or slowing the
burning [see illustration on page 108].

In those days nobody could tell ex-
actly what was happening inside the
cylinder. Even in a slow engine such as
Ctto's a complete four-stroke cycle took
less than a second. There was plenty
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of room for argument, and there was
plenty of argument. One instrument
used at that time to measure the per-
formance of an engine and diagnose its
ills was the indicator mechanism de-
signed by James Watt for the steam en-
gine; it recorded pressures within the
cylinder as the piston went back and
forth, in the form of a pressure-volume
diagram.

Such an indicator diagram gives the
engineer information he can use in the
way the physician uses the pulse rate
as evidence of what is happening in-
side the body. There was one important

CYLINDER

MAIN
AlIR INTAKE

item of information, however, that in
those days could only be inferred: tem-
perature. Here the uncertainties were
so large that the most respectable ex-
perts could differ widely about what
was going on in an engine. In the illus-
tration on the preceding page are indi-
cator diagrams Otto recorded for a Le-
noir, an Otto & Langen and a Silent
Otto. The oscillations in the expansion
curve of the Lenoir diagram reflect the
kind of shock waves Otto professed to
find in competing engines without strati-
fied charge, and the smoothly declining
pressure in the expansion curves of the

GAS AR [ —>> A\
CONTROL MAIN GAS INTAKE
SHAFT IGNITION FLAME

SLIDE VALVE used in the Silent Otto was driven back and forth
across the entrance to the cylinder by a half-speed control shaft.
A complicated system of passages admitted plain air for the first
half of the intake stroke and a fuel-air mixture of increasing rich-
ness for the second half of the stroke. To ignite the stratified
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charge in the combustion chamber the slide valve picked up a bit
of burning gas from an external flame (1) and, after equalizing the
pressure in the valve and the chamber (2), inserted the flame into
the chamber at the end of the compression stroke (3). A conven-
tional poppet valve was used to release the exhaust gases (4).
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diagrams of his own engines indicates
the special kind of burning due to the
structure of the gases that Otto claimed
as the essence of his invention.

tto never abandoned his theory of
the stratified charge, but by the
time of his death most experts had
turned against it. It was generally
agreed that the fuel-air mixture in an
engine should be as homogeneous and
as free of exhaust gases as possible, and
that smooth running was achieved by
the proper mixture and the timing of
ignition. Still, not everyone was con-
vinced, and it is curious to see how the
concept of the stratified charge, or
something very much like it, keeps re-
appearing in the history of the inter-
nal-combustion engine. Harry Ricardo,
for example, reinvented the stratified
charge in 1922 as a means of achieving
fuel economy through improved com-
bustion. He proposed igniting a particu-
larly rich mixture in a small antecham-
ber so that a hot flame would shoot out
into the main combustion chamber and
set fire to a mixture so lean that it or-
dinarily would not burn at all. (A con-
temporary version of the same concept
appeared in a British automobile maga-
zine as recently as last November.) Al-
though Otto had begun by thinking of
the stratified charge as a shock-absorb-
ing device, he also saw in it a means
of achieving more complete combus-
tion. In 1877 he patented a modified
shape of the combustion chamber of
the Silent Otto that would concentrate
the richest mixture in a narrow channel
so that a hot flame would shoot out into
the main charge and ignite its leanest
parts.

The possibility of greater fuel econo-
my makes such an idea interesting to
automobile and oil companies today.
Public awareness of air pollution has
also helped to revive interest in the
stratified charge as a potential way to
get cleaner automobile exhaust through
more complete combustion. A number
of experimental programs have been
launched in the past 15 years in the
U.S. and abroad for the purpose of try-
ing new shapes of combustion cham-
bers and changes in fuel injection and
ignition, all involving some kind of
separation of rich and lean mixtures
with the rich mixture near the point of
ignition. These programs usually re-
flect an interest in turbulence within
the cylinder that brings to mind Otto’s
original concept of a combustible mix-
ture swirling about like smoke from a

| smokestack. One variation of the strati-
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fied charge, the Texaco Combustion
Process, is said to eliminate knock, which
would have been very interesting to Ot-
to. Knock is the premature detonation of
a part of the charge that is heard when
low-octane gasoline is used in a high-
compression engine. It was a different
kind of shock that troubled Otto; he
probably never tried a high enough
compression to detect combustion knock
as we know it. Nonetheless, he felt the
same need to control combustion within
his cylinder, and he tried to control it
in the same way: by concentrating a
rich mixture in the region of ignition.

Otto’s idea of the stratified charge
may not be technically respectable, but
it guided him to the most important sin-
gle step in the evolution of the automo-
bile engine, and it continues to have a
powerful fascination for engine design-
ers in many countries.

MONUMENT to Otto and Langen stands in
the main square of Deutz, a suburb of Co-
logne, near the former site of Gasmotoren-
fabrik Deutz. On top of the monument is a
model of their atmospheric engine of 1866.
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SUPERCONDUCTING MAGNET was designed by one of the au-
thors (Sampson) as a prototype of a class of magnets that will be
used to focus the beam of protons from the 33-billion-electron-volt
accelerator at the Brookhaven National Laboratory. The device,
called a rectangular quadrupole magnet, consists of four mutually

perpendicular current sheets made of superconducting niobium-tin
ribbon encased in copper. The direction of the current (painted
black arroics) is opposite on adjacent sheets, two of which are vis-
ible in these two side views. The magnet is shown approximately
actual size. When it is in use, it is immersed in liquid helium.
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Advances in Superconducting Magnets

In the past five vears superconducting magnets have developed from

a laboratory curiosity into the most practical means of generating

intense magnetic fields for a growing number of research projects

by William B. Sampson, Paul P. Craig and Myron Strongin

ive years ago superconducting
Fmagnets were a laboratory curiosi-
ty. An adequate supply of super-
conducting wire was available, and ex-
perimental magnets capable of generat-
ing fields as high as 70,000 gauss had
been built and operated successfully
[see “Superconducting Magnets,” by
J. E. Kunzler and Morris Tanenbaum;
SCIENTIFIC AMERICAN, June, 1962].
Nevertheless, numerous technical diffi-
culties remained, and in spite of their
widely recognized potential such mag-
nets were held to be economically im-
practical for most purposes in competi-
tion with conventional electromagnets.
Today this situation has changed dras-
tically. Considerable progress has been
achieved in the past few years in the de-
sign and fabrication of superconducting
magnets. For a substantial number of
applications superconducting magnets
now perform better and more economi-
cally than comparable conventional
magnets. Moreover, it seems probable
that in the not too distant future the
growing need for stronger and cheaper
magnetic fields in many areas of science
and technology will be filled by super-
conducting magnets.

t the Brookhaven National Labora-
tory we are engaged in building and
testing superconducting magnets for use
primarily in the fields of high-energy
physics and solid-state physics. We have
also begun to use such magnets for spe-
cific experiments in these fields. Other
investigators have recently speculated
on some potential uses of superconduct-
ing magnets in space research. Although
the space applications seem much fur-
ther in the future, they do not require
any unreasonable extension of existing
knowledge.
The most irnportant property of su-
perconducting materials from the point

of view of a magnet designer is their
complete lack of resistance to an elec-
tric current at temperatures near abso-
lute zero. This property, discovered by
the Dutch physicist Heike Kamerlingh
Onnes in 1911, makes it possible in prin-
ciple to build an extremely strong mag-
net that requires no input of power.
(Permanent iron magnets also produce
magnetic fields with no power input,
but the strongest fields they can attain
are only about 10,000 gauss.) The vast
amount of power consumed by a con-
ventional high-field electromagnet ap-
pears in the form of heat as a result of
electrical resistance in the current-carry-
ing coils. This power input produces no

useful work and must be carried away by
some cooling agent, usually large quanti-
ties of water. At the National Magnet
Laboratory in Cambridge, Mass., contin-
uous fields as strong as 250,000 gauss
have been achieved with a conventional
electromagnet, but the electric power
consumed by the magnet is about 16
million watts—approximately the power
requirement for a town of 15,000 inhabi-
tants [see “Intense Magnetic Fields,” by
Henry H. Kolm and Arthur J. Freeman;
ScIENTIFIC AMERICAN, April, 1965].
Since there is no electrical resistance
in the current-carrying coils of a super-
conducting magnet, no power is dissi-
pated as heat, and strong fields can be

END VIEW of the superconducting quadrupole magnet on the opposite page shows the rec-
tangular array of current sheets around the bore, which is slightly more than an inch across.
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BEAM OF PROTONS can be focused by a pair of superconducting
quadrupole magnets in two stages. As the beam leaves the acceler-
ator (I) it has a diverging circular cross section. The beam then
enters the bore of the first magnet (2), where the magnetic field
forces the protons to converge along a vertical plane and diverge

along a horizontal plane. The second magnet (3) is rotated 90 de-
grees with respect to the first and completes the focusing. Because
of its higher current density, such a superconducting magnet has
a field gradient (change in field intensity with distance) more
than five times greater than a comparable conventional magnet.

maintained with practically no expendi-
ture of power. External power is re-
quired only to establish the field initially
and to refrigerate the superconducting
coils. As a result the operating cost of a
superconducting-magnet installation is
only a fraction of the cost of a compara-
ble conventional system; in addition the
superconducting system is usually easier
to operate. Because of its more compact
structure a superconducting magnet is
capable of producing a much steeper

field gradient than a conventional mag-
net; in other words, the distance from a
region of high field to a region of low
field can be made extremely small. This
characteristic is particularly useful when
auxiliary apparatus is sensitive to a mag-
netic field or when rapidly decaying ele-
mentary particles are being studied.

A second basic property of the super-
conducting state that affects magnet
design was discovered in 1933 by the
German physicists W. Meissner and

R. Ochsenfeld. They found that certain
superconducting materials completely
exclude an external magnetic field. A
few years later Fritz and Heinz Lon-
don developed a macroscopic theory of
the phenomenon of superconductivity in
which they predicted that the magnetic
field decreases very rapidly inside a su-
perconductor, falling to a third of its
surface value at a distance of approxi-
mately a hundred-thousandth of a cen-
timeter below the surface. The exact dis-

TWO TYPES OF SUPERCONDUCTOR can be distinguished by
the way they behave in an external magnetic field (arrows). The
Type I superconductor (top) totally excludes the magnetic field up
to a certain point, called the critical field, whereupon the sample sud-
denly loses all trace of superconductivity and the field penetrates
fully iuto the interior of the material (top center). The Type II
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superconductor (bottom), predicted on theoretical grounds in
1957, excludes the magnetic field only until some lower critical
field is reached, at which point partial field penetration takes place
(bottom center). Beyond a second, upper critical field penetration
is complete and the sample loses superconductivity (bottom right).
The drawings represent portions of a theoretically infinite cylinder.
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tance varies slightly from one supercon-
ductor to the next and is known as the
characteristic penetration depth of the
material. A comprehensive microscopic
theory of the superconducting state,
in which the observable properties are
explained in terms of the coherent
movement of pairs of electrons over
macroscopic distances, was put for-
ward in 1957 by John Bardeen, L. N.
Cooper and J. R. Schrieffer of the Uni-
versity of Illinois.

The exclusion of a magnetic field from
a superconducting material (the Meiss-
ner effect) constituted the first serious
obstacle to the operation of high-field
superconducting magnets: beyond a cer-
tain point a magnetic field tends to pene-
trate the superconducting material and
destroy its superconductivity. As early
as 1930, however, the Dutch investiga-
tors W. J. de Haas and ]. Voogd dis-
covered that some alloys of lead and
bismuth retain a trace of superconduc-
tivity in magnetic fields higher than 20,-
000 gauss. This finding led to several
unsuccessful attempts to fabricate super-
conducting magnets in the early 1930’.
It was not until 1955, however, that G.
B. Yntema, then at the University of
Illinois, succeeded in operating an 8,000-
gauss superconducting magnet made of
niobium wire wrapped around an iron
core. Shortly thereafter workers at the
Westinghouse Research Laboratories
built the first successful air-core super-
conducting magnet. In 1960 a small air-
core superconducting magnet designed
for use in a solid-state maser was built
by Stanley A. Autler, then at the Lincoln
Laboratory of the Massachusetts Insti-
tute of Technology.

It was Autler’s magnet that apparent-
ly stimulated the widespread interest in
the practical applications of supercon-
ducting magnets. An intensive effort
was begun to discover new supercon-
ducting alloys that would be capable of
sustaining much higher magnetic fields
than were possible with pure niobium.
Several such alloys were discovered dur-
ing the early 1960’s by workers at the
Bell Telephone Laboratories. The stage
was set for the decisive technical
achievements of the past few years.

Al the known bulk superconductors can

now be divided into two categories,
called Type I superconductors and Type
II superconductors. The two types are
distinguished from each other by the
way they behave in an external magnetic
field [see bottom illustration on opposite
page]. In the case of a Type I supercon-
ductor the magnetic field is totally ex-
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cluded from the interior of the super-
conductor up to a certain point, known
as the critical field, whereupon the sam-
ple suddenly loses all trace of super-
conductivity and the magnetic field
penetrates fully into the interior of the
sample. This transition is reversible:
when the external field is reduced below
the critical field, the field is again ex-
pelled from the sample and the sample
reenters the superconducting state. For
Type I superconductors the highest
known critical fields are only on the
order of 1,000 gauss, making these ma-
terials unsuitable for use in high-field
superconducting magnets.

In a Type II superconductor, on the
other hand, something quite different
happens. The external field is excluded
until some lower critical field is reached,
at which point partial field penetration
occurs. The penetration increases until
a second, upper critical field is reached,
at which point penetration is complete
and the sample loses all trace of super-
conductivity.

The existence of Type II supercon-
ductors was predicted in 1957 by the
Russian physicist A. A. Abrikosov, who
had extended earlier theoretical work by
V. L. Ginzburg and L. D. Landau. Evi-
dence derived from extensions of Abri-
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kosov’s work suggests that certain Type
IT superconductors may have upper crit-
ical fields as high as 300,000 gauss. As
new Type II alloys are developed there
is every reason to suppose that super-
conducting magnets capable of produc-
ing fields approaching this value will be
built in the next few years.

The essential difference between the
two types of superconducting material
can be stated in terms of the relative
values of two factors: field-penetration
depth and coherence distance. The pen-
etration depth, as we have mentioned, is
the distance into a superconductor to
which a small external field penetrates,
typically about a hundred-thousandth of
a centimeter. The specific distance de-
pends on the number of superconduct-
ing electrons available in the material.
The coherence distance can be regarded
as the smallest distance over which the
number of superconducting electrons
can change. This distance is typically
about a ten-thousandth of a centimeter
in a very pure Type I superconductor; it
decreases rapidly as the materials are
made less pure. When the ratio of the
penetration depth to the coherence dis-
tance is small, it is energetically unfavor-
able for an external magnetic field to
penetrate the superconductor. When the
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ratio exceeds a certain value (1/4/2),
the energy balance changes; for fields
stronger than the lower critical field of a
Type II superconductor this leads to
partial field penetration accompanied by
the division of the superconductor into
high-field regions and low-field regions.

Abrikosov’s solution of the problem of
field penetration showed that penetra-
tion could be expected to occur in dis-
crete units of magnetic flux called flux
quanta. He estimated the strength of
each of these units to be two ten-mil-
lionths of a gauss per square centimeter.
Experiments designed to search for such
flux quantization have since verified that
the {lux quantum is indeed two ten-mil-
lionths of a gauss per square centimeter.
Inside a Type II superconductor the flux
quanta form an array of high-field re-
gions embedded in a nonmagnetic, su-
perconducting matrix. The presence of
such a lattice of flux lines was confirmed
in 1964 by experiments performed at the
Center for Nuclear Studies at Saclay in
France. Workers there used the flux lat-
tice as a diffraction grating for scattering
a beam of slow neutrons. The spatial ar-
rangement of the flux lines could be in-
ferred from the angular distribution of
the scattered neutrons.

A further consequence of Abrikosov’s
calculations is the prediction that the
upper critical field of a Type II super-
conductor will be proportional to the
ratio of the field-penetration depth to
the coherence distance. Since this ratio
is increased by using impure materials,
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it is apparent that the superconducting
alloys best suited for a magnet will be
those whose electrons have a short mean
free path, which indicates that they will
be alloys with a large number of scatter-
ing centers and hence a rather high elec-
trical resistance in the normal, nonsuper-
conducting state.

This picture of Type II superconduc-
tors unfortunately has certain limita-
tions, the most important of which is
that the idealized Type II superconduc-
tor described by Abrikosov’s theory has
no surface and therefore is not able to
carry an electric current without resist-
ance. This conclusion arises from the
fact that the force exerted on the uncon-
fined flux lines by a current can cause
the lines to move, thereby generating a
voltage and hence a resistance. Several
suggestions have been made to circum-
vent this difficulty and to modify Abri-
kosov’s theory so as to describe real
Type II superconductors. The most
promising approach has been developed
by workers at the Bell Laboratories and
the General Electric Research Labora-
tory; it is based on the idea that in a
Type II superconductor capable of car-
rying a large current the quantized flux
lines cluster together to form micro-
scopic “flux bundles.” These bundles are
“pinned” to definite sites in the super-
conductor by impurities and defects and
can therefore withstand the forces ex-
erted by a current flowing through the
material. As the current is increased the
forces on the flux bundles grow, until

HEAT SHIELD

eventually the bundles begin to “jump”
over the pinning barriers. This process,
known as “flux-jumping,” produces lo-
calized heating, which lowers the pin-
ning barriers and may lead to a runaway
process capable of destroying the sam-
ple’s superconductivity. In designing
superconducting magnets a number of
techniques have been developed to mini-
mize the effect of flux-jumping. In gen-
eral it has been found that materials that
have been mechanically worked, and
hence have more defects in their crystal
lattices to serve as pinning sites, can sus-
tain higher critical currents than un-
worked materials can.

I,laving outlined some of the charac-

teristics required of any supercon-
ductor for service in a high-field super-
conducting magnet, we shall now discuss
a few of the materials that have been
found to possess these characteristics.
To date only three such materials are
commercially available: an intermetallic
compound of niobium and tin (NbSn)
and two metallic alloys, niobium-zir-
conium (Nb-Zr) and niobium-titanium
(NDb-Ti).

The usefulness of a particular super-
conducting material depends on a num-
ber of factors. The temperature at which
a material becomes superconducting
(known as the transition temperature)
must be appreciably higher than the
temperature of liquid helium (4.2 de-
grees Kelvin, or degrees centigrade
above absolute zero), so that maintain-

QUADRUPOLE COILS

COLD
ALUMINUM
WINDOW

PROTON-FOCUSING MAGNET IS COOLED by installing it in a

Dewar, an insulating vessel that contains liquid helium at 4.2 de-
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grees Kelvin (degrees centigrade above absolute zero). The foil
windows reduce the flow of radiant energy into the cold bore.



ing the sample in the superconducting
state is not too difficult. The material
must also be capable of carrying large
currents in the presence of a high mag-
netic field, and it must be at least reason-
ably easy to fabricate into magnet coils.

The relation of current to magnetic
field in a particular superconductor is
usually represented by a curve that
shows the maximum current density a
short sample of the material will carry as
a function of an externally applied mag-
netic field. Typical curves for the three
most common superconducting materi-
als—niobium-tin, niobium-zirconium and
niobium-titanium—are given in the il-
lustration on page 117.

The highest field at which any trace
of superconductivity remains is an in-
trinsic property of the material and does
not depend on the method of fabrica-
tion to any great extent. The critical cur-
rent, however, depends markedly on the
metallurgical procedures used to make
the material, particularly on the method
of heat treatment. For this reason there
is a large spread in the current v. field
curves for any given superconductor.
The niobium-zirconium alloys provide
rather large current densities up to fields
of about 60,000 gauss. The niobium-
titanium alloys are useful to about 90,-
000 gauss, whereas with niobium-tin it
should be possible to achieve fields ap-
proaching 200,000 gauss.

Because niobium-tin permits such
high fields as well as larger current den-
sities at low fields, it would appear that
this material is the obvious choice for
all magnet applications. The current v.
field curves, however, fail to take into ac-
count problems of fabrication and the
cost of materials. Niobium-zirconium
and niobium-titanium are strong ductile
alloys that can be easily fabricated. Nio-
bium-tin, on the other hand, is an ex-
ceedingly brittle compound and requires
highly specialized fabrication tech-
niques. Recent advances in those tech-
niques have made niobium-tin competi-
tive throughout the range of magnetic
fields, and it is expected that further re-
ductions in cost arising from mass pro-
duction will eventually lead to the use
of niobium-tin for almost all applica-
tions.

A number of promising techniques
have been developed for producing nio-
bium-tin magnet coils. In some of these
techniques the intermetallic compound
is actually formed after the coil has been
wound, when the entire magnet is heat-
treated. This procedure, however, gen-
erally results in a magnet that cannot be
unwound if some part should fail. An-
other technique allows the conductor to

FOUR CONCENTRIC COILS are employed to generate the field inside the bore of this
superconducting magnet, used at Brookhaven to measure the gyromagnetic ratio of the neg-
ative xi particle (5~ ). The four sections can be powered separately to produce a maximum
field of 125,000 gauss. Short-circuiting switches that allow the magnet to operate without
power once the field is established are housed in the insulating ring around the magnet.

be flexed in its superconducting form by
the stratagem of coating a thin metallic
ribbon with an extremely thin layer of
niobium-tin. The thinness of the nio-
bium-tin allows it to be bent around a
diameter of less than an inch without
damage.

In either case a large fraction of the
cross-sectional area in a niobium-tin
magnet is devoted to inert material. As
a result the overall packing of the mag-
net is comparatively poor: only about 15
percent of the total cross-sectional area
of a typical niobium-tin magnet is super-
conducting. Nevertheless, because of the
large current-carrying ability of niobi-
um-tin, the average current density in a
niobium-tin coil can be considerably
higher than the maximum current densi-
ty attainable with coils made of the two
alloy superconductors, even at lower

fields.

Given the appropriate current v. field

curves and an adequate supply of
superconducting wire, it would appear a
trivial matter to proceed to wind a sole-
noid, or helical coil magnet, capable of
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producing any desired magnetic field up
to the critical field of the wire. Unfor-
tunately things are not so simple, and
several new difficulties appear at this
stage. The main problem can be sum-
marized by the term “current degrada-
tion,” which means that the current in a
solenoid is considerably less than what is
expected from measurements of short
pieces of wire. At first current degrada-
tion was blamed on flaws in the wire,
but it soon became apparent that the
effect was more fundamental. Coils
made from niobium-zirconium alloys, for
example, often show an effect known as
“training,” in which the critical current
of the coil increases each time the coil is
“quenched” (that is, returned to the non-
superconducting state). At a certain max-
imum current, which is still much less
than the critical current of a short piece
of wire, an additional quenching may
cause the coil to revert to a lower criti-
cal current and begin the cycle again.
This difficulty is compounded by the
fact that the magnetic field produced by
a superconducting solenoid does not al-
ways stay in direct proportion to the
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COMPOSITE SUPERCONDUCTORS commonly used in winding high-field magnets are
shown in cross section. In each case the superconducting material is in color. The two cables
(a, b) are composed of wires a hundredth of an inch thick. The two ribbons (c, d) are about
half an inch wide and four-hundredths of an inch thick. They are not drawn to scale.

current flowing through the coil. As we
have mentioned, the flux bundles some-
times jump abruptly. These local discon-
tinuities in field strength are intimately
related to current degradation. Flux
jumps represent energy that is deposited
in the coil, a process that can raise the
temperature of a local region above the
transition temperature of the supercon-
ductor. The renewed electrical resistance
of this region causes additional heating,
which in turn can trigger a quenching of
the entire solenoid.

Another problem encountered in de-
signing a superconducting magnet is
how to dissipate the energy of the mag-
netic field when the coil is quenched.
This energy must either be distributed
evenly throughout the volume of the
solenoid in order to prevent local “hot
spots” or, if possible, be released outside
the Dewar, or cooling vessel, by means
of a protective circuit. It is interesting
to note in this respect that the energy
stored in a superconducting magnet can
be very large indeed, and that this
energy can be liberated quickly by
breaking the superconducting circuit. A
superconducting magnet is an efficient
energy-storing device, comparable to a
bank of electrical capacitors or a fly-
wheel.

In brief, the magnet designer is faced
with two basic problems: first, to fabri-
cate a coil that approaches as nearly as
possible the theoretical maximum field
that can be obtained for the particular
geometry and superconductor used, and
second, to build a device that can be
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cycled repeatedly without being per-
manently damaged. One technique that
enables current degradation to be par-
tially overcome depends on a concept
known as “field stabilization.” It has
been known for some time that if a
superconducting solenoid is placed in
an external applied field, the critical
current can be raised to a value higher
than the value obtained in the absence
of the external field. As the applied field
is increased, the current in the solenoid
will also increase until it reaches the
theoretical maximum value for the sole-

noid’s field plus the applied field.

To take advantage of this situation a
solenoid can be built in two or more
concentric sections, and the outer sec-
tions can be used to apply a “stabilizing”
field to the inner sections. This method of
construction results in only the outer sec-
tions of the compound coil’s operating at
the degraded current. It has the addi-
tional advantage that for very-high-field
coils, where the critical current in a
short piece of wire may be lower than
the degraded current, only the center,
or high-field, sections have to be oper-
ated at this low current, allowing the
outer sections to be used more efficient-
ly. The disadvantages of such a system
are the added complexity of the ener-
gizing procedure and the need for sever-
al power supplies.

For very large coils, in which the prob-
lem of current degradation is most se-
vere, an interesting solution has been de-
vised by Charles Laverick of the Argonne
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National Laboratory. By placing a num-
ber of small niobium-zirconium wires to-
gether and coating the resulting cable
with a good conductor such as indium,
he has produced a very strong high-
current conductor that has been used
to wind a solenoid magnet capable of
producing 45,000 gauss in a bore of
11 inches. The indium coating reduces
the effect of flux jumps, thereby mini-
mizing current degradation, and also
provides shunting paths to prevent high
voltages from developing when the
magnet quenches. Z. J. J. Stekly and
A. R. Kantrowitz of the Avco Everett
Research Laboratory have carried this
technique one step further. By provid-
ing enough normally conducting ma-
terial around the superconductor the lo-
cal temperature can be prevented from
exceeding the transition temperature of
the superconductor. Such a coil does not
quench when the magnet current ex-
ceeds the critical current; instead a small
voltage, created by the resistance of the
shunting material around the supercon-
ductor in the highest field region, which
quenches first, appears across the coil
when the critical current is exceeded. In
operation the current in the magnet is in-
creased until a small voltage is observed
across its terminals, and then the cur-
rent is reduced until this voltage dis-
appears. The disadvantage of this type
of stabilization is the very poor ratio
of superconductor to normal material,
which makes the technique applicable
only to magnets with large bores.

At Brookhaven we have recently dis-
covered another type of stabilization
that works well with niobium-tin rib-
bon. By pumping the liquid helium sur-
rounding the magnet the temperature
can be reduced below 2.18 degrees K.,
whereupon the helium goes into a “su-
perfluid” phase. In the superfluid state
the effective thermal conductivity of liq-
uid helium can be 10,000 times as large
as copper and its viscosity very small,
enabling the helium to flow into con-
fined spaces. These properties doubtless
account for the fact that in superfluid
helium the performance of solenoids is
considerably improved. This is particu-
larly true of solenoids in which supercon-
ductivity is degraded, but a substantial
increase can be gained even for magnets
that operate at the maximum current of
a short piece of wire at 4.2 degrees K. In
one case we have used this technique to
increase the maximum field of a solenoid
from 86,000 gauss at 4.2 degrees K. to
98,000 gauss at 1.3 degrees K. The ef-
fect of flux-jumping is also reduced when
the magnet is operated in superfluid
helium.



Since superconductors have no re-
sistance and do not consume power, if
the terminals of a superconducting sole-
noid are short-circuited by another su-
perconductor, the current in the coil,
once established, will flow indefinitely
and the magnetic field will remain
absolutely stable. In order to establish
the initial current, however, the super-
conducting short circuit must be capa-
ble of being switched off. The switch-
ing action is usully accomplished by
providing a section of superconducting
wire between the solenoid terminals
with a heater. To energize the solenoid
the heater is turned on, raising the tem-
perature of the section of short-circuiting
wire above the transition temperature,
so that the wire is no longer supercon-
ducting. The solenoid current is then
raised to the desired value, the heater is
switched off and the power-supply cur-
rent is reduced to zero, leaving the cur-
rent to circulate endlessly through the
solenoid and switch.

he fields that can be achieved with

superconducting magnets are rapid-
ly increasing in strength. To date fields
as high as 140,000 gauss have been pro-
duced, and there is every reason to ex-
pect fields of from 150,000 to 175,000
gauss within a few months. Because the
stress exerted by the magnetic field on
the wire in the magnet increases as the
square of the field, it becomes important
at the higher fields to consider the me-
chanical strength of the materials that go
into the magnet. In a 50,000-gauss mag-
net used at Brookhaven for neutron-scat-
tering experiments, in which the neu-
trons must enter and leave the magnet
at right angles to the field, the magnet is
split into two sections; these must be
held apart by materials that do not un-
duly attenuate the neutron beam and
yet are sufficiently strong to withstand
the force of about five tons acting to pull
the magnet sections together.

Much effort has been expended in re-
cent years to produce special types of
magnets. For example, by building long
solenoids equipped with corrective wind-
ings it has proved possible to produce
fields as high as 60,000 gauss that vary in
strength only a few parts per million
across a volume of more than a cubic
inch. A field of such high homogeneity is
valuable in studies of nuclear magnetic
resonance, in which the strength of the
resonant signal depends critically on the
uniformity of the field. A disadvantage of
superconducting magnets for such ap-
plications lies in the slight residual fields
of a few percent of the maximum field
that remain after the magnet has been

WORLD’S LARGEST SUPERCONDUCTING MAGNET is shown being assembled at the
Avco Everett Research Laboratory. The eight-ton magnet generates a 40,000-gauss magnetic
field in a space five feet long and a foot in diameter. It is capable of storing five million
joules of energy, or the equivalent of nine sticks of dynamite. The magnet is a working
model of a type designed to be used in a large-scale magnetohydrodynamic power generator.
Its windings consist of 20 saddle-shaped coils similar to the one visible in the foreground.

SADDLE-SHAPED COILS employed in the magnet shown at the top of the page set up a
field that is perpendicular to the axis of the bore. Only two simplified windings are shown.
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turned off. This residual flux disappears,
of course, when the magnet is heated
above its superconducting transition
temperature.

For certain applications uniformity of
field is not significant, but it is important
that the distance from the high-field re-
gion to the outside of the helium Dewar
be minimized. This requirement is of
special importance in studies utilizing
the Mossbauer effect, now a standard
approach to many problems in solid-
state and nuclear physics. The ability of
superconducting magnets to provide
large fields in small devices reduces the
size of the radioactive source required

LIQUID HYDROGEN

for such studies, thus making possible
certain experiments that would other-
wise not be feasible. In an apparatus
being used in the laboratory of one of the
authors (Craig) the distance from the ex-
perimental region containing a 60,000-
gauss field to a radiation detector is less
than two inches. This is about a fifth
of the distance attainable with conven-
tional magnets.

Recently superconducting magnets
have begun to play an increasingly im-
portant role in high-energy physics. One
of the most obvious applications is in
liquid-hydrogen bubble chambers, in

which the liquid-helium system required

===, SUPERCONDUCTING
COILS

LIQUID HELIUM

PROPOSED BUBBLE CHAMBER designed for use at the Brookhaven synchrotron will
incorporate large superconducting magnetic coils with an inside diameter of 16 feet. The
liquid-helium cooling system required for the superconducting coils could be integrated
with the system already required to prepare the liquid hydrogen for the chamber. The
large diaphragm at the bottom of the chamber is designed to reduce the pressure suddenly

in the chamber, so that the incoming particles can produce bubbles in the liquid hydrogen.
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for the superconducting coils can be par-
tially incorporated in the existing cool-
ing apparatus of the chamber. Chambers
as large as 14 feet in diameter are in the
design stage, and it is probable that they
will employ superconducting magnets
with an inside diameter as large as 16
feet and an energy-storage capacity as
high as 10% joules.

The bending and focusing magnets
used to direct the beam produced by a
p;n'ticle accelerator to an experiment re-
quire enormous amounts of power. At
the Brookhaven alternating-gradient syn-
chrotron considerably more power is con-
sumed by the beam-handling apparatus
than by the synchrotron itself! Studies
are in progress aimed at producing su-
perconducting versions of these mag-
nets. The higher fields and field gradi-
ents that can be achieved with the
superconducting magnets will make it
possible to analyze and focus the beams
in much shorter distances than had
previously been feasible, a fact of con-
siderable importance where short-lived
particles are involved. The model super-
conducting quadrupole focusing magnet
shown on page 114 produces a field
gradient approximately five times as high
as those obtained with a conventional
magnet. Ultimately we expect that su-
perconducting magnets will be used in
the operation of the accelerator itself. By
bending the paths of the charged parti-
cles in tighter circles, high-field super-
conducting magnets may help to reduce
the size of future accelerators.

There are also specific experiments
in high-energy physics in which super-
conducting magnets can be used to good
advantage. We have built a supercon-
ducting solenoid that is being employed
at Brookhaven in an experiment to mea-
sure the gyromagnetic ratio of the nega-
tive xi particle (7). The purpose of the
magnet is to produce the largest product
of field times distance along the flight
path of the particles. A superconducting
magnet was used because it would have
been impossible to produce the required
direct-current field by any other means
in the very small space available. The
magnet is constructed in four concentric
sections and produces a maximum field
of 125,000 gauss.

Up to this point we have confined

our discussion to applications of
high-field superconductors that are ei-
ther under development or are known
to be feasible on the basis of present
knowledge. Because of the rapid prog-
ress in this field it is worth mentioning
a few of the more speculative possibili-
ties. Perhaps the most exciting area for



possible future applications of this new
technology is space research. Studies in
this area have been pioneered by a
group at Avco. They have considered
in detail the problem of energy storage
and conclude that there exists a funda-
mental relation between the energy that
can be stored in a magnetic field and
the weight of the structure required to
support the magnetic forces. This rela-
tion states that the minimum magnet
weight equals the energy stored in the
field times the density of the magnet
material divided by the tensile strength
of the material. Under favorable condi-
tions a magnetic energy-storage device
for use in outer space could be about 10
percent as efficient a storage device as
TNT. In a magnet, however, the stored
energy can be converted directly into
electrical energy rapidly and with high
efficiency.

Another space application with even
more promise is magnetic radiation
shielding. One of the most severe prob-
lems that will arise on long missions in
outer space is that of protecting the
crew from the intense flux of high-energy
particles produced by solar flares. The
conventional solution to this problem
calls for massive armor plating. A much
more promising approach is to deflect
the charged particles away from the
space vehicle by charging the vehicle
to a high electrical potential. This can
be accomplished by surrounding the ve-
hicle with a cloud of electrons moving in
a magnetic field strong enough to keep
the electron orbits close to the space
vehicle. Calculations by the group at
Avco show that by using supercon-
ducting magnets such shielding can be
achieved with a weight saving of a factor
of 20 over conventional shielding.

A final area of space research in
which superconductors might be used
is in the reentry of a space vehicle into
the earth’s atmosphere. A large magnetic
field could produce hydromagnetic drag
in the cloud of ionized air the vehicle
produces as it enters the atmosphere.
With hydromagnetic braking the kinetic
energy of the vehicle would be absorbed
through the magnetic field rather than
through heating of the vehicle itself, with
the result that the total weight required
to protect the vehicle from overheating
and destruction could be markedly re-
duced.

In any case, it is already clear that
superconducting magnets are competi-
tive with even the most sophisticated
alternative techniques for producing
strong, stable magnetic fields, and that
for many experimental purposes they
offer unique advantages.

s

July 28, 1966
Questar Corporation
New Hope, Penna.
Gentlemen:

1 have now had a fair number of clear
good-seeing nights since purchasing the
Questar and can furnish you with some de-
tailed observational results I've obtained.
All of the planetary observations here men-
tioned have been forwarded to the Asso-
ciation of Lunar & Planetary Observers
(ALPO) of which I am a member. You
may quote anything I say here.

Double Stars: Zeta Bootis (1.2 seconds of
arc) and the closer component of Nu Scorpii
(1.0 second) are both easy at 160x with
good seeing. Eta Coronae Borealis, which is
now only 0.5 sec., is more difficult, but not
as severe a test as I had expected. Based on
the above I would say that, given optimum
conditions, Questar could detect doubles at
0.4 sec. separation or even less.

Planets: Unfortunately, Jupiter was in poor
position in April and May for good viewing
as it was only 25° or less above the western
horizon. Despite this I saw delicate detail in
the NEB-EZ-SEB regions at 160x when Jupi-
ter was only 15° from the horizon. I was not
able to follow the detail due to bad weather
on other occasions.

Saturn is another story. I have been ob-
serving it since early June and the results
are amazing. On June 17, only 2 days after
the sun passed through the ring plane, I de-
tected the rings! This is truly a feat, since
in the Questar light is lost in passing through
all the glass elements. On Saturn’s disk, de-
tail in the EZ seems almost to merge with
the rings where they cross the ball. The
space between this detail (very faint) and
the ring (very dark across the ball) cannot
be more than 0.3 to 0.5 sec. Yet at 200x and
160x Questar separates them. Mr. Hal Metz-
ger, a charter ALPO member with 35 years
of planetary observing, required a 6” f/12.5
and an 8” £/6 to do this same thing. He was
astounded that the Questar did it. My report
reached him first and he confirmed every de-
tail. This latter observation took place on
July 23, 1966. Both of his telescopes’ mirrors
are by Joe Frisch. His 4%2” reflector is too.

Moon: 1 have detected craterlets in Plato
(fairly easy) and also Archimedes (more
difficult) at 160x. Also I recently delineated
Hyginus N, a shallow craterlet north of the
well-known Hyginus. I also saw Linné as a
small pit standing on a dome.

In stellar observation the 12th-magnitude
star following the Ring Nebula is not diffi-
cult, and I have penetrated to below 13th
magnitude with Questar. My biggest surprise
came on Deep-Sky objects. I had expected
Questar to give only dim views of them, due

WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE. FROM $795. SEND
ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE INNORTH AMERICA. BY
AIR TO REST OF WESTERN HEMISPHERE, $2.40. EUROPE AND NORTH AFRICA,

$2.50. AUSTRALIA AND ALL OTHER PLACES, $3.50.
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QUESTAR RECEIVES

A LETTER

to its 3%2” aperture, but instead the superb
contrast and very dark field give very vivid
views of these objects. We have seen stars
resolved right across the center of M13 and
M5 at 96x. Bill McHugh saw this too. Of
course, the dark sky at my location helps a
great deal. The center of MS57 is not dark,
but pale and nebulous, indicating that we
are seeing some of the nebulosity there.

The above are samples from my observing
book of the results I have had. I am sure
you will be interested in these observations,
especially the lunar and planetary ones, be-
cause this is my specialty and my eyes are
trained for it.

Sincerely yours,

Rodger W. Gordon

QUESTAR NOTES

A Questar is on exhibit at the Hayden Planetarium
in the American Museum of Natural History, New
York City, in conjunction with the work of Robert
T. Little, an amateur astronomer and photographer
who takes pictures of a professional quality with his
Questar and Nikon camera.

Three cases in the upper hall of the Planetarium
contain a display of his beautiful photographs of star
clusters and clouds of glowing gas in our galaxy, and
of some of our extragalactic neighbors. Included are
the Horsehead Nebula and Great Nebula in Orion,
the Trifid and Lagoon Nebulae, and the Great Galaxy
in Andromeda. These were taken with a special setup,
using a Nikon camera and lens and the Questar as a
guide ‘scope, its drive powered by the Varitrac. Ex-
posures were as long as 45 minutes.

Photographs taken with the telescope, showing fine
detail on the moon, are also on display.

The exhibit will continue through June.
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QUESTAR

BOX 20, NEW HOPE, PENN, 18938
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MATHEMATICAL GAMES

An array of problems that can be solved

with elementary mathematical techniques

by Martin Gardner

nly an elementary knowledge of
O mathematics is needed for solving

any of the following problems.
We begin with a collection of a dozen
“quickies” and close with a combinatorial
problem that is the most difficult of the
lot. The answers will be given next
month.

1.

1. The square root of any number n is
always smaller than n. True or false?

2. Why are 1963 pennies worth al-
most $20?

3. In the sequence of integers 1, 2, 3,
4... are there two prime numbers sepa-
rated by exactly 10 composite (non-
prime) numbers? (Supplied by Edwin M.
McMillan.)

4. Alan W. Wolff of Sacramento,
Calif, writes (I quote from a let-
ter): “I am the only registered civil en-
gineer in the state of California who has
a twin brother who is also a registered
civil engineer in California.” Explain.

5. How many outs are there in one
inning of baseball?

6. Volume I, two inches thick, stands
on a shelf to the left of Volume II, which
is an inch and a half thick. These dimen-
sions include the covers, which are an
eighth of an inch thick. A tiny worm
starts on the first page of Volume I and
eats his way horizontally until he reaches
the last page of Volume II. How far does
he go?

7. Without doing the multiplication,
prove that 12345678902 — (1234567889
x 123456791) = 1. (Contributed by
Stephen Barr.)

8. Does a tetrahedron have four or
five faces? Answer yes or no.

9. Write the digits 9 to 1 in order,
backward.

10. The integers 1, 3, 8 and 120 form
a set with a remarkable property: the
product of any two integers is one less
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than a perfect square. Find a fifth num-
ber that can be added to the set without
destroying this property.

11. A telephone call interrupts a man
after he has dealt about half of the cards
in a bridge game. When he returns to the
table, no one can remember where he
had dealt the last card. Without learning
the number of cards in any of the four
partly dealt hands, or the number of
cards yet to be dealt, how can he con-
tinue to deal accurately, everyone get-
ting exactly the same cards he would
have had if the deal had not been inter-
rupted?

12. What four-letter word ends in
“eny’!

2.

A college girl has the unusual palin-
dromic name Nora Lil Aron. Her boy-
friend, a mathematics major, was bored
one morning by a dull lecture and
amused himself by trying to compose a
good number cryptogram. He wrote his
girl’s name in the form of a simple multi-
plication problem:

NORA

L

ARON
Was it possible to substitute one of the
10 digits for each letter and have a cor-
rect product? He was amazed to discover
that it was, and also that there was a
unique solution. The reader should have
little trouble working it out. It is assumed

that neither four-digit number begins
with zero.

3.

A weird cover design decorated a
booklet that William G. Harter, now a
candidate for a doctorate in physics at
the University of California at Irvine,
prepared for a National Aeronautics and
Space Administration seminar on group
theory that he taught last summer at
NASA’s Lewis Research Center in Cleve-
land [see illustration at right]. The
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“dragon curve,” as he calls it, was discov-
ered by his NASA colleague, physicist
John E. Heighway, and later analyzed
by Harter, Heighway and Bruce A.
Banks, another NASA physicist. The
curve is not connected with group theo-
ry, but it was used by Harter to sym-
bolize what he calls “the proliferation of
cryptic structure that one finds in this
discipline.” It is drawn here as a fantastic
path along the lattice lines of graph pa-
per, with each right-angle turn rounded
off to make it clear that the path never
crosses itself. You will see that the curve
vaguely resembles a sea dragon paddling
to the left with clawed feet, his curved
snout and coiled tail just above an
imaginary waterline.

The reader is asked to find a simple



method of generating the dragon curve.
Next month I shall explain three: one
based on a sequence of binary digits, one
on a way of folding paper and one on a
geometric construction. It was the sec-
ond procedure that led to the discovery
of the curve. I shall also explain the sig-
nificance of the 12 colored spots, which
indicate that this is a dragon curve of
order-12. They happen to lie on a loga-
rithmic spiral, although this was not
noticed until later and it plays no role in
the construction of the curve.

+.

Polyominoes are shapes formed by
joining unit squares. A sing]e square is a
monomino, two squares are a domino,

three can be combined to make two types
of trominoes, four make five different
tetrominoes, five make 12 pentominoes,
and so on. I recently asked myself: What
is the lowest order of polyomino four
replicas of which can be placed so that
every pair shares a common border seg-
ment? I believe, but cannot prove, that
the octomino is the answer. Five solu-
tions were found by John W. Harris of
Santa Barbara, Calif. [see illustration on
next page]. If each piece is regarded as
a region on a map, each pattern clearly
requires four colors to prevent two bor-
dering regions from having the same
color.

Let us now remove the restriction to
four replicas and ask: What is the lowest
order of polyomino any number of rep-

A “dragon curve” of the 12th order
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licas of which will form a pattern that
requires four colors? It is not necessary
for any set of four to be mutually con-
tiguous. It is only necessary that the rep-
licas be placed so that, if each is given a
color, four colors will be required to pre-
vent two pieces of the same color from
sharing a common border segment. Re-
gions formed between the replicas are
not considered part of the “map.” They
remain uncolored. The answer is a poly-
omino that is of much lower order than

eight.

5.

An amusing double problem was given
by D. Mollison of Trinity College, Cam-
bridge, in a 1966 problems contest for
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John W . Harris’ octomino arrangements
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members of the Archimedeans, a Cam-
bridge student mathematics society. The
first question: What is the maximum
number of points that can be placed on
or within the figure shown on the oppo-
site page, provided that no two points
are separated by a distance that is less
than the square root of 2P The second
question: In how many different pat-
terns can this maximum number of points
be placed, not counting rotations and re-
flections of patterns as being different?
The dotted lines were added to the figure
to show that it is formed by a unit square
surrounded by four half-squares.

6.

While your back is turned a friend
places a penny, nickel and dime on the
table. He arranges them in any pattern
of heads and tails provided that the three
coins are not all heads or all tails.

Your object is to give instructions,
without seeing the coins, that will cause
all three to be the same (all heads or all
tails). For example, you may ask your
friend to reverse the dime. He must then
tell you whether you have succeeded in
getting all the coins alike. If you have
not, you again name a coin for him to
turn, This procedure continues until he
tells you that the three coins are the
same.

Your probability of success on the first
move is 1/3. If you adopt the best strat-
egy, what is your probability of success
in two moves or fewer? What is the
smallest number of moves that guaran-
tees success on or before the final move?

The reader should find those questions
easy to answer, but now we complicate
the game a bit. The situation is the same
as before, only this time your intent is to
make all the coins show heads. Any ini-
tial pattern except all heads is permitted.
As before, you are told after each move
whether or not you have succeeded. As-
suming that you use the best strategy,
what is the smallest number of moves
that guarantees success? What is your
probability of success in two moves or
fewer, in three moves or fewer, and so
on up to the final move at which the
probability reaches 1 (certainty)?

7.

Ten soldiers, no two of them the same
height, stand in a line. There are 10!, or
3,628,800, different ways the men can
arrange themselves, but in every arrange-
ment at least four soldiers will form
a series of ascending or descending
heights. If all but those four leave the
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line, the four will stand like a row of
panpipes.

You can convince yourself of this by
experimenting with 10 playing cards
bearing values from ace to 10. The values
represent the height order of the soldiers.
No matter how you arrange the 10 cards
in a row, it will always be possible to pick
out at least four cards (there may, of
course, be more) in ascending or de-
scending order. Suppose, for instance,
you arrange the cards in the following
order: 5,7,9, 2, 1, 4, 10, 3, 8, 6. The set
5,7,9, 10 is in ascending order. Can you
eliminate such a set by moving, say, the
10 to between the 7 and the 9? No, be-
cause you then create the set 10, 9, 8, 6,
which is in descending order.

Let p (for panpipe) be the number of
the largest set of soldiers that will always
be found in order in a row of n soldiers
of n different heights, no matter how
they arrange themselves. The problem—
and it is not easy—is to prove that if n
equals 10, p equals 4. In doing so you
are likely to discover the general rule by
which the p number is easily computed
for every n.

3.

Every square of a five-by-five chess-
board is occupied by a knight. Is it pos-
sible for all 25 knights to move simul-
taneously in such a way that at the finish
all cells are occupied as before? Each
move must be a standard knight’s move:
two squares in one direction and one
square at right angles.

Readers were asked last month to

search for the winning move of the
first player in a game of kayles, starting
with the Marienbad pattern of four rows
of one, three, five and seven objects. The
only winning move is to take the center
object from the row of five.

The string game, about which two
problems were posed, is isomorphic with
kayles! Allowing strings to have irration-
al lengths seems to complicate the game,
but actually it does not, because any
fraction over an integral length proves
to be irrelevant and can be ignored. Con-
sider a piece of string with a length of

% inches. Snipping one inch at a time
from one end corresponds to removing
one object at a time from the end of a
row of six objects in kayles. The leftover
fraction—in this case 1/2 inch—plays no
role whatever in the game. Snipping an
inch from inside the string, starting, say,
3/4 inch (or any fraction between 1/2
and 1) from the end, corresponds to re-
moving two objects from the end of a row



D. Mollison’s problem

of six in kayles; the 3/4-inch piece ob-
viously plays no further role in the game,
and you are left with a piece of 4%
inches, which is equivalent to a row of
four in kayles. Snipping an inch from the
interior of the 6%-inch piece, an integral
number of inches from one end, corre-
sponds to removing one object from the
interior of a row of six objects in kayles.
Snipping an interior inch that is an in-
tegral number of inches, plus a fraction
between 1/2 and 1, from the end of the
6%-inch piece corresponds to removing
two adjacent objects from inside a row of
six in kayles. A little reflection and test-
ing will soon convince you that every
move in kayles has its counterpart in the
string game and vice versa. Each piece
of string corresponds to a row in kayles
with a number of objects equal to the
number of whole inches in the string.

Once the equivalence of the two
games is recognized, last month’s first
question about the string game is imme-
diately answered. If strings have lengths
of 1, pi (3.144), the square root of 30
(5.47+) and the square root of 50
(7.074), the strings are equivalent to the
Marienbad pattern of rows with one,
three, five and seven objects. The first
player can win, therefore, as explained:
he snips an inch that is two inches from
one end of the 5.47+ string, then con-
tinues with moves that correspond to the
kayles strategy as outlined last month.

If the string game is played with any
number of closed loops, each longer than
two inches, the second player has an easy
win. Whenever his opponent opens a
loop by removing an inch from it, the
second player simply removes an inch
from the exact middle of the same string.
This leaves two equal pieces. As in
kayles, this is a safe pattern, for what-
ever his opponent does to one piece, the
second player does to the other piece.
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Here is a book for every thoughtful
person who has ever wondered how the
computer will change the quality of
life in our society —and for every busi-
nessman, scientist, engineer, adminis-
trator, and educator who would avail
himself of the fantastic promise of in-
formation technology. It contains all
of the articles and many of the illus-
trations from the highly praised Sep-
tember 1966 issue of SCIENTIFIC
AMERICAN, which was devoted to a
comprehensive review of the computer
revolution.

1966, 232 pages, illustrated, cloth-
bound $5.00, paperbound $2.50
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JPL scientists have invented
a solid-state battery
made from a
charge-transfer complex
of iodine and perylene
between
magnesium and
platinum
electrodes,
giving an open circuit
voltage
of 1.5 volts
and a short-circuit
current of 10 milliamperes!

Want to make something out of it?

You're welcome to try at JPL.

Our scientists have discovered the
world's first organic solid-state battery.
But, where do we go from here? We
suspect it can be used for firing space-
craft squibs ... and here on Earth, it
could serve as a heart stimulant device
or a power source for integrated
circuits. But the possible applications
of this battery represent an interesting
challenge to men of science.

At JPL, challenge is the key. The scien-

tific climate for discovery is a major
stimulant to new ideas. Case in point:
the JPL scientists who invented this
battery work in the Propulsion Division.

The invention of this battery is sym-
bolic of the opportunity that exists at
JPL for men who look to the future. Here
is your chance to work with some of the
finest minds in space exploration, while
developing ideas to benefit mankind
on Earth.

The scientific climate at JPLis matched

only by that of Southern California,
where people like you are making things
happen.

You can become a part of the JPL
team. It's your career. Want to make
something out of it? For interview, call
Mr. Wallace Peterson, Supervisor,
Employment, at (213) 354-3830, or send
your resume to:

JET PROPULSION LABORATORY

4802 Oak Grove Dr., Pasadena, Calif. 91103
Attention: Professional Staffing Dept. 3

“An equal opportunity employer.” Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration,
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Make a
good move

.10 JPL

JPL is now interviewing for
opportunities in:

Systems—For computer data system op-
erationsand development to provide engi-
neering and management assistance for a
multi-site, wind-tunnel data acquisition
and processing system.

For design, implementation, conver-
sion of computer programs for real-time
data processing and control function.

For data recovery recognition, editing,
sampling, investigation of special applica-
tion methods for computer use in DSN,
plus program reliability studies.

For participation in the development
of overall spacecraft system designs in-
cluding development of concepts, design
integration of subsystems, formulation of
OSE philosophies and requirements,
participation in flight operations.

For participation in studies of advanced
missions and system concepts. |

Engineering Mechanics — For space-
craft development in materials, structures,
electronic packaging, mechanisms, and
mechanical integration of subsystems.

Programming—For analysis, design and
implementation of projects in the follow-
ing areas: scientific applications, special
data systems, complex operating systems.

For design and implementation of multi-
computer operations.

Telecommunications—For develop-
ment of spacecraft telemetry, command
and data storage systems.

For the design and development of
ground telemetry demodulation-decom-
mutation and command modulation equip-
ment.

For performance prediction analysis
of radar, telecommunications and com-
mand links with satellite or deep space
applications.

For development of ground station sys-
temsfordeepspace tracking and telemetry.

For an interview, call Mr. Wallace
Peterson, Supervisor, Employment, at
(213) 354-3830, or send your resume to:

JET PROPULSION LABORATORY

Uil

“An equal opportunity employer.” Jet Propulsion Laboratory is
operated by the California Institute of Technology for the
National Aeronautics and Space Administration.

4802 Oak Grove Dr., Pasadena, Calif. 91103
Attention: Professional Staffing Dept. 3
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Solution to the “hamstrung squad car” game

Thus the pattern quickly becomes a set
of pairs of duplicate strings, and there-
fore the second player is sure to get the
last inch.

If the starting pattern includes one
closed loop at least an inch long but no
more than two inches long, the first play-
er wins by taking an inch from it and
then playing the strategy just described
with the remaining pieces. It is easy to
see that the first player wins if there are
an odd number of such small loops and
loses if there are an even number of
loops.

The illustration above shows the area
of fatal starting positions for the crimi-
nals’ car in the “hamstrung squad car”
game. The squad car starts at the posi-
tion shown by the colored counter with
the vector arrow. The criminals’ car can
be captured if it starts on any numbered
square. The number on each square is
the number of squad-car moves required
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for the capture if both sides play ration-
ally. The illustration also answers last
month’s final question: Of the 10 starred
starting positions that were shown for
the criminals, the only fatal square is the
one [gray] that is a knight’s move left
and down from the squad car. Nine
squad-car moves effect the capture if
both sides make their best moves.

For a simple procedure by which the
positions and numbers of moves can be
obtained the reader is referred to Rufus
Isaacs’ Differential Games, pages 56-62,
in which the game is analyzed and from
which the illustration of the answer is
taken. I leave it to the reader to work out
the strategies by which the squad car
captures the criminals’ car with the mini-
mum number of moves and by which the
criminals either delay their capture as
long as possible or escape permanently
if they start from an unnumbered square
or if the police blunder.
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Conducted by C. L. Stong

miniature greenhouse with artifi-
A cial sunshine and a controlled at-
mosphere can be built by the hor-
ticulturist for experiments with plants.
The experimenter can regulate the color,
intensity and duration of the light and
the composition, temperature and hu-
midity of the air. Hence he can rear
plants under conditions that match those
of almost any region of the earth in any
season.
The miniature artificial greenhouse is

ballasts

tom, shelves
and back of
15-ga. metal

air con-
ditioner

Francis C. Hall’s indoor greenhouse

130

THE AMATEUR SCGIENTIST

Two kinds of apparatus for growing

plants in a controlled environment

simple and effective and so has found its
way not only into the horticultural labo-
ratory but also into the home of the city
dweller who likes to raise unusual plants.
One such person is Francis C. Hall, a
lighting engineer who lives in an apart-
ment at 222 Henry Street, Brooklyn,
N.Y. 11201. Hall started 10 years ago
after he had unexpected success with
a single philodendron; now apartment
gardening is an active avocation. During
the 10 years he has built several minia-
ture greenhouses, making as he did so
some interesting innovations. He writes:

“After many attempts to grow flower-
ing plants in our living room, I finally
gave up. They all turned yellow, lost
their leaves and died. So, like many of
our neighbors, I settled for a wall pot of
philodendron. This vine will live for a
time almost anywhere, and it is easy to
replace when it dies. Ours was replaced
about every two months for a year or so
until one of them unaccountably thrived,
growing so vigorously that the tip of
the vine reached the floor. I thought we
had somehow acquired an exceptionally
hardy specimen.

“At about that time we had a visit
from a friend who teaches botany at a
nearby high school. I called her atten-
tion to the thriving plant and asked for
an explanation. After examining the pot
and its surroundings she asked: ‘How
long has this table lamp been close to
the vine? I told her we had bought the
lamp at about the time we planted the
vigorous philodendron. The lamp is
turned on every evening at dusk and
stays on all night. “There’s your explana-
tion,” she said. In effect you have con-
verted this corner of your living room
into a miniature greenhouse—not a very
good one, but a greenhouse nonetheless.”
She went on to explain the lighting re-
quirements of plants and how I could
improve my setup. I have been dabbling
in amateur botany ever since.

“The key to a successful indoor green-
house is the lighting, which should con-
sist of a combination of cool white flu-
orescent lamps of the quick-start type
and incandescent lamps that are op-

© 1967 SCIENTIFIC AMERICAN, INC

erated at about 95 percent of their rated
voltage. No single kind of lamp will suf-
fice because none radiates the copious
amount of energy plants require in the
red and blue portions of the spectrum.

“Fluorescent lamps emit energy main-
ly in the violet, blue and green por-
tions of the spectrum, and incandescent
lamps emit mainly in the red and pro-
gressively less toward the violet. Experi-
ments have shown that most plants re-
quire only the blue, red and far-red
rays—the wavelengths extending from
about 4,000 to 5,000 angstrom units in
the blue and 6,300 to 7,500 angstroms
in the red and far red. The mixture of
greens, yellows and oranges that the eye
perceives as a single shade of green are
largely reflected by the plant pigments.
Ultraviolet rays are damaging to plants,
but most of the ultraviolet radiation in
sunlight is absorbed by the atmosphere.
The colors in sunlight that are essential
to plant growth can therefore be pro-
vided by a properly balanced and filtered
combination of fluorescent and incandes-
cent lamps.

“In what proportions should the lamps
be combined? The question has not been
fully resolved. When I built my first bat-
tery of lamps, the optimum proportion
was thought to be 10 watts of fluorescent
light to each watt of incandescent light.
Since then the recommended ratio has
gradually changed. Some experiment sta-
tions, including the U.S. Department of
Agriculture’s Agricultural Research Ser-
vice in Beltsville, Md., have used ratios
in which the wattages of fluorescent and
incandescent light are equal. The results
of my own experiments appear to favor
the closer proportions.

“Power consumption is doubtless a
poor index of spectral intensity because
it neglects the performance characteris-
tics of the lamps. A lamp of one type may
radiate far more energy in certain por-
tions of the spectrum than a lamp of an-
other, depending on the design of the
lamp and the voltage at which it oper-
ates. The variation occurs particularly
in incandescent lamps. For fluorescent
lamps I now use 30-watt cool white tubes



of the rapid-start type equipped with
ballasts, or transformers, designed to
operate 40-watt tubes. Driving the
lamps above their normal rating in-
creases the emission of the desired blue
light by 30 percent but does not ap-
preciably shorten the life of the tubes.
The trick will work only with 30-watt
tubes.

“Ordinary incandescent lamps can be
used for radiating the essential red light.
When they are operated at their rated
voltage, however, they do not emit
strongly in the far red. For this reason
I have switched to lamps that are rated
at 130 volts. These lamps are used chief-
ly by industry in inaccessible places
where lighting requirements are not se-
vere and where the cost of replacing
bulbs must be minimized. Although the
lamps are rated at 130 volts, they are
operated on 120 volts. Hence they last
several times longer than conventional
lamps. The yellowish-red emission is
ideal for plants.

“These extended-service lamps are
available from dealers in electrical sup-
plies in the same wattages and at the
same prices as standard lamps. They
should not be confused with the long-life
bulbs that are currently advertised. I
now use six 30-watt fluorescent tubes in
combination with six 15-watt incandes-
cent lamps, a power ratio of 180 watts
of fluorescent lighting to 90 watts of in-
candescent lighting.

“The structural details of mounting
the lights and associated fixtures are de-
termined largely by the application. For
example, if the experimenter merely
wishes to floodlight a shelf of plants, the
hardware can be screwed to a simple
wood frame suspended from the ceiling.
In this case the fluorescent tubes can be
mounted in standard twin-tube fixtures
attached to the wood frame. The incan-
descent lamps can be spaced uniformly
between the fluorescent fixtures. Normal-
ly the lamps will face downward. Heated
air will rise from the lamps, so that por-
celain sockets should be used. If the
initial cost is a secondary consideration,
the experimenter may wish to install a
battery of the special fixtures that have
been developed recently for service in
miniature greenhouses. The fixtures pro-
vide space for both fluorescent and in-
candescent lamps in a single unit.

“The optimum quantity of light to be
used varies with the requirements of the
plant. In nature plants grow under a
wide range of light intensities, from as
little as 10 footcandles to about 10,000.
Philodendron will thrive at intensities as
low as 50 to 100 footcandles; African vi-
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olets do nicely at 600 footcandles, and
orchids need 1,000. My experiments in-
dicate that most popular varieties of
flowering houseplants grow best at in-
tensities ranging from 1,000 to 2,000
footcandles. Some growth chambers
found in horticultural laboratories are
equipped for lighting levels as high as
8,500 footcandles.

“Inexpensive light meters calibrated
in footcandles are now available for mea-
suring the intensity. Alternatively, sim-
ple tables for converting the indication
of photographic exposure meters to foot-
candles can be compiled easily. Intensity
can also be estimated. A pair of cool
white 30-watt rapid-start fluorescent
tubes that operate with a 40-watt ballast
in a twin fixture will deliver about 1,100
footcandles at a distance of six inches
from the tubes, 650 footcandles at 12
inches and 500 footcandles at 18 inches.
Within a 30-degree cone below the tubes
the intensity falls off uniformly to about
80 percent at the edge.

“At present I have two small green-
houses. One, a lean-to, is installed out-
side a rear window of our ground-floor
apartment [sce illustration above]. Dur-
ing part of the day the unit receives di-
rect sunlight. The natural light is sup-
plemented as desired by a battery of
electric lights controlled automatically
by a clock timer.

“The second chamber was constructed
in the form of an ornamental cabinet,
the basic details of which are shown in
the accompanying illustration [page
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130]. It consists of two compartments
for growing stacked above a third com-
partment that houses an air conditioner,
electrical controls and miscellaneous sup-
plies. The lamps are suspended from the
inner surface of the top of the cabinet
and the bottom of the top compartment.
They are controlled by the preset clock
timer; the control for the air conditioner
is a Honeywell Airswitch (type T-631-C)
that operates when the temperature
changes three degrees from the value at
which the switch is set.

“Lamps develop a substantial quantity
of heat that must be removed to prevent
the temperature of the chamber from
rising above 75 degrees Fahrenheit, the
maximum to which common houseplants
should be exposed. Fluorescent tubes
operate at relatively low temperature
and present no problem. The associated
ballasts radiate a fair amount of heat,
however, and must be located outside
the growth chamber. I installed mine
on the top of the cabinet.

“Incandescent bulbs of the recom-
mended industrial type are much cooler
than conventional bulbs; they are warm
rather than hot to the touch. Even so,
the temperature inside a glass and wood
enclosure of 40 cubic feet equipped with
500 watts of mixed lamps will rise as
much as 40 degrees F. above the tem-
perature of the room. In order to remove
this heat my cabinet was equipped with
a small air conditioner of the type de-
signed for window mounting (RCA
Whirlpool, 4,700 British thermal units).
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“The installation of automatic tem-
perature controls adds considerably to
the versatility of a growth chamber be-
cause it has recently been learned that
plants require a daily rhythm of tem-
perature change. This thermoperiod is
analogous to the daily alternation of light
and darkness. Although the thermoperi-
od is still under investigation, experi-
ments indicate that for most houseplants
the night temperature should be allowed
to fall about eight to 14 degrees F. below
the daytime temperature. With gerani-
ums I maintain a temperature of 67 de-
grees during the day and a temperature
of 55 degrees at night.

“The control of relative humidity is
difficult, and I have not yet succeeded
in improvising an automatic system. My
cabinets contain trays of moist gravel,
and I water the potted soil periodically.
Nonetheless, the relative humidity of the
air tends to fall substantially on dry days.
For this reason I measure the humidity
with a psychrometer and spray the plants
with water as necessary by means of a
hand atomizer. On days when the rela-
tive humidity of the room air is high I
depend on the air conditioner to remove
the excess from the cabinet. Houseplants
appear to do well at a relative humidity
of between 50 and 80 percent.

“The length of the simulated day is
the easiest variable to control. All it
requires is setting a clock timer. The
importance of the daily rhythm of light
and darkness to the growth of plants
was first reported in 1920 by Depart-
ment of Agriculture botanists who were
investigating the flowering of tobacco
plants. Subsequently it has been learned
that the photoperiod acts as a kind of
trigger that determines when a plant
will blossom, when seeds will germinate,
when bulbs will form and so on. The
photoperiod also influences the color and
size of leaves and the elongation and
branching of stems. Commercial grow-
ers of flowers such as chrysanthemums
now routinely delay the flowering of
plants grown in the field by switching on
batteries of incandescent lamps for in-
tervals as short as 10 minutes during the
night, thus synchronizing the production
of flowers with the demands of the mar-
ket. I follow the same procedure when
growing entries for our local flower
show.

“What is the optimum photoperiod?
The answer depends on the plant. In
general plants can be grouped accord-
ing to their preference for short, inter-
mediate or long days. The perennial
chrysanthemum and the poinsettia do
best when the days are short—10 hours
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of light or less. Such a period is charac-
teristic of plants that flower in the fall.
Plants that do well at the opposite ex-
treme—20 hours or more of daylight—
include the China aster, the African
violet, the tuberous begonia and the
philodendron. The third category, which
includes the rose and the carnation,
consists of plants showing little sensitiv-
ity to the photoperiod.

“Most of the popular houseplants with
which I have experimented seem to do
well on a daily exposure of 16 hours to
light from which the ultraviolet rays
have been filtered. As indicated by ths
accompanying graph [bottom illustra-
tion on page 131] this emission in fluo-
rescent tubes occurs between 3,500 and
4,000 angstroms. It can be suppressed by
inserting a sheet of Mylar W-2 plastic
between the lamps and the plants or, if
this arrangement is inconvenient, by
wrapping each tube in a single sheet of
the material. (Mylar W-2 is a product of
E. I. du Pont de Nemours & Co.)

“Experiments indicate that the trig-
gering effects of the photoperiod are
confined to the red rays in the vicinity
of 6,600 angstroms. A few minutes of
exposure to red light initiates biochemi-
cal reactions that continue for some time
in the dark. Ordinary incandescent lamps
emit enough red light to trigger the re-
action in the case of houseplants. For
example, houseplants that grow reason-
ably well on a window shelf will usually
show dramatic improvement, particular-
ly in winter, if they are grouped under a
table lamp every day from dusk until
bedtime.

“Like animals, plants must have food
and water, each plant according to its
needs. Conventional techniques of feed-
ing and watering can be used for plants
grown under electric lights. It is also pos-
sible to use the greenhouse for controlled
experiments on nutrients. For instance, I

timer

thermostat
br& on
D temperature rise

thermostat

contact on temperature rise

once read that growth had been acceler-
ated as much as threefold by fertilizing
plants with carbon dioxide. The author
went on to explain that, according to one
hypothesis, the lush growth of plants
during the Carboniferous period 300
million years ago resulted from the rela-
tively large amount of carbon dioxide
then present in the atmosphere and that
the period ended when the carbon be-
came locked up in deposits now repre-
sented by the fossil fuels. Why not flood
my miniature greenhouse with carbon
dioxide and grow giant plants?

“I quickly learned that the cost of
the gas is too high for my pocketbook.
It occurred to me, however, that some-
thing of the same effect might be ob-
served if I sprayed the plants with car-
bonated water. I tried doing so but had
poor results with bottled soda water. Ap-
parently chemicals added to this water
for retarding the escape of gas harm the
plants.

“Carbonated water can be made at
home, however, by means of a special
bottle that accepts gas from small metal
tubes. The homemade product worked.
After trying various methods of apply-
ing the water in varying amounts 1
learned that a light mist applied to the
leaves every other day doubles the
growth rate and reduces the time re-
quired for the plant to reach maturity.

“The relatively small amount of gas
liberated from the water does not sub-
stantially alter the ratio of carbon di-
oxide present in the air of the chamber.
Why, then, do the plants respond so
dramatically? I can only guess that the
leaves absorb the gas through their sto-
mata, or pores. The application must be
made with an atomizer that develops a
fine mist, and the leaves should be moist-
ened only lightly. Moreover, the relative
humidity of the chamber should be mea-
sured after the treatment and lowered if

top shelf lamps

bottom shelf lamps

air conditioner

Circuitry of the indoor greenhouse
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it rises excessively. Some experimenters
who tried the procedure without initial
success made the mistake of ignoring the
relative humidity.

“Otherwise my plants receive conven-
tional fertilizers applied according to the
established requirements of each species.
Much annoyance and expense can be
avoided by using hygienic methods. Pans
of water kept on the shelves for main-
taining humidity encourage the growth
of algae and fungi. The pans should be
removed and cleaned periodically when
the plants are washed. Much unwanted
growth can be discouraged by adding an
algicide to the water in the humidifying
pans. I use a solution that consists of
one ounce of cupric sulfate in one quart
of tap water. One fluid ounce of this
stock solution is added to each gallon
of water used in the pans. Water so
treated must not be allowed to come in
direct contact with the potted soil. To
prevent such accidental contamination
surround the pots with plastic liners.

“Seedlings can be developed easily in
the greenhouse. They do best in blue
and red light; far-red light retards them.
To make seedlings sprout I remove all
industrial incandescent lamps and sub-
stitute a single standard 15-watt lamp.
The result is a 12 : 1 ratio of fluorescent
to incandescent light; the emission of
the far red is minimized.

“Seedlings require a somewhat higher
temperature for maximum rate of growth
than mature plants do. The temperature
should be between 75 and 80 degrees F.
The soil can often be warmed to this
temperature if the plants are raised to
within four or five inches of the lamps.
Alternatively, the added heat can be de-
veloped electrically by installing heating
cables in or under the trays. Cables spe-
cially designed for this purpose can be
bought from dealers in gardening sup-
plies. It is good practice to plant seeds in
sterilized soil in order to discourage the
growth of fungi and molds.

“The cost of my greenhouse, includ-
ing the air conditioner, was about $300.
To this amount must be added about 15
cents a day for electric power. I can
easily imagine a more elaborate and
more costly installation. On the other
hand, it is possible to conduct many
fascinating experiments with little more
than a potted plant and a single incan-
descent lamp. In my opinion few hob-
bies return more in terms of satisfaction
per dollar and none appears to be at-
tracting enthusiasts more rapidly. Gar-
dening under lights came of age scarcely
20 years ago, yet it already has an ex-
tensive and swiftly growing literature.”
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Rubber timing belts:
creating new products.

Two-litre racing engine has overhead camshafts driven by timing belts in two stages. Intermediate pulleys are used for water-pump drives.
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Uniroyal invented the timing belt
to solve the slippage problem
inherent with V-belts

and the noise and wear problem
inherent with gears and chains.

Every mechanical device from an automobile
engine to an electric typewriter has systems for
transmitting the power from one moving part
to another.

By far, the most popular ‘‘power transmission’’
systems are V-belts, gears and chain drives.

V-belts are low-cost devices that have the ability
to absorb starting shocks and minor changes in
alignment. However, they have the inherent problem
of slippage which reduces efficiency.

Gears and chain drives are highly efficient but
relatively expensive. Also, unless carefully built and
installed, they are apt to be noisy and wear rapidly.

Uniroyal invented the timing belt some 17 years
ago to combine the advantages of both. Sold under
the registered ‘‘PowerGrip’’ tradename, the timing
belt is essentially a belt with rubber teeth that
act like gears.

Like many other inventions the timing belt was
ahead of its time. It was only recently when Uniroyal
found a way to mold fiber glass cord into rubber
that the timing belt became a power transmission
device of broad utility.

The timing belt was a key factor in the development
of the first overhead camshaft automobile engine
mass-produced in the United States. This camshaft
drive is quieter and more economical than a gear or
chain drive. It requires less maintenance.

Another engine with overhead camshafts driven
by Uniroyal timing belts is shown at the left. This
2-litre V-8 racing engine has two camshafts driven
through a two-stage timing belt drive. It was
designed to produce 210 horsepower which it did
the first time the engine was run on the test bed.

The overhead camshaft engine is a typical example
of how rubber timing belt drives are creating new
products. There is no question that an overhead
camshaft is a more efficient way of opening and

First overhead camshaft engine mass-produced in the
U.S. has a rubber timing belt drive (shown in red) which is
quieter, more economical than a gear or chain drive.

Textile machine is driven by rubber timing belt
drives. Unlike gears or chains, timing belts require
no lubrication or maintenance.

closing valves than the pushrod and rocker-arm
arrangement used on most engines. The problem
has always been the drive. Gears are expensive to
machine and require much adjustment on t_he
assembly line to produce a satisfactory engine.
Manufacturing tolerances are critical.

The timing belt solves the problem neatly. Rubber

teeth provide a positive drive that .
is efficient and quiet. Continued...
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Uses of timing belts range from business machines to snowmobiles.

Electric typewriter is driven by a single rubber timing belt (shown in red). Quietness is an important factor in this application.
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Timing belts are versatile.

The one used in the electric typewriter at the left
transmits a fraction of a horsepower. Others are
capable of driving loads up to 600 horsepower.

The high efficiency and low cost of timing belts are
the reasons for their use in a variety of new products
from home appliances to milling machines and
drill presses.

Uniroyal timing belts, sold under the registered
““PowerGrip’’ tradename, are used in many other
new and improved products including electric
typewriters, sewing machines, gasoline pumps,
office machines, television sets, appliances, outboard
motors and power tools.

The quietness of timing belt drives accounts for
their use in electric typewriters, motion picture
projectors and sonar equipment for atomic
submarines.

Their high reliability accounts for their use in
recording instruments, computers, fuel transfer
pumps for jet aircraftand of course, automotive
camshaft drives.

Their smoothness accounts for their use in
office copiers and tracking systems for missiles.

A timing belt moves with ‘‘constant angular velocity.”
(A chain drive, which is articulated, does not offer
the same smoothness of rotation.)

Their light weight accounts for their use in
hand tools of all kinds.

Because a timing belt doesn’t stretch, it can be
installed on fixed center drives which have no
provision for adjustment. (Timing belts are rein-
forced with fiber glass cord, the same kind of cord
used in Uniroyal ‘‘stretchless’ V-belts.)

A timing belt requires absolutely no maintenance.
Gears and chains must be lubricated. Ordinary
V-belts must be retensioned. Timing belts, however,
never need attention except for replacement.

And replacement is seldom necessary. In many
applications, well-engineered timing belts outlast
gears and chains.

Timing belts are only one of our industrial
products that might help you with a new product
you're working on.

If you have a problem that one of our rubber,
chemical or plastic products might solve, we'd
like to hear from you.

NIRDYA

U.S.RUBBER

Snowmobile is an unusual application of the ‘‘tooth’’
principal of timing belts. Here it is used as the track belt
(shown in red) to propel the vehicle.

Flexible coupling made by Uniroyal uses ‘‘tooth’’ principle
of timing belt (shown in red) as shock absorbing element.
A low-cost ‘‘fail-safe’’ device, coupling is easy to install.

Write to: Uniroyal Technical Advisory Service,
1230 Avenue of the Americas, New York, N.Y. 10020.

We'd like to help you. After all, we have almost
1,500 patents and we'd like to put a few more of
them to work.

Uniroyal holds more patents
than any other rubber company.

© 1967 SCIENTIFIC AMERICAN, INC



INTERSECTING
STORAGE RINGS

The European Organization for Nuclear Research (CERN) seeks
AT European staff to participate in studies of particle physics and the
realization and operation of the necessary research facilities. The most

topical field for recruitment at present is for the construction of the
Intersecting Storage Rings at the CERN 28 GeV Proton Synchrotron.
This work poses many interesting technical problems.

¢ 50 100 150 200

métres

Basically the Intersecting Storage Rings comprise two
concentrie circles of magnets, each with a circumference of
nearly a kilometre, placed in an underground tunnel ad-
jacent to the CERN Proton Synchrotron. Protons will be
accelerated in the Proton Synchrotron and injected
through a beam transport system into one or other of the
rings, where they will circulate in opposite directions. The
two rings are distorted from a perfect cirele so that they
intersect at several places; in these regions the particles
will be made to collide head-on, provoking reactions that
will be very significant in the study of high energy physies
phenomena.

This is a large-scale project, estimated to cost some 332
million Swiss franes (=$77 million) over the next 5 years.
The principal features include 2 kilometres of ultra-high
vacuum tubing (1079 to 10~11 torr), ten thousand tons of
magnets, constructed and aligned to very fine tolerances,
sophisticated radio-frequency equipment for stacking
beams of particles and an elaborate control system.

In 1967 there are 50 VACANCIES for staff to join this
programme, particularly for applied physicists, engineers
and technicians experienced in development and design ac-
tivities in the following fields:

accelerator theory (particle dynamies, electromagnetism)

electro-magnets, design and measurements
ultra-high vacuum

low voltage and high voltage pulse techniques
radio and television communications

low power and high power radio-frequency systems
servo-systems

digital electronics
electronies apparatus for industrial controls
very high precision metrology

The tasks are professionally challenging and interesting.
Salaries at CERN are commensurate with the proven abil-
ities of the staff. Non-resident and family allowances are
awarded together with the usual social security benefits,
including a comprehensive pension scheme. Annual leave
is generous and home-leave with travel paid is granted
every second year.

We want to hear from scientists, engineers and techni-
cians, who must be nationals of the member countries of
CERN*, and who are attracted by the prospect of tackling
new problems in a stimulating international environment.
The laboratory is located on the outskirts of Geneva astride
the frontier between Switzerland and France.

If you are interested, please quote reference ISR-
GEN when writing for an application form to:

The Head of Personnel

CERN

1211 Geneva 23
Switzerland

* The member countries of CERN are: Austria, Belgium, Denmark, Federal Republic of Germany, France, Greece,
Nederlands, Italy, Norway, Spain, Sweden, Switzerland, United Kingdom.
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by John C. Kendrew

PHAGE AND THE ORIGINS OF MOLECULAR
BroLogcy, edited by John Cairns, Gun-
ther S. Stent and James D. Watson.
Cold Spring Harbor Laboratory of
Quantitative Biology ($12.50).

A4 rom the moment I read Schro-
Fdinger’s What Is Life,” writes
one of the contributors to this
volume, “I became polarized towards
finding out the secret of the gene.”
Erwin Schrodinger’s small book, pub-
lished at the end of World War II, had
an enormous influence, particularly on
physical scientists, in altering funda-
mental outlooks on biology, and in en-
couraging the new way of approaching
the study of living organisms that has
come to be known as molecular biology.
Schrodinger himself had been greatly in-
fluenced by Max Delbriick; indeed, one
chapter of What Is Life, describing a
macromolecular model of the gene, is
headed “Delbriick's Model.” On the
other side of the coin, the group Del-
briick attracted to him to study bacterio-
phages (bacterial viruses) was recruited
largely from those who, often not biolo-
gists by training, had had their interest
in biology quickened, and a fruitful new
approach presented to them, by What
Is Life. The “phage group” consisted of
the disciples of Delbriick, and in cele-
brating Delbriick’s 60th birthday by
writing essays for Phage and the Origins
of Molecular Biology these disciples are
celebrating also the history of an intel-
lectual movement that, although it is
only about 20 years old, has worked a
major revolution in every branch of bi-
ology.

What was the nature of this intellec-
tual movement? What is molecular bi-
ology? The phrase still arouses strong
emotions. Classical biologists often think
that molecular biologists, most of whom
have had no formal training in biology,
are guilty of hopeless oversimplifications,

BOOAS

How molecular

biology started

that (as George Beadle remarks in this
book) any simple concept in biology must
be wrong just because it is simple. Bio-
chemists point out that their own field
is molecular biology, in a strict sense of
the words, and sometimes deride the
assumption of the phrase as a title by
a group whose members were ignorant
of biochemistry and indeed often hos-
tile to it. (Delbriick’s own negative atti-
tude toward biochemistry is mentioned
several times in the book.) One dis-
tinguished biochemist has referred to
molecular biology as the practice of
biochemistry without a license.

Molecular biologists themselves are by
no means unanimous about the nature
of their subject. To anyone brought up
in the British school of molecular biol-
ogy, as the present reviewer was, it is
a little odd to find in nearly every con-
tribution to this book the explicit or
implicit assumption that molecular biol-
ogy had its only real beginnings in the
phage group, and that the central theme
of the subject is biological information.
In the British school, which stemmed
from the early X-ray studies of biological
materials by W. T. Astbury, J. D. Bernal
and their pupils, the emphasis has been
on structure rather than on information,
on knowledge of structure as the only
road to an understanding of biological
functions, among which information is
an important example but by no means
the only one. It is interesting to find that
the contributors to this book, in describ-
ing their own work and the influence that
determined its direction, hardly ever
mention the word “structure.”

Itis true that the Watson-Crick dou-
ble-helix structure of DNA has had an
enormous influence on these workers; in-
deed, it has proved to be the central con-
cept around which their thinking has
developed. But the features of that struc-
ture that have been important to them
have not been geometrical so much as
topological: the one-dimensional nature
of the information store and the role of
specific pairs of nitrogenous bases in
replication. Other kinds of biological
structure, in particular the structures of
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proteins, are hardly mentioned. In the
British school the notion of structure
was central, and in the early days the
emphasis was on proteins much more
than on nucleic acids. Thus Astbury,
writing in 1961 about the history of the
term “molecular biology,” quotes his
Harvey Lecture of 1950 as follows: “It
[molecular biology] is concerned partic-
ularly with the forms of biological mole-
cules, and with the evolution, exploita-
tion and ramification of those forms in
the ascent to higher and higher levels of
organization. Molecular biology is pre-
dominantly three-dimensional and struc-
tural-which does not mean, however,
that it is merely a refinement of mor-
phology. It must at the same time in-
quire into genesis and function.”

The fact is that in the early days the
two schools were almost entirely isolated
from each other. On the one hand was
the phage group of Delbriick and Salva-
dor Luria, concerned primarily with the
problem of interpreting the genetics of
microorganisms at the molecular level in
terms of a one-dimensional molecular in-
formation carrier that only by degrees
emerged as the molecule of DNA. On
the other hand the pupils of Astbury and
Bernal were developing methods of elu-
cidating the three-dimensional structure
of all kinds of biological macromolecule
but with a strong emphasis on proteins.
For them the aim of interpreting func-
tion was a goal dimly discerned for the
future, and they had little knowledge of,
or interest in, the problems of genetics.

The schism was nct entirely geo-
graphical in origin. I have not mentioned
one of the most distinguished of the
structural molecular biologists: Linus
Pauling, whose biggest contribution was
to define the alpha helix as a basic struc-
tural principle for protein molecules.
Pauling, being situated like Delbriick at
the California Institute of Technology,
certainly brought the two schools in close
geographical proximity, but it is ques-
tionable whether there was much intel-
lectual relation between them. In this
connection it is interesting to read in
James Watson’s contribution to the pres-
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ent book that in the summer of 1949 he
had the impression that the phage group
thought that Pauling’s world and theirs
did not have a great deal in common.
These articles were written 15 years
later, and it is surprising to find how
little evidence they contain of a concern
with structural problems even now.

The first real link between the two
schools was closed by the migration of
Watson himself from the heart of the
phage group by way of Copenhagen to
Cambridge. The history is somewhat
tangled, but I have it on Watson’s own
authority that it was basically his idea
to move to the Cavendish Laboratory at
Cambridge. It is curious that Watson,
one of the few members of the phage
school who was “a real biologist,” was (in
the words of another contributor to the
book) “almost obsessed with the idea of
a structural model,” and that it was he
who should have chosen this migration
to a physics department. The result was
the double-helix model of DNA, which
in turn led to the extraordinarily rapid
development of the field described in
the book.

Even now the two schools, although
they listen politely enough to each other’s
seminars, have less to say to each other
in terms of real intellectual communica-
tion than one might expect. But times are
changing; the latest fashion (which gets
only a brief mention in the book) is al-
losteric effects: the influence of events
in one part of a large molecule on the
function of another part. The regulation
of the genes and of metabolic activity,
the operation of the ribosomes and of
transfer RNA positively demand a con-
cern for the precise details of the three-
dimensional structures of both proteins
and nucleic acids. Conversely, the ge-
netic variations in the sequence of amino
acids in proteins require that workers on
protein structure should interest them-
selves in the mechanisms of heredity.

Let us now turn to some other striking
aspects of the history of molecular biology
that are revealed in the book. To this re-
viewer one of the most interesting is the
revelation that, in spite of Schrodinger’s
insistence that the events taking place in
living organisms could without doubt be
accounted for by the laws of physics and
chemistry, some of the earliest recruits
were motivated by the faith that the
study of heredity might lead to the dis-
covery of “other”—and presumably new—
“laws of physics.” Gunther Stent, in his
introduction to the book, says that “this
search for the physical paradox, this
quixotic hope that genetics would prove
incomprehensible within the framework

of conventional physical knowledge, re-
mained an important element of the psy-
chological infrastructure of the creators
of molecular biology.” Here we have a
textbook example of the importance of
fantasy in dealing with reality. The sub-
sequent history of the field has shown no
requirement for new physical laws; up
to the present time conventional, normal
laws of physics and chemistry have been
sufficient, and at least in the opinion of
thisreviewer the forward horizon is clear
of awkward facts that will require new
or paranormal laws for their explanation.
In any case, the actual development of
the subject has been exciting enough,
even if these particular fantasies have
proved to be illusions.

We may also note the extraordinary
slowness with which the notion of DNA
as the substance of heredity emerged,
and the caution with which this revolu-
tionary idea was accepted by those such
as Rollin Hotchkiss who performed the
crucial experiments. In the early 1950’s
“we knew that the phage genome was
replicated by a logarithmic process be-
fore we knew what it was made of.”
Then Thomas Anderson describes dis-
cussions in 1950 and 1951 of the “wildly
comical possibility that only the viral
DNA [asopposed totherestof the phage]
finds its way into the host cell.” Yet two
years later not only was the genetic role
of DNA accepted but also the mode of
its replication had been correctly pro-
posed. As Anderson writes, “when we
finally recognized this dichotomy [be-
tween the role of DNA and of other bio-
logical molecules] during the Cold
Spring Harbor Symposium of 1953, it
was like finally hearing the hilariously
improbable punch line at the end of a
long preposterous tale.” After a slow
start and prolonged battling with diffi-
cult problems, some of which are even
now not properly understood, the devel-
opment was fantastically rapid. In read-
ing this book it is sometimes hard to
believe that this chronicle of a movement
that has revolutionized our understand-
ing of heredity extends over a mere 20
years.

To disentangle the reasons for so rapid
a development of fundamental ideas
would take us into realms of speculation
and inquiry beyond the scope of this re-
view. However, the informality of many
of the articles not only engages our
interest to the point that the book holds
our attention as closely as does any de-
tective story but also reveals some special
features of the intellectual atmosphere
within which the ideas were born. We
read of studies that were “carried out in
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blissful and protective ignorance of the
past history of the problems involved.”
“Let us play with the wildest ideas we
can imagine,” says one of the contribu-
tors. The ideas often emerged during a
blackboard discussion, with no single
person responsible. And finally, in this
atmosphere so far removed from that of
classical biology, even the simplest ideas
would sometimes turn out to be true.

This was a way of going to work that
was as unorthodox as it was productive,
and in reading this Festschrift volume
we naturally wonder about the special
role of Delbriick in guiding the whole
development. At first he emerges not so
much a guide as a critic. \We read how he
scared his colleagues, how long seminars
under his direction were an ordeal, how
he told dozens of people confidentially
after they had delivered a seminar that
it was the worst he had ever heard. We
read of his suspicions of chemistry, of his
deprecation of biochemistry, of his dis-
dainful indictment of phage work that
did not come up to his standards (“They
had never taken the phage course”). He
is said to have been careless in treating
history, and he was critical of the most
exciting new results. I myself remember
visiting the California Institute of Tech-
nology shortly after Watson and Francis
Crick had proposed the double helix, full
of the excitement of seeing the model
and of understanding the replication hy-
pothesis, and finding Delbriick breath-
ing skepticism whether all this cleverness
had anything to do with biology. When
Matthew Meselson and Franklin Stahl
later performed the crucial experiment
demonstrating that the replication of
DNA was “semiconservative” as the
model required, Jean Weigle recounts,
Delbriick was still not convinced and
invented other explanations.

But of course Delbriick’s influence, al-
though sometimes superficially destruc-
tive, was in fact of the most positive kind.
Theodore Puck remarks that Delbriick’s
“passionate rejection of vagueness in the
building and testing of conceptual mod-
els has helped to change radically the en-
tire philosophy of biological research.”
His role was that of Socrates, and like
Socrates he was constructive, and led
others to be constructive, by way of criti-
cism. George Streisinger concludes his
chapter, and the book, by mentioning
Delbriick’s reaction to the discovery of
the circular DNA in the T4 phage: “I
don’t believe a word of it.” They all took
a beating from Max, but they profited by
it and they liked it—and him. The result
was the most dramatic and rapid devel-
opment in the whole of biology since
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Darwin and Mendel. In this book it is
described in a way that not only illumi-
nates the subject itself but also has a
much wider significance as an object
lesson for the conditions under which
scientific advances are made and an in-
tellectual movement gathers momentum.

Short Reviews

CLEVER Hans (THE HORSE OF MR. VON

OsTEN), by Oskar Pfungst. Edited
by Robert Rosenthal. Holt, Rinehart and
Winston, Inc. ($4.95). Hans was a large
trotter, owned and lovingly educated by
a white-haired old schoolmaster who
exhibited the success of his pupil, with-
out any payment, to all who would
come around noon to the courtyard of
the large apartment house in Berlin
where for four years Hans had lived and
been tutored. The gentle, if proud and
irascible, teacher stood by Hans’s right
side to question him, a task interrupted
by frequent carrots but never marred by
the sight of a stick or a whip. Hans was
of course mute; he responded by nods
and shakes of the head, but particularly
by tapping his right forefoot. He read
and spelled rather well in German, cod-
ing his responses by number pairs that
picked out letters from a blackboard ar-
ray prepared by Herr von Osten. He
knew the coins of the realm, the calen-
dar for the year, how to tell time, and
he recognized a good bit of music. (His
taste in chords and melodies was some-
what old-fashioned.) He could walk
toward people he was asked to single
out, and could fetch from a row of col-
ored cloths the piece of the color sought.
He could recognize people from their
photographs. In arithmetic he was out-
standing. He could do all the schoolboy
arithmetic for numbers up to about 100;
tapping too long tired him, but concep-
tually he was not so limited. He could
compute how many times 100,000 was
contained as a whole in 659,321. Even
fractions were acceptable; he first
tapped the numerator, then the denomi-
nator, to give such sums as 2/3 + 3/4.
He made a few errors, which he could
often correct at once when asked, “By
how many units did you go wrong?” He
always had a hard time with the answer
“One.”

The year 1904 was Hans’s year
Droves of people came to see him, and
he appeared in songs and light verse, as
a toy and on liquor labels. Zoo directors
and circus trainers, explorers, psycholo-
gists and philosophers declared him a
horse genius. Educators were classifying
him at the fifth-grade level. Some skep-
tics suspected trickery, but the weight
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of evidence about the sincerity of his
teacher was too great to entertain the
thought. As a last resort a learned com-
mission assembled, only to find that
Hans in fact would perform just as well
for certain other questioners (finally as
many as 40 different people succeeded)
without even the presence of Herr von
Osten. There was no deliberate trickery.

The mystery became the concern of
Professor Stumpf, head of the Psycho-
logical Institute of the University of Ber-
lin. His young colleague Oskar Pfungst
solved the puzzle in a few months, and
this reprint of the 1911 English transla-
tion of Pfungst’s report relates the story.
It is so clearly told, the sense of intel-
lectual drama so tense, the personal en-
gagement of Pfungst so evident, the ex-
perimental methods so simple, apt and
elegant, the entire work so sensitive,
penetrating and thorough that the book
rightly became a classic of science and
its methods.

One experiment, neat and conclusive,
was this: When either of two acceptable
questioners whispered an arithmetical
sum into Hans’s ear, the horse could
solve the problem. But when one man
whispered one number, and the other,
not knowing the first number, whispered
a second to be added, Hans muffed. If
the two men had earlier agreed on the
two numbers, Hans could find the sum.
Wearing large blinders Hans failed; in
the growing dusk Hans failed. Ques-
tioned in French, Hans succeeded. In-
deed, without any audible question, he
did quite well.

It was finally plain that Hans was no
schoolboy but a clever and subtle watch-
er of his questioners. All the three or
four people—they included Pfungst—
who became very successful questioners
gave unintended cues at the correct final
tap, by tiny changes in the attitude of
the head, relaxing the tension with
which they watched the tapping fore-
foot. Even when Pfungst knew what cue
he was giving, he could not easily sup-
press it.

Then Pfungst turned from analysis to
synthesis: he became a human stand-in
for Clever Hans. Clever Oskar asked
subjects to think of a number between
1 and 100 but not to tell him what it
was. He undertook to tap out the right
answer, not with a hoof but more hu-
manly with a forefinger. With 23 of 25
subjects tried, he succeeded brilliantly.
He even recorded the cuing motions,
using the smoked-drum and lever tech-
niques of the era in a fully three-dimen-
sional way, producing a kind of early
polygraph.

The implications remain fascinating.
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The mind-reading act, the rapport of
the wonderful pet, the rod diviner, the
table-tipper, insofar as they perform as
claimed, are subject to the lesson learned
from Clever Hans. The polo pony that
seems to know the rules of the game and
the cavalry horse that knows the com-
mands are probably tactile followers
of Hans’s. They are behaviorists. They
cleverly learn their master’s actions but
nothing of the logic he follows. (Many
schoolchildren are thought to act more
like this than is good for humans.) The
sensory interactions between organisms
as complex as these animals, not to say
from man to man, are too rich to pre-
vent an occasional single bit of informa-
tion from flowing quite involuntarily
from one to another.

Dr. Rosenthal brings the tale up to
date. Even the albino rat can learn from
the way he has been handled whether
the “experimenter” expects him to run
the maze or not. Second-order experi-
ments have shown such results, experi-
ments in which the “experimenter” is
himself the subject of a second experi-
ment and is preloaded with information
he then cannot fully conceal from horse,
rat or human interviewee.

Finally one is led to quote Pfungst:
“In spite of the huge mass of ‘experi-
mental evidence,” which has been col-
lected chiefly in England and in Amer-
ica, it appears to me that telepathy
is nothing but an unproven hypothesis
based upon experimental errors.” If 50
years ago Clever Hans had not been
studied, a large class of those errors
would be unknown. Whether other
errors remain in the work of the parapsy-
chologists will always require the insight
and the hard work of a Pfungst to decide
for sure. Lacking such studies, the claims
of extrasensory transfer remain as sus-
pect as the French of Clever Hans.

IF THE SuN Dies, by Oriana Fallaci.

Atheneum Publishers ($7.50). The
knowing publishers have placed on the
dust jacket of this book a full-page pho-
tograph of its young Florentine author,
curled barefoot in a chair with her long
blonde hair loosened. This is the lady
who visits NASA, in Houston and Los
Angeles and Cape Kemnedy and Hunts-
ville and White Sands, who confronts
astronauts and Ray Bradbury, public-
relations men and motel keepers with
her memories of vineyard and basilica,
her literary values and her human
charm. She asks these people “Why?”
and “Who are you?” She tells the story
with hot candor and a sharp eye, out of
a remarkable experience of life.

The book, in rushing and poetic prose,



turned into flowing colloquial English by
Pamela Swinglehurst, takes the form of
long reflective letters to a distant father—
off there in a villa in Chianti, a Tuscan
country gentleman who was something
of a hero in the Resistance. The war and
the Nazi terror are strong in the book.
Wernher von Braun (Doctor von Braun,
the public-relations man insists weakly
throughout the colloquy) is portrayed:
likable, forceful, versatile, extraordinary,
dominant. But over the whole of this ex-
pansive interview the scent of lemon
hangs like the memories of Proust’s
childhood. Then she recalls. The German
soldiers with the tommy guns who broke
the door down to find and deport the two
partisans she had just hidden in the well
carried the same scent: German soap.
“ “The future is always interesting,” said
von Braun. "More than the past, said 1.”

She met a dozen or two of the astro-
nauts. They come oft not badly. To be
sure, she finds most of them venerable,
dull, bored, bald, mechanical. A few—
she was fortunate—are different. She
found a poet and a philosopher, and a
few others who knew what wit and
doubt and fancy mean. One day while
driving with the astronauts’ physician
she invented a Project Cheese, which
proposed to subvert Apollo to mine the
moon, to sell the cheese here at great
profit, working all the while on the other
side of the moon to evade discovery.
The rumor spread to all the astronauts,
and a few of them understood.

And so this woman, a partisan at 14,
an incredulous European witness of the
vulgarity of Highway 66, of our motels
and our extortionate economy, comes in
the end not to bury Apollo but somehow
to praise it. “And if the Earth dies, and if
the Sun dies, we shall live up there, Fa-
ther. Cost what it may: a tree, a billion
trees, all the trees that life has given us.”

No capsule review can exhaust the
manysidedness and perceptivity and ec-
centricities of this book. It is one of very
few pioneer works in a new genre: the
criticism of science and technology as
ways of life, as sets of values. It is not ex-
position of events or good reporting or
philosophical analysis. It is quick and
imperfect, but it is breathing with life.

THE EArTH-MoON SysTEM, edited by
4 B. G. Marsden and A. G. W. Cam-
eron. Plenum Press ($12.50). The prob-
lems of origin are difficult when a unique
system is under discussion. How the
twin planets earth and moon were
formed is the center of this technical
symposium held in 1964 and reported
quite fully in this volume. The partici-
pants include most of the people who

Joint Task Force - 2

Joint Task Force - 2 was established by the Department of Defense for
the Joint Chiefs of Staff in 1964 to test and evaluate the low altitude
penetration capabilities of aircraft weapons systems and the defense
against such systems.

Sandia is proud to have a part in this effort. We provide general
systems engineering and analysis in test preparation; design test instru-
mentation; and monitor, collect, process, and analyze test data. We also
participate in personnel debriefing, and lend other technical and
administrative support as requested by JTF-2.

Sandia is diversity in depth, a challenging environment for technical
people who excel. Our current needs are especially for persons with
records of achievement in Mathematics, Statistics, and Programming.
For information write: Employment Organization 3151, Sandia Lab-
oratory, Box 5800, Albuquerque, New Mexico, 87115. Sandia is an
equal opportunity employer. U.S. citizenship is required.
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The Biology of
Human Adaptability

Fdited by PAUL T. BAKER, Pennsylvania State
Uriversity, and J. S. WEINER, University of
London. The Wenner Gren conference in
Austria in 1964 brought together leading
geneticists, physiologists, and anthropolo-
gists from all parts of the world to discuss
problems of man in his natural environments
and his adaptive responses to them. This
book is based on that conference. The papers
presented have been rewritten in the light of
the conference as a whole, and the introduc-
tory chapter presents much of the discussion
that took place there.

Maps, line drawings. $16.80

Growth, Function
and Regulation in
Bacterial Cells

By SR CyrIL HINSHELWOOD, and A. C. R.
DEaN, Physical Chemistry Laboratory, Ox-
ford. Advances in bacterial genetics are dis-
cussed in the book in terms of the kinetics of
the cell as an organized entity. The authors
deal with the key question, the relation be-
tween structure and form, by observing the
cell in action, studying its growth and be-
havior, and formulating general propositions
about the operation of physio-chemical laws
within each cell system. Topics covered in-
clude: variation in cell composition, adapta-
tion to drugs, and the decline of bacterial
populations. 121 figures. $13.45

Infra-Red Physics

By J. T. HouGHTON, Jesus College, Oxford,
and S. D. SMITH, University of Reading. De-
signed foradvanced undergraduates in physics
or chemical physics and for young research
workers, this is a complete study of the basic
principles and techniques of infra-red physics.
In a theoretical introduction, quantum me-
chanics is applied to the interaction of radia-
tion with molecular and crystal systems. Sub-
sequent chapters contain accounts of molecu-
lar and solid state spectroscopy to illustrate
basic processes; these include an unusually
complete treatment of the optical properties
of semi-conductors. In a final section the wide
range of application of infra-red techniques is
indicated, with particular reference to the
study of planetary atmospheres.

135 figures. $9.60

Atomism in England
From Hariot to Newton

By ROBERT HUGH KARGON, Johns Hopkins
University. Of all the elements which emerged
from the Scientific Revolution, the rise of
atomism as a useful scientific explanation is
one of the most interesting. This book traces
the history of the introduction and spread of
the atomic doctrine, and it presents as a case
study those problems caused by the establish-
ment of the new learning and its methodology.
Professor Kargon discusses the theories and
methods of such leading natural philosophers
as Hariot, Bacon, Hobbes, Boyle, and
Newton. $6.75

Oxford University Press /| New York
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have recently made contributions in the
field; there is no better place to start to
study the problem than with these
papers.

The most stable period of the well-
known motions is certainly the year.
The great distance between the sun and
the earth nearly guarantees that they
move uniformly. Not so the moon and
the earth. The spin of the moon is gone,
locked to the earth, and the spin of the
earth has changed too. This story is con-
tained in the coral growth rings of Pro-
fessor J. W. Wells of Cornell Univer-
sity, told here in an early but striking
version. The day and the month have
got longer. Putting this evidence beside
the uncertain chemical nature of the
moon, its irregular shape and its circular
orbit, no clear conclusion is yet at hand.
The spin of the earth can be checked
with marvelous accuracy year by year
today, and with some misgivings into
the past by using eclipses known in his-
tory. They agree with the coral evidence.
But what is the source of the spin-slow-
ing? Is it losses due to the tides? Losses
at the deep interfaces of crust and man-
tle? Loss to magnetic plasma in space?
Mere mass readjustment deep in the
earth? The arguments are complicated
and uncertain, and without a mathemati-
cal theory we cannot extrapolate to the
pre-coral past.

Is the moon a result of fission from
the earth? Was it captured whole long
ago? Was it built by amalgamation of
many small moons, already captured in
circular orbit? Or are our difficulties a
sign of a fundamental problem in phys-
ics, like a gradual change in the laws
of gravity?

Here are the experts, rather in doubt.
A telling point made by D. U. Wise of
Franklin and Marshall College is that
Lord Kelvin about 80 years ago “proved”
that the sun was less than half a billion
years old, although Charles Darwin and
the geologists, ignorant of the defect in
his theories, knew he was wrong. Good
calculation from erroneous assumptions
does not lead to knowledge. More data
are needed, or better ideas. Both will
almost certainly be forthcoming,.

As usual, useful papers are entered
by Walter H. Munk, S. K. Runcorn,
Gordon ]. F. MacDonald, Thomas Gold
and R. H. Dicke. The entire symposium
is a worthwhile, well-indexed collection
for either the serious student or the
browser.

NGINEERS OF THE RENAISSANCE, by
Bertrand Gille. The M.LT. Press
($12). This work, by a distinguished
French scholar, is remarkable for its
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beauty. The page format is square, and
in the wide margins strong line draw-
ings are found by the score. One sees
cannons and catapults, hand mills and
cranes, drawn by the men of whom the
book treats. They include Leonardo da
Vinci, but there are many others. One of
the author’s two main contentions is
demonstrated plainly in word and line:
Leonardo, although justly held to be
the prince of these artist-engineers, was
only first among equals. A hundred years
before Leonardo, Konrad Kyeser, born
in a small Bavarian town, began the line
by designing chariots, siege engines,
military fireworks and fireworks for fes-
tivities, in a tone much like that of
Leonardo’s famous job application to
Ludovico Sforza. After Kyeser there was
a string of even more able and versatile
workers. What becomes clear is that we
know less of real technology than of
great craftsmanship, less of engineering
than of dreams; the men who wrote and
drew books, not the men who bored the
cannon and drained the marshes and
built the mills, are the ones we know
best. Only sometimes were they the
same.

Francesco di Giorgio of Siena is per-
haps the most interesting of the still-
little-known men whom Professor Gille
searches out. His drawing shows a kind
of “automobile,” a heavy frame moving
on four wheels. The wheels received
their power from hand-turned capstans
on the deck, transmitted through a maze
of rods and worms and pinions. The
machine is bewitching, even if it has
some aspects of a display of mechanical
devices. The moving parts appear to be
made of wood, not metal. Di Giorgio
designed a hand mill in which flying
balls on chains moved out at high speed
and fell in at low, thereby supplying the
principle of Watt’s governor (except that
the feedback loop was closed not me-
chanically but through the actions of the
man turning the crank). He took a young
engineer with him to Parma to consult
about the cathedral then being built
there; this was Leonardo.

The book is illustrated with many half-
tones of manuscripts or of castles and
mills as they now stand. They are often
beautiful photographs, but they are all
presented with an arbitrary wash of solid
color, now blue, now green, now buff.
This contrivance is of doubtful taste in a
work part of whose function is that of
archive and transmission.

NIODERN MICROSCOPY: OR SEEING THE

VERY SmaLrr, by V. E. Cosslett.
Cornell University Press ($5). The
Christmas lectures of the Royal Institu-



tion, in the spirit of (and dedicated to)
Sir Lawrence Bragg. They begin easily
enough with analogies of size and a fine
plot of magnification and focal depth for
all kinds of instrument. But they are
thereafter somewhat denser with fact,
concept and equation than the easygoing
style would suggest. Light is thoroughly
handled, with phase contrast and inter-
ference microscopes both described.
Then point-emission microscopes are
presented for use in X rays and with
electrons and ions. The standard electron
microscope comes in for anatomizing—
and praise—by an expert. The last and
most unusual chapter describes the new
flying-spot devices in some depth, those
using light and electron images as well as
the powerful instruments that perform
an X-ray analysis element by element of
the surfaces they scan, at a scale of a few
microns. The book closes with 32 splen-
did halftones that show microscopy and
microscopes from Hooke and Leeuwen-
hoek up through the output from all the
kinds of instrument discussed in the text.
The iron in the surface enamel of a rat’s
tooth section stands out clearly; it takes
six or eight relay racks to get the pic-
ture. Crystal-lattice planes in gold are
visible in another at a separation of two
angstrom units—3.5 million times mag-
nified. Beads of puffed Styrofoam in an
X-ray projection image at 60 times mag-
nification make an intricate array of
overlapping circular patterns, which
needs only another 20 times magnifica-
tion onto canvas to sell at a high price
on 57th Street.

SOLAR RapiaTioN, edited by Nathan
Robinson. American Elsevier Pub-
lishing Company, Inc. ($24.50). Life is
the gift of the sun. Nowadays people
begin to think of using solar energy di-
rect, and not merely through the subtle
processes evolution has developed in the
aeons since the sun first shone on our
earth. Their first need, those designers
of the solar furnaces and factories of the
future, is a careful quantitative account
of what is in the sunbeams. This book,
which came out as the result of the effort
of its expert contributors after the un-
timely death of its planner and editor, is
a comprehensive and up-to-date census
of sunlight.

The chapters summarize in graph,
table and equation the entire journey of
the solar energy, from the vacuum of
space through the air to the ground.
Solar X rays are described, but not solar
radio—no energy. The volume tells the
round of days and of seasons, taking
due account of the toll lost to air and
its dusts, to water vapor, and remember-

75th Year

IS
2

BASIC
MICROSCOPIC
TECHNICS

By Ruth McClung Jones

This new modern handbook for beginning and inter-
mediate students in the biological sciences is based on
Michael Guyer’s famous Animal Micrology. It retains
the diversity of method for which the Guyer book was
famous, but follows a different arrangement in most
of the methods presented. More than two-thirds of the
technics included in this new work were not in exis-
tence when Guyer’s fifth edition was published in
1953. Dr. Jones has tested these new technics to make
certain they are suitable for use by relatively inexperi-
enced students. The result is an up-to-date basic text
that is also an excellent hand reference for biological
researchers. Basic Microscopic Technics is ideal for
courses in histological technics, clinical pathology, and
medical technology.

Some of the new methods described are: simpler, time-
saving technics for preparing bone—vital staining
technics, especially for intercellular substances and
connective tissue — cytological technics suitable for
karyotype analysis that eliminate sectioning—methods
of preparing tissue for identification of sex chromatin
bodies—methods for mounting specimens in plastic—
histological methods—new technics for demonstrating
small blood vessels and lymphatics in sections and in
thin whole mounts—and recently developed aqueous
mountants. 352 pages. $6.50

INVERTEBRATE
NERVOUS SYSTEMS

Their Significance for Mammalian Neurophysiology
Edited by C. A. G. Wiersma

“How did the simplest animal reflexes that could be
called nervous arise and how, out of these primitive
activities, did that enormously complex body of re-
sponses that we look on as evidence of mentality in
higher creatures like ourselves originate?”” This ques-
tion forms the basis of this volume and the research of
its 34 contributors. These are the published proceed-
ings of the Conference on Invertebrate Nervous Sys-
tems held at the California Institute of Technology
(1966) under the sponsorship of CIT and the National
Institute of Health. $10.00

Inquire at your bookstore

UNIVERSITY OF CHICAGO PRESS
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Reinhold
One-Volume
Encyclopedias

@w!

Encyclopedia
of Biochemistry

Edited by ROGER J. WILLIAMS and
EDWIN M. LANSFORD, JR., both of
the University of Texas.

Feb. 1967/ Approx. 912 pp./$25.00

* More than 800 articles by 365 au-

thorities.

* Types of biochemical substances,

biochemical phenomena, metho-
dologies, organizations, biog-
raphies of famous biochemists are
examples of the kinds of subjects
covered.

® Articles for the non-specialist as

well as highly-technical treatises
for those familiar with the subject.

¢ New topics never before published

in book form.

® Special outline for a self-study

program.
e Profusely illustrated.

Send for catalog describing this ency-
clopedia and other Reinhold books.

Order from your bookstore or write:

Reinhold Book Division (M-352)

430 Park Ave., New York, N.Y. 10022
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Thomas HenfyHuxIey

ON A
PIECE OF
CHALK

Edited and with an Introduction
and Notes by Loren Eiseley

A science classic, by the famous
nineteenth-century biologist who
was the foremost advocate of
Darwin’s theory of evolution,
made available as a separate vol-
ume for the first time. Profusely
illustrated by Rudolf Freund.
Appendix, Bibliography, Index.
$4.95

SCRIBNERS

ing to add the blue-sky contribution
back in. It closes with a careful chapter
on the instruments and methods that do
this painstaking job, and a final sketch-
ier chapter on trapping sunlight behind
glass layers, in hot fluids or with silicon
photovoltaic cells.

A few facts from this comprehensive
monograph: Less than half of the solar
energy is in a form visible to the eye;
the majority is infrared. What the air
absorbs of the ultraviolet, which can be
lethal to cells, is less than 1 percent of
the whole. The fir forest sends back only
10 percent of sunlight, but the snowy
plain can reflect more than 90 percent.
The gloomier skies near cities are not
much discussed; the data come from
places such as Davos and are suited to
those climates where the skies are not
cloudy all day. Solar energy is not for
Manhattan.

Portions of the monograph that wan-
der afar (for example on the nuclear
sources of solar energy) are not always
reliable, but for the important matters
really at hand this work is pretty sure
to become the standard reference.

TOTES ON THERMODYNAMICS AND STA-

T1sTICS, by Enrico Fermi. The Uni-
versity of Chicago Press ($1.50). In
Fermi’s own clear and open handwrit-
ing these pages present his notes for a
course he taught in 1951 in this most
subtle of physical subjects. Here are
some 75 topics, from the foundations of
thermodynamics up to the elements of
statistical turbulence, each tersely de-
scribed in a page or two of equations,
data and diagrams. The lucidity and the
fresh, deep view that were always Fer-
mi’s stand out from these uncrowded
pages. Not a text, it will be invaluable
to students and teachers who have been
through the subject once. Now and
again there is an interspersed comment
written in as a correction or an amend-
ment after the lecture; the whole work
evokes the man. A few worthwhile prob-
lems are set. His alternate proof of the
Maxwell distribution from the steady
state of an isothermal vertical column
is one neat half-page.

A

BLACK WaR: THE EXTERMINATION OF

THE TASMANIAN ABORIGINES, by
Clive Turnbull. Ginn and Company
($5.80). “Not, perhaps, before has a race
of men been destroyed utterly within
seventy-five years.” So begins the pref-
ace to this history of the killing of a cul-
ture and a people, numbering a few
thousand, by the armed and enterprising
free settlers of beautiful Tasmania, be-
ginning about 1804. In fear, stupidity,
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lust and not a little sadism they deci-
mated the aboriginals as though they
had been beasts. Governmental self-de-
ception led to a final punitive expedition
and an exile of the remnant—a couple
of hundred souls—in the 1830’s. Fifty
thousand English had taken their hunt-
ing lands. The last Tasmanian died in
1876, “a grizzled old woman, a bright
kerchief bound about her head.” She
feared the body snatchers, and died with
the request that she be buried “safely
behind the mountains.” She had reason
to fear: her husband had had his hands
and feet cut off and his skull broken in
death, either by or against the resurrec-
tionists. These gentle hunters of opos-
sum, gatherers of fern and mussel could
not save even their dignity. The record
of their final agony in exile is falsified
and incomplete; we shall never know
their culture or their tongue. Turnbull
writes with a petition in his heart: Let
all Australia not repeat on the grand
scale the crime of Hobart. The cycle is
far advanced, but there was still hope in
1948, when the book was written. Who
will speak for today?

Z\_THLETIC Recorps: THE WHYS AND
+ X WHEREFORES, by George P. Meade.
Vantage Press, Inc. ($3.75). Dr. Meade,
a distinguished chemical engineer,
watched the first 100-yard dash ever
timed under 9.8 seconds. That was run
by Arthur Duffey in 1902. The dash has
become 5 percent faster between 1912
and 1965, while the javelin flies 50 per-
cent farther. This knowing and affec-
tionate book sets forth a rationale of
records in track, field and swimming,
analyzing them both by empirical and
by physiologically based schemes. The
author knows the work of the Nobel
laureate A. V. Hill as well as he does
that of the best modern coaches, and he
combines his literature review and rec-
ord-ordering with a sensible commentary
on training, technique, nationality and
the foibles of authority. The book ought
to stimulate a good deal of amateur
operations research, extending the same
expertise to other sports and going deep-
er in this one. It is worthy of better
typography and presentation, but it is
irresistible reading as it stands.

\ HO DEsIGNs AMERICA? THE AMER-

ICAN CIviLIZATION CONFERENCE AT
PrincETON, edited by Laurence B. Hol-
land. Doubleday & Company, Inc.
($1.45). A lively collection of nine papers
and discussion, pitting reason and indus-
trial designers against automobiles and
architects. Charles Eames, Edward J.
Logue, Boris Pushkarev, Suzanne K.



Langer and others contribute excellent
comment. One can learn that a highway
designer counts it worth just $23,000 to
stop one fatality. Russell Baker, the sage
of The New York Times, is quoted: “The
director of this tiny powerful group is
known only as the Great Paver.... His
philosophy is summed up...: The
world must move cars.”” This was a
1964 meeting, but the answer to the
title’s question is still being sought.

r[‘HE ExpPLORATION OF THE PaAcIFIC,

by J. C. Beaglehole. Stanford Uni-
versity Press ($7.50). A new edition of
the authoritative work by this noted
New Zealand scholar. It follows the Eu-
ropean explorers of the Pacific from
Magellan to Cook’s death. Many maps,
and even more marvels. It reminds us
that this year is the 200th anniversary
of the first publication of the Nautical
Almanac, used mainly for the lunar
tables Cook relied on for the Endeavor—
no chronometer aboard.

Mue Cavirornia Coxpor, by Carl B.
Koford; THE Ivory-BiLLED WooD-
PECKER, by James T. Tamner; Tue Ro-
SEATE SPOONBILL, by Robert Porter
Allen. Dover Publications, Inc. ($2 each).
Handsome reprint editions—with cover
photograph in color—of three Audubon
Society Research Reports, detailed mon-
ographs on three fascinating species.

ON GrowTH aNp Form, by D’Arcy

Wentworth Thompson. An abridged
edition by John Tyler Bomner. Cam-
bridge University Press ($2.45). The first
paperback edition of a good abridg-
ment of that treasure of a book. Superb
line drawings.

rleMPO aNxp Mopk 1IN EvoruTion, by

George Gaylord Simpson. Hafner
Publishing Company, Inc. ($6). A re-
print of the wartime classic, still as pro-
vocative a guide to the landscape of
evolution as it ever was.

ROTIFERS, by Joseph Donner. Freder-

ick Wame & Co., Inc. ($3.95). A
slender key, a life history and a collec-
tion of cultivation tips on these lovely
wheel-bearers, microscopic beasts of
large variety and exquisite motion. Many
stroboscopic flash photographs of the

living animals.

ELEMENTARY ParTicLES, by William
R. Frazer. Prentice-Hall, Inc.
($6.95). An admirable introduction to
the theory of particles for people who
know quantum mechanics well but not

field theory.
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“Much is spoken about
the power of science, and
rightly. It is awesome.
But little is said about
the inherent limitations
of science, and both
sides of the coin need
equal scrutiny.”
—Vannevar Bush

THE
RELEVANGE
OF PHYSICS

by Staniey L. Jaki

This book presents a sys-
tematic illustration of the
limitations of physical sci-
ence. It gives the history of
physics and redresses the
errors made by its popular-
izers. It also examines the
physicists’ states of mind,
both past and present, to
clarify our understanding
of the contribution physics
has made to the human
quest for knowledge. The
Relevance of Physics does
not argue, it documents.

CONTENTS:

CHIEF WORLD MODELS
» The World as an Organism
» The World as a Mechanism
* The World as a Pattern of
Numbers

CENTRAL THEMES OF
PHYSICAL RESEARCH
» The Layers of Matter « The
Frontiers of the Cosmos
* The Edge of Precision
PHYSICS AND OTHER
DISCIPLINES - Physics
and Biology ¢ Physics and
Metaphysics + Physics and
Ethics + Physics and The-
ology

PHYSICS: MASTER OR
SERVANT -+ The Fate of
Physics in Scientism * The
Place of Physics in Human
Culture. 656 pages $12.50
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NO, THESE MEN
I]"] “l" wunK ...AT THE NAVAL LABORATORIES IN GALIFORNIA

But If they were alilve today, we would do our utmost to entice
their creative services. These innovators shared an uncommon character-
istic...the rare genius for ignoring the contemporary “limits" of science,
a quality welcome at the Laboratories. While we cannot claim credit for
the genius of such “originals’ as Archimedes, Da Vinci, Galileo and the
anonymous inventors of the lever and the wheel...we can share in the
accomplishments of the many persons of unusual talent, measured by any
standard, who pursue their chosen disciplines at the twelve facilities of
the U.S. Naval Laboratories in California.

UNKNOWN

Here, for example, serve such men as Dr. William B. McLean (NOTS),
who won world-wide acclaim for his work in developing the “Sidewinder"
air-to-air missile; Dr. Waldo K. Lyon (NEL), who was singularly respon-
sible for the first submarine navigation of the Arctic ice cap; Dr. Edward
L. Alpen (NRDL), whose research into the effects of radioactivity on
humans and materials has contributed greatly to our knowledge in this
important field; and Dr. Curtis J. Humphreys (NOLC), whose pioneering
investigations of atomic line emission spectroscopy have earned him
international renown and respect. However, creative endeavor at the
Laboratories is not solely a male prerogative. Distinguished physicist, Dr.
UNKNOWN Marguerite M. Rogers (NOTS), recently achieved new honors for her part
in the development of the “EYE" concept in missile weaponry.

Exceptional accomplishment at the Laboratories touches every level,
every discipline. Creative purpose, nurtured in an intellectual, scientific,
and cultural environment, grows into realization.

You and your ideas can flourish in this environment. These can be your
colleagues...men and women working in areas covering the spectrum
from physics to mathematics, from mechanical to electronic engineering,
from chemistry to metallurgy and many others in between. A stimulating
prospect, we think. We believe you'll agree.

LABORATORIES

U.S. NAVAL ORDNANCE TEST STATION (NDTS), China Lake and Pasadena

U.S. NAVAL MISSILE CENTER (NMC), Point Mugu

PACIFIC MISSILE RANGE (PMR), Point Mugu

U.S. NAVAL CIVIL ENGINEERING LABORATORY (NCEL), Port Hueneme

U.S. NAVY ELECTRONICS LABORATORY (NEL), San Diego

U.S. NAVAL ORDNANCE LABORATORY (NOLC), Corona

U.S. NAVAL RADIOLOGICAL DEFENSE LABORATORY (NRDL), San Francisco

U.S. NAVAL PERSONNEL RESEARCH ACTIVITY (NPRA), San Diego

U.S. NAVAL WEAPONS STATION, QUALITY EVALUATION LABORATORY (QEL), Concord
U.S. NAVAL WEAPONS STATION, QUALITY EVALUATION LABORATORY (QEL), Sea/ Beach
U.S. NAVAL SHIP MISSILE SYSTEMS ENGINEERING STATION (NSMSES), Port Hueneme
U.S. NAVAL FLEET MISSILE SYSTEMS ANALYSIS AND EVALUATION GROUP (FMSAEG), Corona

For further information write to Personnel Coordinator, Dept. A

U. S. NAVAL
LABORATORIES IN CALIFORNIA
GALILED 1030 East Green Street / Pasadena, California 91101
AN EQUAL OPPORTUNITY EMPLOYER
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ORDER

SHOPPING MAR

A selection of products available by mail for readers of Scientific American
All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

UNUSUAL
VALUES

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus.
planets close up. 60 to 180 power
—famous Mt. Palomar reflecting
type. Alum.nized & overcoated 3”
diameter f/10 primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X finder
scope hardwood trlpod FREE:

STA RT': 272-page
“HA\'DBOOK OF HEAVENS':
“HOW TO USE YOUR TELE-
SCOPE"” book. $29.95 Ppd. Order
Stock No. 85,0508. Edmund
Scientific Co., Barrington, N.J.
08007.

.-:. ‘G"“Jw
“ B R

WOODEN
SOLID PUZZLES

Here's a fascinating assortment ot
12 different puzzles to provide
hours of pleasure and stimulate
ability to th.nk and reason. Ani-
mals and geometric forms. Take
them apart and reassemble them.
Lots of fun for the whole family —
young and old. Will test skill,
patience and ability to solve prob-
lems. Order yours now. $3.00 Ppd.
Order Stock No. 70,205S. Ed-
mund Scientific Company, Bar-
rington, New Jersey 08007.

NEW MODEL DIGITAL
COMPUTER

Solve problems, tell fortunes, play
games with miniature version of
giant electronic brains! Adds. sub-
tracts, multiplies, shifts, compie-
ments, carries, memorizes. Colored
glastlc yarts easily assembled. 12”x
157x4 Incld. step-by-step as-
sembly dlagrams 32-p.instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-
ments. $5.98 Ppd. Order Stock
#70,683S. Edmund Scientific Co.,
Barrington, N.J. 08007.

GIANT
FREE CATALOG

Completely new 1967 Catalog. 148
pages packed with nearly 4,000
unusual bargains. Exciting new
categories. Many new items. 100’s
of charts, illustrations. Many hard-
to-get war surplus Dbargains.
Enormous selection of telescopes,
microscopes, binoculars, magnets,
magnifiers, prisms, photo compo-
nents, etc. For hobbyists, experi-
menters, workshops, factories.
Shop by mail. No salesman will
call. Write for Catalog ‘S’ to Ed-
mund Scientitic Co., Barrington,
N. J. 08007.
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GIANT
WEATHER BALLOONS

“‘Balls of fun” for kids, traffic
stoppers for stores, terrific for
amateur meteorologists. Create a
neighborhood sensation. Great
backyard fun. Exciting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed. and temp. Made of heavy
black rubber. Inflate with vacuum
c.eaner or auto air hose; or locally
ava’lable helium for mgh rise. 8”
diam. $2.00 Ppd. Order Stock No.
6),568S. Edmund Scientitic Co.,
Barrington, N.J. 08007.

FASCINATING MOIRE
PATTERN KITS

Now explore the world of “Op
Photography’’. Fantastic visual
effects. Limitless applications.
1,000’s of uses for hobbyists, pho-
tographers, home experimenters.
Fun! Profitable! Contains 8 basic
patterns on both clear acetate and
white Kromekote, 150 dot screen
on film, book. Other sets incl. neg-
atives available. Write for details.
Stock No. 70,719S....$8.50 Ppd.
SAME KIT IN FULL COLOR
Stock No. 60,530S...$12.50 Ppd.
Edmund Scientific Co., Barring-
ton, New Jersey 08007.

SCIENCE
TREASURE CHESTS
Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-
scopes, microscopes, etc. Incl.:
extra powerful magnets, polariz-
ing filters, compass, one-way
mirror fiim, diffraction gratlng,
many other items. . d.
Order Stock No. 70,342S. Deluxe
Chest: Above plus crystal growing
kit, electric motor, molecular set,
and lots more. $10.50 Ppd. Order
Stock No. 70,343S. Edmund
Scientific Co., Barrington, New

Jersey 08007.

NEW . ..TRANSPARENT
CRYSTAL MODELS

Set of 15 Basic Symmetries with
Built-in Crystallographic axes.
For lab study, exhibition, demon-
stration. Colored threads built in-
to each precision-made hollow
plastic model show position of all
axes. Easily marked with china
pencil. Cube measures 13{”—14
others (see above) in proportion.
Packed in poly bags separately 1n
compartmental wooden cas
$64.00 Ppd. Order #70, 8215
Edmund Scientific Co., Barring-
ton, New Jersey 08007.

AMAZING
NEW HOLOGRAMS

Now evaluate tremendous impact
of almost unbelievable new 3-D
photo-technique for small cost.
Simple transmission-type holo-
gram result of splitting laser beam.
Dimension appears carved in
stone. Cut in half repeatedly—
parts still contain full scene. Fan-
tastic future potential. Use slide
projector light source or ﬂashllght
bulb filament. Filter incl. 4”

33%” Hologram. $15.00 Ppd. Or-
der #40,969S. 2” x 174”. $4.50 Ppd.
#30,574S. Edmund Scientific Co.,
Barrington, New Jersey 08007.

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trlg prob-
lems, physics formulae, electricity
and magnetism problems Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer indicated on dial. 20”7
long, 9”7 wide, 2” deep. $14.95
Ppd. Order Stock No. 70,341S.
Edmund Scientific Co., Barring-
ton, New Jersey 08007.

ASTRONOMICAL
TELESCOPE KITS

Grind your own mirror for power-
ful telescopes. Kits contain fine
annealed pyrex mirror blank, tool,
abrasives, diagonal mirror, and
eyepiece lenses. Instruments you
build range in value from $75 to
hundreds of dollars. 4}4{” diam.,
34” thick, $8.00 Ppd. —Order
#70,0038 6" diam. 1”7 thick,
95 1;{) ; 8” dlam :
’/"thlc $21 00 de —#70
10” dlam 134" thick, $34 25
FOB—#70,006S. Edmund Scien-
tific Co., Barrington, New Jersey
08007.

s

TERRIFIC BARGAIN
IN ZOOM LENSES

Modernize your 8mm projector
with two super-quallty surplus
lenses. Get 334 % to 100%
larger movies wlthout moving
projector. Just move lens for
results wanted. Coated optics,
black and silver finish, ’3” diam.
threaded aluminum barrels. (A)
1%” long, F.L. %” to 17, Lens
Speed f/1.5, $8.50 Ppd. "Order
Stock #40,873S: (B) 1-11/16”
long, F.L. 34” to 1”7, Lens Speed
f/1 6 $6. 95 de Stock #40,874.
Kdmund Scientific Co., Barring-
ton, New Jersey 08007.
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No. 8, pages 1087-1102; July, 1964.

SALINITY AND ARIDITY: NEwW Ap-
PROACHES TO OLD ProBLEMs. Edited
by Hugo Boyko. Dr. W. Junk Publish-
ers, The Hague, 1966.

THE ORIGIN
OF THE
AUTOMOBILE ENGINE

Gas ExcINE. Encyclopaedia Britannica,
Eleventh Edition, Vol. 11, pages
495-501.

NixoLAaus AucusT OTTO: CREATOR OF
THE INTERNAL-COMBUSTION ENGINE.
Gustav Goldbeck in From Engines
to Autos, by Eugen Diesel, Gustav
Goldbeck and Friedrich Schildberger.
Heary Regnery Company, 1960.

Tue ORIGIN OF THE FOUR-STROKE
CycLe. Lynwood Bryant in Technol-
ogy and Culture, April, 1967.

THE SiLENT OTTO. Lynwood Bryant in
Technology and Culture, Vol. 7, No.
2, pages 184-200; Spring, 1966.

ADVANCES
IN SUPERCONDUCTING MAGNETS

APPLIED SUPERCONDUCTIVITY. Vernon
L. Newhouse. John Wiley & Sons,
Inc., 1964.

Tue Puysics oF HiGH-FIELD SUPER-
conpucToRrs. Charles P. Bean and
Roland W. Schmitt in Science, Vol.
140, No. 3562, pages 26-35; April 5,
1963.

SUPERCONDUCTING MAGNETS. D. Bruce
Montgomery in IEEE Spectrum, Vol.
1, No. 2, pages 103-113; February,
1964.

SUPERCONDUCTING MAGNETS—APPLICA-
TION TO THE MOSSBAUER EFFECT.
P. P. Craig in Mossbauer Effect
Methodology, edited by Irwin J.
Gruverman. Plenum Press, 1965.

SupPERCONDUCTIVITY. Ernest A. Lynton.
Barnes & Noble, Inc., 1964.

THE AMATEUR SCIENTIST

ExPERIMENTAL CONTROL OF PrLANT
GrowTH. Frits W. Went. Ronald
Press Company, 1957.

GARDENING INDOORS UNDER LIGHTS.
Frederick H. Kranz and Jacqueline
L. Kranz. The Viking Press, 1957.

GROWING PLANTS UNDER ARTIFICIAL
LicHT. Peggie Schulz. M. Barrows &
Co., Inc., 1960.

PLANT PROPAGATION WITH ARTIFICIAL
Licur. U.S. Department of Agricul-
ture Reprint No. CA-34-76. U.S.
Government Printing Office, October,
1962.



With a name
like General Electric
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largest single group
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to be those
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degreesp |
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DEFY WIND

Keep your roof on...even in 100-mile gales.

Allied Chemical has the material that defies wind. Self- the shingles togetherin a ““one-piece” roof that resists high
sealing shingles equipped with a special Allied Chemical  winds and drivingrains—even of hurricane force.It’'sanother
adhesive. The sun’s warmth softens the adhesive. Bonds example of how Allied Chemical puts chemistry to work.

llied

hemical

Right in the center of things
at No.1 Times Square

Divisions: Agricultural, Fabricated Products, Fibers, Industrial Chemicals, International, Plastics, Semet-Solvay, Union Texas Petroleum, Allied Chemical Canada, Ltd.
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